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MULTIPLE SIGNAL TRANSMISSION METHOD
AND SYSTEM, PARTICULARLY FOR TELEVISION

FIELD OF THE INVENTION

The present invention relates to transmission
and reception of audio and video signals and, more
particularly, to a method and system for transmitting
and receiving multiple audio frequency signals, prefer-
ably together with a video signal, within a frequency
band allocated for a single television channel for
commercial as well as subscription television, and to a

‘multiple signal scrambling technique for secure trans-

mission.

BACKGROUND OF THE INVENTION

-

The transmission and reception of information
in the frequency spectrum set aside for television has
progressed to a point where viewers are provided with
information of an audio or video nature in addition to
the normal audio and video signals associated with a
particular television program. Ordinarily, the normal
television video signal is transmitted with an associ-
ated audio signal within an allocated frequency band of
about 6 MHz. Recently, however, additional information
has been transmitted and received by individual viewers
with the normal audio and video signals, particularly
in subscription television (STV).

Most STV systems, for example, include a
video signal which is scrambled for certain subscrip-
tion programs, an audio signal associated with the
scrambled video signal, and an additional audio channel
usually referred to as a barker channel. The barker
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channel is transmitted at the normal audio center fre-
quency within the band allocated to a television
channel. The barker is normally used for messages
related to unscrambled video available to all viewers
but unrelated to subscription television programs that
are scrambled. The audio related to the scrambled
subscription television programs is transmitted at a
center frequency displaced from the normal audio center
frequency and thus cannot be detected by the normal
television receiver. Accordingly, a subscription tele-~
vision system may include a video signal at its normal
location in the allocated frequency band (but

scrambled) and two audio signals, one at the normal

audio frequency position in the television channel
frequency band and the other displaced from the normal
television audio frequency location.

The normal television bandwidth allocated to
a particular channel also may be used to transmit addi-
tional information, related or unrelated to the televi-
sion program video, where captions or other textual
data is provided. For example, in captioning and
teletext systems, information may be transmitted in the
vertical interval of a normal television video signal
or at some other convenient location in the signal.
This additional information is broadcast in the normal
television band allocated to a particular channel and

is detected at the television receiver by a special

adapter or decoder which then provides display of the
captions or other textual material on the face of the
television cathode ray tube (CRT).

Of course, other systems have been proposed
in which additional information is transmitted,
although not over the normal television frequency band
allocated to a particular channel, in order to increase
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the amount of information available to a television
viewer during the broadcast of a program. For example,
television and FM stations often cooperate by simul-
taneously transmitting a television program over a
normgl allocated television channel and by transmitting
its éccompanying sound over an allocated FM radio
channel. Thus, the viewer can watch a program on a
normal television set while simultaneously listening to
its accompanying sound in stereo using an FM

receiver, A similar system has been proposed and has
apparently been used to provide multi-lingual audio for
a particular television program video. For example, in
a system discussed in the July 1980 issue of TV World,

“at page 34, the ordinary television signal is appar-

ently transmitted in the frequency ban normally allo-
cated to a television channel and an additional audio
signal, in another language, is transmitted over an FM
radio band. The viewer can select either the FM radio
band or the normal telévision audio and thereby select,
to accompany the program being viewed, either of two
audios in different languages.

BRIEF DESCRIPTION OF THE INVENTION

An objective of the present invention is also
to provide information in addition to the normal tele-
vision audio and video from which a television viewer
can select. However, a primary objective is to provide
such information within the normal frequency band allo-
cated to a television channel. Moreover, an objective
of the present invention is to provide a greater
variety of information than has been heretofore avail-
able, without exceeding the allocated frequency
bandwidth of a single television channel.

4”?

RNATIO
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A further objective of the present invention
is to provide information in addition to the normal
television audio and video within a frequency band
allocated to a single television channel in a manner
that permits selection of a desired type of information
by 6n1y those who are subscribers and thus eligible to
receive that information.

It is therefore a more specific object of the
present invention to provide a novel method and system
for transmitting and receiving television signals with-
in a normal frequency band allocated to a television
channel wherein a television program video signal and
at least three other signals are transmitted and can be

selectively received.

Another object is to provide a novel scram-
bling and transmission technique for plural signals
wherein the plural signals are transmitted in a minimum
frequency bandwidth in a format secure from reception
in an intelligible form by a normal receiver but are
available on a selective basis to eligible individuals
having decoders.

Yet a further object of the present invention
is to provide a novel television transmission and
reception method and system especially for subscription
operation in which subscribers may select between a
Plurality of multilingual audio soundtracks accompany-
ing the television video program material.

Still a further object of the present inven-
tion is to provide a subscription television system and
method wherein highly secure transmission of the STV
program material is effected by low level, relatively
low security scrambling of the video portion of the
television program and high level, highly secure
scrambling of the audio portion of the program, and
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wherein dne of a plurality of audio signals may be
selected by eligible subscribers.

Briefly, one aspect of the present invention
involves the scrambling of a plurality of input signals
for secure transmission thereof by modulating in-phase
and quadrature components of at least one carrier
signal with one and then another of the plurality of
input signals in an alternating fashion such that
neither the in-phase nor the quadrature component con-
tains the one or the other of the input signals in its
entirety. More specifically, an in-phase component of
at least one carrier signal is modulated in response to

.one and then another of the plurélity of input signals

in a sequence of time intervals such that parts but not
all of the one and another of the input signals are
carried by the in-phase component. A quadrature com-
ponent of the at least one carrier signal is modulated
in response to the one and another of the plurality of
input‘signals in the same sequence of time intervals
such that parts but not all of the one and another
input signals are carried by the quadrature component
and such that the in-phase and quadrature components
together carry the one and another of the input signals
in their entireties. The modulated in-phase and quad-
rature components are then combined for transmission,
for example, by summing the in-phase and quadratﬁre
components and modulating a second carrier signal with
the sum signal. The sequence of time intervals prefer-
ably comprises time intervals that vary in duration in
a predetermined pseudo-fandom manner. The input
signals are preferably information signals with at
least one information signal being an audio program
signal associated with a television video program. In
accordance with one embodiment, four input signals are
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scrambled by using the in phase and quadrature compon-
ents of two carrier signals displaced in frequency by
an amount sufficient to prevent interference in trans-
mission. A subscriber to the scrambled transmission
system may therefore choose between a number of avail-
able signals, including various language soundtracks
accompanying a television video prbgram.

In accordance with another aspect of the
invention, normal audio and video program signals are
transmitted in the respective normal audio and video
signal frequency bands of an overall television fre-
quency band allocated for transmission of a single
television channel. The audio and video program

"signals are normal in the sense that they are trans-

mitted at respective normal audio and normal video
center frequencies assigned for transmission of the
audio and video signals within the normal television
audio and video frequency bands. Simultaneously with
the transmission of the normal audio and video program
signals, a plurality of additional audio signals (i.e.{
at least two) are transmitted in the normal audio fre-
qﬁency band, and within the overall television
frequency band, at at least one center frequency dis-
placed from the normal audio center frequency suffici-
ently so that there is no interference between the
normal and additional audio signals in the transmission
thereof. Moreover, the additional audio signals are
transmitted in a manner that does not permit the trans-
mitted energy to exceed the overall television fre-
quency band.

Other aspects of the present invention
include methods and systems for operating television
systems with normal and additional audio signals either
in scrambled or unscrambled forms for commercial tele-
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vision or STV services. Moreover, further features
include billing and category selection (subscriber
eligibility) methods and systems, as well as ways of
providing eligibility and other codes, such as through
addrgssing of individual decoders.

The foregoing and other objects and advant-
ages of the present invention will become apparent to
one skilled in the art to which the invention pertains
from the following detailed description when read in
conjunction with the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a functional block diagram
generally illustrating one embodiment of a television
transmitting and receiving system in accordance with

the present invention;
Figure 2 is a functional block diagram illus-

trating the audio encoder and combiner of Figure 1 in
greater detail;

Figure 3 is a graphic illustration of the
baseband audio spectrum produced in accordance with the
embodiment of the invention illustrated in Figures 1-2;
and

Figure 4 is a functional block diagram illus-
trating in detail one embodiment of an audio encoder or
scrambler according to the present invention;

Figure 5 is a graphic illustration of the
scrambled audio signals produced by the encoder of
Figure 5;

Figure 6 is a functional block diagram illus-
trating another embodiment of an audio encoder or
scrambler according to the present invention;
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Figure 7 is a graphic illustration of the
scrambled audio signals produced by the encoder of
Figure 6;

Figure 8 is a functional block diagram illus-
trating the audio decoder and selector of Figure 1 in
greater detail.

Figure 9 is a functional block diagram illus-
trating in greater detail one embodiment of the decoder
and selection controls of Figure 1; and,

Figure 10 is a functional block diagram of
one embodiment of a receiver turning arrangement and
category code storage arrangement according to the
present invention.

'DETAILED DESCRIPTION

A commercial broadcast television channel is
normally allotted a frequency bandwidth of about 6 MHz
within which the audio and video signals must be trans-
mitted at assigned center frequencies. Most of that
bandwidth is taken by the video signal with about 200-
250 KHz at the upper end of the band remaining for the
audio information. In accordance with the present
invention as is functionally illustrated in Figure 1
and described in detail hereinafter, the television
video signal is modulated on a video carrier at a
normal video center frequency for the particular tele-
vision channel. This video signal may or may not be
scrambled but its location in the frequency band and
its transmission may be éntirely conventional. Accord-
ingly, the video signal transmitted in accordance with
the present invention may be received by the conven-
tional television video receiver although, if it is
scrambled or contains additional information, the video
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may be unpleasant or even impossible to view and the
additional information will be lost without further
signal processing at the viewer location.

Similarly, at least one audio signal is
transmitted at the normal television audio carrier
center frequency and can be received on a conventional
television audio receiver. Because of its "normal”
placement in the frequency band of the television
channel, this audio signal is hereinafter referred to
as the normal audio signal. As with the other “audio"
signals discussed herein, the information content of
the normal audio signal may vary from normal program
audlo or sound to information unrelated to the video.
However, each "audio" signal referred to herein will be
limited in frequency range to that of audio signals
(e.g. from 20 to 20,000 Hz and preferably from 50 to
15,000 Hz). Accordingly, the term audio signal in the
context of the present invention may refer to any
signal limited in frequency to the audio frequency
range. Such signals may include audio information
associated with a program video signal (e.g. the sound-
track of a film either monaural or stereo), additional
audio information associated with video (e.g. one or
more foreign'language versions of a film soundtrack),
and information unrelated to the program video signal
(e.g. control signals; facsimile information, etc.)

As will be seen hereinafter, a plurality of
audio signals other than the normal audio are provided
in the composite television signal within the portion
of the band allocated to audio transmission. These
other audio signals are displaced in carrier frequency
from the normal audio signal carrier frequency but the
composite audio is within the 200-250 KHz band allotted
for audio transmission in the frequency band of a

single television channel.




WO 82/01109 PCT/US81/01261

10

15

20

25

30

=10~

Figqure 1 illustrates one embodiment of a
system in accordance with the present invention wherein
signals produced at a television station or some other
central location are transmitted to a subscriber loca-
tion (or a viewer location in the case of non-
subécription services). Transmission from the televi-
sion station to the subscriber location may be by over-
the-air broadcast as illustrated or by other suitable
conventional means such as cable. As will be
appreciated, however, certain aspects of the present
invention are equally applicable to any type of trans-
mission while others, particularly the scrambling
techniques and frequency spectrum conservation features

" described hereinafter, are more applicable to a broad-

cast system. Moreover, while the invention is
described in connection with United States commercial
television transmission standards, it should be under-
stood that the principles of the present invention are
applicable to various television signal transmission
formats including those of other countries and those
used in satellite or MDS transmission. -

Referring now to Figure 1, a normal audio
signal source 10 provides a normal audio signal N.AUDIO
to an audio encoder and combiner 12 described herein-
after in greater detail. Similarly, audio signal
sources 10A, 10B, ... 10N also provide audio signals
AUDIO.A, AUDIO.B, ... AUDIO. N to the audio encoder and
combiner 12. An audio control signal ACTIL is provided
to the audio encoder and combiner 12 from an audio
encode control 14 described hereinafter in greater
detail. A combined audio signal CAUD is supplied from
the encoder and combiner 12 to conventional exciter
(modulator) and transmitter circuits 16. In the usual
television system, the audio signal is supplied to an
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FM exciter and transmitter since the audio signal is
transmitted as a ffequency modulated signal.

The video equipment at the television station
includes a video signal source 18 which, in a subscrip-
tion system having video scrambling of some program
mate}ial, provides a video signal VID to a video
encoder 20. In a scrambled video system, a video
encode control circuit 22 provides a video control
signal VCTL to the video encoder 20, and either an
unscrambled or scrambled video signal VID or SVID is
supplied from the video encoder 20 to the exciters and
transmitter 16. For video signal transmission in the
normal television system, the video signal VID (SVID)

"is supplied to AM exciter and transmitter since this

information is transmitted in an amplitude modulated
form. Of course, in a system without video®scrambling
as in a commercial TV system or a subscription service
where the subscriber pays for only non-video services,
a video encoder and encoder control circuit are not
necessary.

At the viewer location, conventional AM and
FM receivers receive and detect the respective video
and audio signals transmitted from the television
station. The AM receiver provides the VID (SVID)
signal to a video decoder 26 which in turn provides the
video outpﬁt signal VIDEO OUT to conventional modula-
tors 28 for remodulation at a particular television
channel frequency. The FM receiver provides the com-
bined audio signal CAUD to an audio decoder and
selector 30 which in turn provides an audio output
signal AUDIO OUT to the modulators 28. The combined
audio and video modulator output signal is supplied to
the television antenna terminals of a conventional

television set.

NATIO
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The video and audio decoders are provided
with various control signals as described hereinafter
in greater detail by a decoder and selector control
32. 1In a subscription system, the signals from the
decoder and selector controls 32 may also be provided
to a suitable billing mechanism 34 of a suitable con-
ventional design. 1In one such billing mechanism shown
in U.S. Patent No. 4,163,254, for example, billing
information is accumulated in the billing mechanism 32
for periodic interrogation over telephone lines. As
will be appreciated hereinafter, such a billing
mechanism is readily adaptable for use in conjunction
with the present system when particular information by
a subscriber is to be paid for on the basis of selec-
tion and use of that information.

In operation, the normal audio signal and a
plurality of additional audio signals are combined by
the audio encoder and combiner 12 to form the composite
audio signal CAUD under the control of the audio encode
control signal ACTL. In a preferred embodiment of the
invention, four audio signals in addition to the normal
audio signal are combined to form the composite audio
signal. It will be appreciated, however, that other
numbers of audio signals in addition to tHe normal
audio signal may be used to form the composite audio
signal.

As will be seen hereinafter, the audio
encoder and combiner 12 combines the multiple audio
signals over a frequency baseband spectrum that is no
greater than one-half of the bandwidth allocated to
audio transmission in a normal television channel. 1In
this manner, the overall bandwidth of the frequency
modulated signal transmitted by the FM exciters and
transmitter does not exceed this allocated bandwidth.
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Moreover, the various audio signals are provided within
the baseband audio spectrum in forms that are readily
distinguishable with relatively inexpensive hardware.
For example, these audio signals are displaced in fre-
quency from one another sufficiently that they can be
sepafated by relatively inexpensive, conventional
filtering techniques. Furthermore, it will be seen
that by using in-phase and quadrature components of a
single carrier to provide different forms of the audio
signals, they may be readily distinguished and thus
detected.

The video signal VID from the video signal
source 18 is used to modulate a conventional AM exciter

"and transmitter as any other standard television video
signal would be used. However, as was previously
explained it may be desirable to scramble the video
signal prior to transmission and, thus, a video encoder
may be provided for this purpose. The video encode
control 22 may determine in any suitable manner whether
or not the video encoder 20 scrambles the video signal
and, in addition, the manner in which scrambling is
accomplished. Of course, the encode control 22 may not
be required if relatively simple scrambling such as
suppressed sync or a.c. signal insertion techniques are
used.

The composite television signal, i.e. the
transmitted AM video and FM audio signals are received
by respective AM and FM receivers in any suitable con-
ventional manner to provide the composite audio signal
and the video signal at desired intermediate frequen-
cies. In the event that the video signal is scrambled
(i.e. the SVID signal is transmitted and received), the
video decoder 26 unscrambles the received video i
signal. Typically, depending upon the type of scram-
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bling utilized, the video decoder 26 totally demodu-
lates the video signal to provide the baseband video
signal, reconstitutes the sync or polarity if sync or
polarity scrambling is used, and then provides a recon-
stituted video output signal VIDEO OUT at baseband.
This video output signal is then remodulated at a
desired television channel frequency which may or may
not correspond to the frequency band of the originally
transmitted television signal. 1In fact, in accordance
with one aspect of the present invention, the modula-
tors for the audio and video output signals are fixed
at a particular frequency corresponding to one televi-
sion channel (e.g. channel 3) and the AM and FM
receivers 24 include an all-channel tuner which permits
all channels to be received and viewed on a television
set without changing the channel selector on the set
(see Figure 10). To select a different television
broadcast band, i.e. another television channel, the
tuner on the AM and FM receiver 24 is changed to select
the desired channel without the need for any change in
the channel selector on the television set. In this
manner, remote control and other features discussed
hereinafter can be provided easily on existing televi-
sion sets. ’

The composite or combined audio signal CAUD
received by the FM receiver is supplied to the audio
decoder and selector 30 and a single audio signal is
selected as the audio output signal AUDIO OUT. Selec-
tion of the audio output signal is controlled by the
viewer through the decoder and selector controls 32
described hereinafter in greater detail. Moreover, the
decoder and selector controls 32 may provide for the
selection of an additional one or more of the audio
signals for application to an output jack or some
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equipment other than the normal television receiver.
Selection of a particular audio signal or signals
and/or acceptance of a scrambled video signal for un-
scrambling and viewing may be recorded by the billing
mech§nism 34 for billing purposes as was previously
mentioned. In this regard, information contained in
the video program signal such as a program identifica-
tion may be supplied to the billing mechanism as
jllustrated in phantom in order to provide a complete
record of the viewer's selection.

Figure 2 illustrates one embodiment of the
audio encoder and combiner 12 of Figure 1 in which a
normal audio signal N.AUDIO and four additional audio

*signals AUDIO A - AUDIO D are encoded and combined for

transmission as the composite audio signal CAUD. 1In
the Figure 2 embodiment, the audio signals are not
securely scrambled, although it will be seen that all
but the normal audio N. AUDIO will be displaced in the
audio frequency band from the ordinary television audio
center frequency so special equipment will be needed to
detect the additional audios. It will also be seen
hereinafter in connection with Figures 4-7 that, by
addition of a scrambling circuit to the front end of
the audio encoder and combiner, the additional éudio
signals may be securely scrambled so that even with
equipment capable of receiving and detecting the addi-
tional audios, they cannot be utilized unless the
subscriber equipment has appropriate unscrambling
capabilities.

Referring now to Figure 2, each of the normal
and additional audio signals is filtered by an associ-
ated bandpass filter 40-40D. Each filter 40-40D is a
conventional filter that limits the frequency range of
the audio signals to between 50 and 15,000 Hz, a range
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well within the audio frequency range and yet suffici-
ent to transmit high fidelity sound information.

The output signals from each filter 40-40D
are applied to respective pre-emphasis circuits 42-
42D. These pre-emphasis circuits are conventional
circhits that have about a 750 second time constant at
the frequencies involved. Accordingly, the lower fre-
quency end of the audio signals is of a relatively
constant amplitude to a frequency of about 2.1 KHz. At
the 2.1 KHz break point, the amplitude of the audio .
signal is "emphasized" and increases in a'generally
linear manner (see Figure 3).

The output signal from the pre-emphasis cir-

“cuit 42 is applied to a conventional summing or combin-

ing circuit 44 while the output signals from the pre-
emphasis circuits 42A-42D are applied to respective
mixers 46A-46D of a conventional type. For example,
the mixers 46A-46D may be conventional double balanced
mixers. The base band audio spectrum of each of the
signals from the pre-emphasis circuits 42-42D are
essentially alike and correspond to the generally
illustrated portion of the spectrum designated NAUD' in
Figure 3.

The output signals from the mixers 46A-46D
are the respective pre-emphasized audio signals double-
sideband, suppressed-carrier, amplitude modulated (D5B-
SC-AM) at one of two center frequencies and either in-
phase (I) or 90° out-of-phase or in quadrature with a
pilot tone. 1In this regard, a pilot tone of a desired
frequency is applied to a conventional quadrature
carrier generator 48 which generates an in-phase signal
I and a quadrature signal Q at each of two distinct
frequencies related to the pilot tone frequency. These
I and Q signals at each of the selected frequencies are
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used as carriers in the DSB-SC-AM multiple audio
approach set forth herein. The pilot tone is also
applied to the summing circuit 44 for transmission as
part of the composite audio.

, The selected frequencies in the illustrated
embodiment are related to the horizontal sync frequency
Fp of the television video signal since this frequency
is convenient and also has'multiples which are uniquely
suited to the system of the present invention. Speci-
fically, the frequency SFH/Z (39.335 KHz) is selected
as one carrier frequency and the frequency 10Fg/2
(78.67 RHz) is selected as the other. As will be seen

.hereinafter, this ensures about 10 KHz between each

audio band in the composite base band audio spectrum
and permits the transmission of five audio signals
(using I and Q components) within the audio frequency
bandwidth allotted in a television channel band.

With continued reference to Figure 2, the in-
phase carrier signal 5Fg/2 (0°) is applied to the mixer
46A while the quadrature carrier at this same frequency
5Fg/2 (98°) is applied to the mixer 46B. The in-phase
carrier signal 10FH/2 (90°) is applied to the mixer
46D. The I and Q signals from the mixers 46A and 46B
are combined by a conventional summing circuit 50 and
the I and Q signals from the mixers 46C and 46D are
applied to a similar summing circuit 52. The output
signal from the summing circuit 50 is applied through a
conventional low pass filter 54 to an input terminal of
the summing circuit 44. The output signal from the
summing circuit 52 is applied to another input terminal
of the summing circuit 44 and the output signal from
thg summing circuit is applied through a conventional
low pass filter 56 as the composite audio signal

CAUD.
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It will be appreciated that the signal from
the combiner 50 is a composite of the AUDIO A and AUDIO
B signals on the I and Q components of the carrier
5Fg/2 (39.335 KHz). The highest desired frequency in
this composite signal will be about 54.335 KHz since
the composite audio will extend a maximum of 15 KHz on
either side of the carrier (i.e. from 24.335 KHz to
54.335 KHz). Accordingly, the low pass filter 54 is
designed to pass signals below 54.335 KHz and block (or
at least substantially attenuate) all higher frequency
signals. The result is a frequency spectrum generally
indicated by the graph AUD AB' in Figqure 3 within the
baseband audio frequency spectrum.

R Similarly, the combiner 52 provides a compo-
site of the audio signals AUDIO C and AUDIO D modulated
on the I and Q components of the IOFH/Z carrier. The
center frequency of this composite audio signal AUD CD'
is at 78.67 KHz and the composite extends from 63.67
KHz to 93.67 KHz. Accordingly, when this composite
signal is combined with the composite signal AUD AB'
and the pre-emphasized normal audio NAUD', the compo-
site audio may be filtered to pass only signals at
frequencies below the highest expected frequency of
93.67 (filter 56). i

The resultant baseband audio frequency spec-
trum of the composite audio CAUD is therefore the
overall baseband spectrum shown in Figure 3. This
audio spectrum will include the pre-emphasized normal
audio signal (AUD N*') in the baseband frequency range
50 to 15,000 Hz with a flat response between 50 and
2100 Hz and an emphasized response thereafter. The
additional audio signals are included in the spectrum
in the I and Q phased, DSB-SC~AM signals centered about
the pilot frequency and twice the pilot frequency. The
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pilot signal itself is provided as part of this compo-
site spectrum and, as illustrated, the pre-emphasis of
éach additional audio signal appears as a flat response
to 2100 Hz on either side of the center frequency and a
rising slope thereafter,

The video horizontal frequency Fp and its
harmonics are shown in phantom in relation to the base-
band audio spectrum since they can pose interference
problems. For example, AM-to-PM conversion can and
does take place in the high power stages of the video
AM transmitter. These PM sidebands exist at fH' 2fg,
and higher harmonies. When intercarrier detection is
employed at the receiver, the PM sidebands around the
video carrier are intermodulated to the 4.5 MHz inter-
carrier beat used for the FM detection. Upon FM
detection the PM sidebands produce spurious tones in
the detected audio signal. For standard broadcast
system this presents no problem, since the spurious
tones are at Fp (15,734 Hz) and higher harmonics which
lie outside the 15 KHz audio band. These spurious
tones would appear as shown in phantom in Figure 3. To
eliminate them as a problem, it will be seen that the
decoder according to the present invention does not
employ an intercarrier detection, instead the audio
intermediate frequency (I F), at 41.25 MHz, is down-
converted to 10.75 MHz, filtered, amplified, limited
and then detected. Thus, there will be no significant
intermodulation of the video carrier's PM onto the
aural signal.

As was previously mentioned in connection
with Figure 1, the composite audio signal CAUD is
applied to a conventional FM exciter (modulator) and
transmitter for broadcast. Normally, the
exciter/transmitter would include pre-emphasis that,

Z WIPO 4
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with a single audio at the transmitter frequency, would
result in the pre-emphasis shown in Figure 3 for the
NAUD' signal. However, in accordance with the present
invention, a slightly different emphasis approach is
taken. Initial pre-emphasis of the baseband audio is
accémplished as was previously discussed and, in lieu
of the normal exciter pre-emphasis, the entire baseband
audio spectrum is pre-emphasized at a time constant
that will result in a flat response to the baseband
audio from 50 to a break point of about 33,000 Hz (a
break point well above the normal baseband audio range
transmitted in a television system) and an upwardly
sloping, pre-emphasized response above the 33 KHz break

5point. For the audio FM modulator or exciter of a

broadcast television system in accordance with the
illustrated embodiment, the pre-emphasis time constant
in the exciter (again accomplished through conventional
inductive loading or the like) will be modified so as
to be on the order of 4.823 sec. to achieve this 33 KHz
break point.

In addition, the FM exciter/transmitter in
accordance with the present invention is preferably set
for narrow-band operation at modulation frequencies
above the 33 KHz break point with a fall-off to wide-
band operation at modulation frequencies significantly
below 35 RKHz. This may be accomplished in any suitable
conventional manner by, for example, setting the trans-
mitter modulation index for a deviation of about 18,734
Hz when a tone at 93,671 Hz is applied at the proper
level. With this wideband low frequency, narrow-band
high frequency transmission approach, the bandwidth
occupied by the modulated transmitter carrier will be
about 189,102 Hz (2[880 + 93,671]), a bandwidth well
within the "allocated 200-250 KHz bandwidth for the
television audio signal.
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In accordance with the present invention, the
additional audio signals may be scrambled so that only
authorized or "eligible" subscribers can use the infor-
mation available in the additional audio signals. One
manner of scrambling the audio signals for secure
transmission in the case of two additional audio
signals is illustrated in Figures 4-6. ‘

Reféfring to Figure 4, a first information
signal A such as a Spanish language aural signal asso- '
ciated with the video signal being transmitted is
applied to one input terminal of a conventional elec-
tronic selector switch 60. Information signal A is
also applied to an input terminal of an identical

" selector switch 62. However, if this signal A is

applied to the normally closed (e.g. the normally con-
ducting 1 side of the switch 60, then signal A is
applied to the opposite or normally open (e.g. normally
non-conductive) side of the switch 62. In this manner,
the same control signal (e;g. a binary signal) applied
to the switches 60 and 62 will cause signal A to appear
at the output terminal of switch 60 and simultaneously
block it from appearing at the output of switch 62, and

" vice-versa, for any particular control signal level.

A second information signal B such as a

French language version of signal A is provided at a

second input terminal of the switch 60 and at the oppo-
site input terminal of the switch 62. 1In this manner,
the output signal at the output of switch 60 will be
information signal B whenever the control signal is at
one level and, at this same control signal level, the
signal B will be blocked from the output terminal of
switch 62 and signal A will appear at this terminal.

It will thus be appreciated that, for any control
signal, while signal A appears at the output of switch
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60, signal B will appear at the output of switch 62.
When the control signal changes, the opposite output
signal conditions will exist. '

A conventional pseudo random binary sequence
(PRBS) signal generator 64 provides the control signal
for the switches 60 and 62 as shown. In response to a
clock signal, the PRBS generator provides output pulses
having pulse widths that vary in accordance with a
fixed, repeating pattern. However, the pattern has no
discernable logical sequence and it repeats after a
time period sufficiently long that the overall pattern
appears to be random. o

The PRBS generator signal pattern may be

varied in accordance with an initializing code which

is, in essence, loaded into the PRBS generator by a
reset pulse RESET as illustrated. The reset pulse thus
starts the PRBS generator at a point in a pseudo-random
sequence that is determined by the initializing code,
and the pseudo random sequence proceeds from that point
in response to the CLOCK. As will be seen hereinafter,
this permits the same pseudo-random pattern to be’
simultaneously generated at a remote location using an
identical PRBS generator, clocked in phase with and at
the same rate as the CLOCK signal and initialized by
the same initializing code at the same reset time
(relative to the timing of the audio received, of
course).

The PRBS generator may also be enabled and
disabled by the respective STV signals. The STV signal
enables the PRBS generator to generate a pseudo-random
sequence and thus scramble the signals A and B, and the
STV signal disables the PRBS generator and eliminates
scrambling.

~WIrPO
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It will be appreciated that if only two addi-
tional audio signals are provided as shown in Figure 4,
only the NAUD' and AUD AB' portions of the baseband
audio spectrum need be utilized. Similarly, only the
AUDIO A and AUDIO B channels of the encoder and com-
biner 12 of Figures 1 and 2 need be provided. Of
course, it should also be noted that with only two
additional audio signals, the AUDIO A and AUDIO C
channels of the encoder and combiner 12 may be utilized
and the two additional audios transmitted with only I
modulation thereby additionally eliminating the com-

biners 50 and 52.
Figure 5 graphically shows the timing and

‘signal content AUDIO A and AUDIO B signals provided by

the scrambler of Figure 4 in relation to the control

signal from the PRBS generator 64 in the scramble or .
STV mode. When a binary ONE signal level is provided

by the PRBS generator, the AUDIO A signal contains the
information signal B while'the AUDIO B signal contains

the information signal A. When the PRBS generator

output signal switches to a binary ZERO level, the

AUDIO A signal contains the information signal A and

the AUDIO B signal contains the information signal B.

- It can be seen. that neither the AUDIO A nor
the AUDIO B signal contains an entire information
signal but, together they contain both information
signals in their entireties. Since both the AUDIO A
and AUDIO B signals are transmitted, a proper reversal
of the scrambling process provides each information
signal in its entirety and, with relatively simple
filtering, without perceptible distortion. It will
also be seen that proper reversal cannot be accomp-
lished without the proper initializing code, the proper
reset pulse and the proper clock signal (in addition to

Qv WIPO &
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an audio receiver capable of receiving and detecting
the additional audio transmissions). Scrambling is
therefore extremely secure even with only two audio
signals added to the normal audio.

Of course, when four additional audio signals
are’provided and scrambled, unauthorized unscrambling
is practically impossible. For example, four informa-
tion signals, SIGNAL A - SIGNAL D, may be applied to an
encoder (scrambler) in accordance with -the present
invention as illustrated in Figure 6. The illustrated
encoder includes four switching circuits 68-A-D (e.g. a
switch matrix) each connected in a conventional manner
to select one of four input signals as an output

" signal. It will be appreciated that the switching

circuits are controlled such that, at any instant, each
of the four information signals is selected as an
output signal from only one switching circuit as in
shown graphically in Figure 7. -
In Figure 6, the switching circuits 68
receives the four additional information signals,
SIGNAL A-D, and selects one as the output signal AUDIO
A in response to control signals "0-3". The "0" con-
trol signal closes a switch "0™ in the circuit 683,
connecting the first input terminal to the output ter-
minal and thereby causing SIGNAL A to be applied to the
output as the AUDIO A signal. Similarly, the control
signal "1" closes an associated switch "1" in the
circuit 68A, connecting the second input terminal to
the output thereby applying SIGNAL B to the output.
Control signal "2" connects the third input terminal
(SIGNAL C) to the output terminal and control signal
"3" connects the fourth input terminal (SIGNAL D) to

the output terminal.
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The control signals "0-3" are generated in
any suitable conventional manner in response to the
PRBS signal from the PRBS generator of Figure 4., For
example, the PRBS signal and the CLOCK signal previ-
ously described in cénnection with Figure 4 may be
applied to a logic circuit 70 comprising conventional
logic gates. The logic circuit produces the "0"
control signal (e.g., the "0" control signal assumes a
high signal level while the "1-3" signals remain low)
in response to simultaneous binary ZERO logic levels in
the PRBS and CLOCK signals. The "1" control signal is
produced when the CLOCK signal is a binary ONE and the
PRBS signal is a binary ZERO. The "2" control signal

‘is produced when the CLOCK signal is a binary ZERO and

the PRBS signal is a binary ONE, and the "3" control
signal is produced when both the CLOCK and PRBS signals
are binary ONE. 1In this regard, the logic circuit 70
operates like a conventional binary to decimal

decoder.

The information signals, SIGNAL A-SIGNAL D,
are also applied to the'switching circuits 68B-68D, but
different input terminals of each switching circuit.
Thus, while each switching circuit 68A-68D is identical
and makes the identical connections for a particular
control signal, the output signal of each will be 4dif-
ferent for a particular control signal. As can be seen
in Figure 7, for example, when the CLOCK signal is high
(binary ONE) and the PRBS signal is low (binary ZERO),
the control signal "1" is generated and the respective
B, A, D and C information signals are supplied as the
AUDIO A, AUDIO B, AUDIO C and AUDIO D output signals.
Each time the clock and/or the PRBS generator outut
signal changes, the information signal contained in the
audio output signal changes in a seemingly random

manner.
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The encoder embodiment illustrated in Figure
6 operates with equal time increments between audio
signal content changes, rather than the pseudo-random
increments produced in accordance with the two signal
embodiment of Figure 4. The encoding therefore resides
in the pseudo-randomness of the audio signal content
rather than in the timing. However, it should be noted
that an additional element of security can be provided'

.in the four signal embodiment by introducing pseudo-

random time intervals between signal content changes as
well as the illustrated pseudo-randomness of the
content. This may be accomplished, for example, by

employing a second pseudo-random bit sequence generator

in place of the CLOCK signal as an input to the logic
circuit 70 or in any other suitable manner.

Figure 8 illustrates in greater detail one
embodiment of the audio decoder and selector and con-
trols 30, 32 at the subscriber location in the Figure 1
embodiment. Referring to Figure 8, the composite audio
signal CAUD (I.F.) at the intermediate frequency of the
FM receiver (indicated at 24 in Figure 1) and as pre-
emphasized by the FM exciter/transmitter at the televi-
sion station is applied to a conventional double
balanced mixer 80 together with a local oscillator
signal L.0. The composite audio signal in the illus-
trated embodiment is at a 41.25 MHz intermediate
frequency and is mixed with a 30.5 MHz local oscillator
signal. This provides a composite audio at an
intermediate frequency (I.F.) of 10.75 MHz (as well as
cther mixer products) at the output of the mixer 80.

The I.F. signal from the mixer 80 is applied
to a conventional bandpass amplifier-limiter 82, and
the output signal from the limiter 82 is applied to a
conventional discriminator 84. The bandpass amplifier-
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limiter 82 and the discriminator 84 are designed for
operation at the 10.75 MHz intermediate frequency. The
composite audio at the 10.75 MHz I.F. is conventionally
filtered, amplified and limited by the circuit 82 and
the FM is conventionally detected by the discriminator
84 ie.g., by quadrature FM detection techniques). The
resultant output signal from the discriminator 84 is
thus the pre-emphasized composite audio signal. A
conventional de-emphasis circuit 86 with a 4.8228y
second time constant (33 RHz break point) to match that
of the exciter/transmitter, de-emphasizes the composite
audio signal to produce the composite audio CAUD that
was provided at the output of the audio encoder and
combines 12 of Figures 1 and 2.

The illustrated embodiment of the audio
decoder and selector 30 of Figure 8 is arranged to
handle four audio signals in addition to the normal
audio signal. The normal audio signal is detected in
the composite audio CAUD simply by filtering through a
low pass filter 88 with an upper cutoff frequency of 15
KHz. The signal from the filter 88 is the NAUD' signal
of Figure 3 and, after de-emphasis by a conventional
de-emphasis circuit 90 having a 75y second time con-
stant (2.1 KHz break point), this signal is the normal
audio signal NAUD with a flat frequency response. This
NAUD signal is applied to one input terminal of a con-
ventional two input terminal selector switch 92 desig-
nated STV switch in Figure 8.

The composite audio signal CAUD is also
applied to a bandpass limiter 94 to detect the 39.335
KHz pilot tone and to four identical audio channels
each including a conventional bandpass amplifier 96 and
a conventional double-balanced mixer 98. The ampli-
fiers 96 and the mixers 98 are labeled 96A-96D and 98A-
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98D, respectively, to designate the audio signal
channels with which they are associated. Each of the
bandpass amplifiers is designed with a lower cutoff
frequency of about 24 KHz and an upper cutoff frequency
above the highest frequency of the composite audio in
ordéf to pass only the AUD AB' and AUD CD' signals
(Figure 3). '

The pilot tone detected by the bandpass
limiter 94 is applied to a conventional quadrature
carrier generator 100 which generates the in-phase and
quadrature carrier signals at the frequencies SFH/Z and
1OFH/2. The in-phase carrier signal at the carrier
frequency SFx/2 from the generator 100 is applied to

" the mixer 98A while the quadrature signal at this fre-

quency is applied to the mixer 98B. The in-phase and
quadrature carriers at the frequency IOFH/Z are applied
to the respective mixers 98C and 98D.

The output signals from the mixers 98A-98D
are the respective baseband audio signals AUDIO A -
AUDIO D as pre~emphasized by the respective circuits
42A-42D of Figure 2, These signals may be appropri-
ately filtered (not shown) to remove demodulation com-
ponents above 15 KHz and applied to the input terminals
of an audio program selector switch 102. The audio
signal selected by the switch 102 is appropriately de~
emphasized 'by a conventional de-emphasis circuit 104
having a time constant of 75 seconds. The selected
audio output signal, after de-emphasis, is then applied
to the STV input terminal of the switch 92 for
selection as the audio output signal in STV mode.

In a system according to the inventicn
wherein the additional audio signals are transmitted in
an unscrambled form, the switch 102 may be a simple
electronic or mechanical switching arrangement which
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merely selects a desired one of the four AUDIO
signals. Further selection between the normal audio
signal and the selected one of the additional audio
signals may be accomplished in a similar manner by the
switch 92 or by adding switch contacts to the switch
102:' Moreover, one or more of the additional audio
signals may be selected for application (or available
at all times) at an output jack on the decoaer. Thus,
for example, a sound track transmitted in stereo may
have one channel transmitted as the normal audio signal
and the other as the AUDIO D signal, with the AUDIO D
signal available at the auxilliary jack. Similarly,
information to operate a piece of peripheral equipment

"may be provided at the auxilliary jack.

In an STV system, the normal audio signal
will be an unscrambled signal as shown in the illus-
trated embodiment and will be selected as the audio
output signal whenever the STV selection signal (e.g.
an STV selector switch controlled by the subscriber) is
in the "NON-STV" mode (STV). Ordinarily in STV opera-
tion, the normal audio signal is a barker signal and
the video signal is scrambled. Until the video signal
is accepted by the subscriber for unscrambling, how-
ever, a scrambled video will appear on the television
display. When the subscriber selects the STV or
unscrambling mode, the video signal is unscrambled and
the selected one of the additional audio signals is
provided as the audio output signal. Of course, it
will be appreciated that this audio selection approach
responsive to the STV signal may be used whether or not
the additional audio signals are scrambled, but it is
contemplated that they will be scrambled to add an
extremely high level of security to the system.
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In an STV system or other subscriber system
where it is desirable to transmit the additional audio
signals in a scrambled form (e.g. as shown in Figures
4-7), the audio program selector switch may include an
unscrambling circuit controlled by the audio select
sigﬁals. For example, the subscriber may insert the
initializing code in his decoder and this code may be
applied to a conventional PRBS generator identical to
that at the transmitting station (see Fig. 4). Alter-
natively, this code may be transmitted to the
subscriber location on a periodic basis over telephone
lines as in U.S. Patent No. 4,163,254 assigned to the
assignee of this invention or by addressing each

~ decoder and providing the code as part of the trans-

mitted signal as is discussed hereinafter. The CLOCK
and RESET signals required for the PRBS generator of
Figqure 4 may be derived from the transmitted video
signal or may be special codes inserted in this signal
(e.g. in the vertical retrace interval).

Accordingly, a PRBS generator synchronized
with the PRBS generator at the transmitter site is
provided in the decoder. For example, the decoder and
selector control 32 of Figure 1 may include such a PRBS
generator 110 as shown in Figure 9. The PRBS signal
may be applied to a logic circuit 112 such as that
previously described in connection with Figure 6 to-
produce, in conjunction with the CLOCK SIGNAL, the "0-
3" control signals. In this connection, the audio
program selector switch 102 of Figure 8 may include a
switching matrix such as that shown in Figure 6 to
reverse the encoding process in response to the "0-3"
control signals and thus provide the information
signals, SIGNAL A - SIGNAL D. A selector switch 114
may be turned by the subscriber to provide signals A,

PreTi
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B, C or D and thereby conventionally select the desired
one of the audio information signals at the output of
the switch 102 of Figure 8. The A, B, C and D signals
may be sampled at the switch 114 to provide the SV
select signal STV and STV or a separate subscriber
switch may be provided for this purpose.

It will be appreciated that the provision of
four audio signals in addition to a normal audio signal
is accomplished within the normal television audio
signal band and the overall television band allocated
to a single television channel and therefore provides
numerous advantages both in normal, non-subscription
television systems and in subscription systems. 1In a

" non-subscription system, a television program can be

transmitted with the normal audio signal containing the
English language program soundtrack while the addi-
tional audio signals may contain a Spanish language
soundtrack, a French language soundtrack and/or other
languages from which the viewer can choose. 1In an area
with a mix of English speaking and Spanish speaking
residents such as Los Angeles, the normal audio signal

.can transmit one language while one additional audio

signal simultaneously provides another. 1If, in addi-
tion, there is a large Japanese population, this
language may be provided in yet another of the addi-
tional audio signals. Simultaneously, the remaining
audio signals may contain captioning information to
drive a character generator and provide captions for
insertion into the video, and/or information for other
services such as a facsimile service, a news or stock
exchange service (e.g., in conjunction with a printer
driven by the information signals in the received addi-

tional audio signals, etc).




WO 82/01109 ' PCT/US81/01261

10

15

20

25

30

-32-

These latter type of services are likely to
be subscription services paid for on a periodic basis
or on the basis of use. For subscription services, it
may be desireable to scramble the additional audio |
signals so that onlyAeligible subscribers can use the
transmitted information even though the accompanying
video signal may not be scrambled. In other words, a
subscription service may include just the additional
audio signals and the basic television service over
that channel (i.e. normal audio and video) may remain
unchanged.

In such a subscription system, each use of an

~additional audio signal may be recorded for billing

purposes. The billing information may then be col-
lected on a monthly basis. At this same time, the
codes necessary for unscrambling the audio signals may
be chariged after it has been confirmed that the sub-
scriber is still eligible to receive the subscription
audio programs and/or services.

In accordance with another aspect of the
present invention, a flat monthly rate may be charged
for programs and services, but different types of pro-
grams and services are priced at different levels and
the subscriber then pays in accordance with the types
of programs and/or services to which he subscribes.

As is shown in U.S. patent application Serial
No. 920,846, now patent 4,225,884, of Robert S. Block
et al assigned to the assignee of the present invention
(the disclosure of which is hereby incorporated herein
by reference), program identifying signals may be
transmitted with the program signals and only those
program signals that have certain identifying codes for
which the subscriber has corresponding codes can be
used at the subscriber station. 1In the Block et al
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system, the program identifying signals in the program
inforhation signals are detected and compared with
signals that are locally generated by the subscriber's
"category selector". Thus, a subscriber with a cate-
gory selector that includes codes for all categories of
prog}ams can receive and unscramble all of the programs
transmitted;' However, a lock-out feature provides the
subscriber with the capability to prevent unauthorized
unscrambling of certain categories of programs.
Similarly, in accordance with one aspect of
this invention, program identifying codes may be trans-
mitted with the program signals (i.e., with the tele-
vision programs including audio and video or just the

special audio services). These transmitted codes are

detected at the subscriber location and compared with
locally generated signals in order to determine whether
or not a subscriber is eligible to unscramble that
particular program. As in the Block et al patent
application, these program identifying signals may be
different for each program and thus identify each pro-
gram individually (so that they may also be used for
billing, for example) or may be different only for
different categories of programs. Alternatively, the
category code comparator may be set to accept a
plurality of different program codes as falling into
one category of viewer eligibility. The category
approach to coding or comparison is preferred for the
sake of simplicity in a flat fee billing system of the
type contemplated but either approach may be used.
Moreover, it should be understood that the program
identifying signals may also serve as the codes used
for scrambling and unscrambling the program signals.
Thus, for example, by using different identifying codes
for different program categories and providing the
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subscriber with only those identifying codes selected
in advance of a viewing period, the subscriber is
1imi£ed to viewing and/or using only those categories
of program or audio services with the pre-selected
identifying codes.

As was mentioned above, the identifying codes
are provided'to the subscriber decoders in accordance
with one embodiment of the invention by separately
addressing the decoders and loading these codes through
transmission of a decoder address for each subscriber
followed by the codes of the categories of program that
subscriber is eligible to use.

As is shown in Figure 10, assuming that the

 address and eligibility codes are transmitted as part

of the video signal (e.g. in the vertical interval), a
remote tontrol, all channel tuner 120, preferably of a
conventional electronic type, controls the channel
tuning of the AM receiver 122 of the aAM and—FM
receivers 16 of Figure 1. The unscrambled or scrambled
video signal VID (SVID) from the receiver 122 is
applied to an address detector and comparator 124 and
to a code detector and memory 126. The address detec-
tor and comparator detects addresses in the incoming
video signal and compares the detected addresses with a
stored address assigned to that subscriber decoder.
When a successful comparison is made, the address
detector and comparator 124 enables the code detector
and memory 126, and subsequent codes in the video )
signal are detected and stored in memory for use by the
video and/or audio decoders 26 and 30. .

In the illustrated embodiment, the CLOCK and
RESET signal used for the audio decoder and selector 30
are also transmitted as part of the video signal. For
example, the CLOCK signal may be the vertical or hori-
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zontal sync pulse or a coded periodic signal transmit-
ted in the vertical retrace interval. Similarly, the
RESET signal may be a particular sync pulse or a
special code transmitted in the vertical retrace inter-
valﬂ Accordingly, the video signal VID (SVID) is also
applied to a sync or code detector 128 to generate the
CLOCK signal and to a reset code detector 130 to detect
the RESET signal. This video signal is also applied to
the video decoder 26, as shown in Figure 1, which
unscrambles the SVID signal in a scrambled video
system.

It should be noted that it will probably be
necessary to demodulate (detect) the video signal in

order to produce baseband video if the address and

codes are transmitted therein. Accordingly, a separate
video detector (not shown) may be used ahead of the
address detector and comparator 124 and the other code
detectors 126, 128, and 130. It may, however, be
nécessary to obtain the baseband video for the purpose
of unscrambling the video (e.g., where video inversion
is used for scrambling or where it is necessary to
reconstitute the sync to prévide a proper video signal
to the TV set). Accordingly, a more practical approach
may be to use the baseband video signal from the video
decoder 26 for application to the address and code
detectors 124, 126, 128 and 130 rathe£ than the VID
(sVID) signal as shown.

With continued reference to Figure 10, the
power switch 132 on the subscriber decoder is connected
so that power is continuously supplied to the circuits
120-130 (and the video decoder 26 if it provides the
baseband video signal to the detectors 124-130). The
power switch 132 also supplies an OFF signal to the
tuner 120 in order to provide an indication of when the
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subscriber tuner is turned off. This OFF signal con-
trols the tuner in a conventional manner so that the
tuner is set at a predetermined television channel
setting (e.g. channel 3) whenever the power switch is
off.

’ It is contemplated that the categories of
programs to which a subscriber indicates a desire to
subscribe will be stored in that subscriber's decoder
either at initial installation or by addressing the
decoder after installation. However, the subscriber
may wish to add or delete categories after a period of
use. Accordingly, shortly after installation and/or at
other times prior to the beginning of a new viewing

"period when a subscriber has indicated a desire to

change category eligibility, an address code for that
subscriber's decoder is transmitted as part of the
video signal. The address code in the video signal is
detected and compared with a stored addréss by the
address detector and comparator 124. If the addresses
match (preferably within certain tolerances) the code
detector and memory 126 is,enabled by the ENB signal
and category codes following the address code are
detected and stored in memory by the code detector and
memory 126. These stored category codes permit the
subscriber's decoder to successfully unscramble and use
scrambled signals in one category but not in another
category. For example, the category codes may be in
the form of initializing codes for the audio decoder
and selector 30 and/or unscrambling codes for the video
decoder 26. Alternatively, the initializing codes and
unscrambling codes for the audio and video decoders may
be provided in another manner so that they may be
changed more frequently than the category codes. Of
course, if the category codes for the various categor-
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ies are changed on a periodic basis, this security
concern is alleviated. If this latter approach is
taken, for example, the category codes stored by the
circuit 126 may be compared with category codes in the
received signal to either enable or inhibit unscrambl-
ing of that signal.

It will be appreciated that the scrambling
and I/Q transmission technique set forth herein may be
applied to the secure transmission of signals other
than video. For example, video signal transmission via
satellite may employ in-phase and quadrature components
of a carrier signal and alternate modulation of those
components with two different video signals for secure.

satellite transmission., Moreover, it will be appreci-

ated that the scrambling codes for video and/or audio
information may be produced and transmitted in a
variety of ways.

For example, the PRBS generator at the trans-
mitting location may be free-running and its present
state may be transmitted periodically so that the PRBS
generator at the receiver can be synchronized with that
at the transmitter. Also, the PRBS codes may be pro-
vided in a number of ways including by transmission in
the video signal as discussed, or in the'audio.
signal.

From the foregoing description, it will be
made clear that the present invention may be embodied
in other specific forms without departing from the
spirit or essential characteristics thereof. The pre-
sently disclose embodiments are therefore fo be
considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated
by the appended claims rather than the foregoing
description, and all changes which come within the
meaning and range of equivalency of the claims are
therefore intended to be embraced therein.
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WHAT IS CLAIMED IS:

1. A method of operating a television system
characterized by the steps of:

. transmitting, within a single television
channel bandwidth, a television video program signal
and a plurality of television audio program signals
each associated with said video program, signal;

receiving the transmitted television video
and plurality of audio program‘signals; and
. selecting any one of the plurality of televi-
sion audio program signals and supplying the selected

~one of the plurality of audio program signals, together

with the television video program signal, to a televi-
sion video display and sound producing means.

2. A method of operating a television system
accofding to claim 1 wherein the step of transmitting
is characterized by:

transmitting a television audio program
signal and a television video program signal within
respective normal television audio and video signal
frequency bands of an overall television frequency band
allocated for transmission of a single television chan-
nel, said audio and video program signals being trans-
mitted at respective normal audio and normal video
center frequencies assigned for normal transmission of
the respective audio and video signals within said
normal television audio and video frequency bands;

simultaneously transmitting at least two
additional audio signals within said overall television
frequency band and at least one center frequency lying
within the television audio frequency band, said at
least one center frequency being displaced from the




WO 82/01109 - PCT/US81/01261

10

15

20

25

-30-

normal audio center frequency by an amount such that,
in the transmission thereof, the two additional audio
signals at said at least one center frequency do not
interfere with the television audio or video program
signals and do not exceed the limits of the overall

television frequency band.

3. A method of operating a television system
according to claim 1 characterized in that plurality of
audio program signals are transmitted at center
frequencies displaced from one another by an amount
such that, in the transmission thereof, the plurality
of audio program signals do not interfere with each

" other.

4., The method of operating a television
system according to claim 2 characterized in that said
at least two additional audio signals are transmitted
by modulating with the additional audio signals an in-
phase and a quadrature component of a carrier signal
having said at least one center frequency.

5. The method of operating a television
system according to claim 4 characterized in that said
at least two additional audio signals are scrambled by
modulating the in-phase component of the carrier signal
with one of the additional audio signals while simul-
taneously modulating the quadrature component with the
other of the additional audio signals, and periodically
reversing the modulating signal so that the other of
the additional audio signals modulates the in-phase
component of the carrier signal and vice-versa.
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6. The method of operating a television
system according to claim 2, 3, 4 or 5 characterized by
the further steps of:

receiving the normal television video signal
frequency band and detecting the television video pro-
gram signal;

receiving the normal television audio signal
frequency band and detecting the television audio pro-
gram signal and the two additional audio signals;

selecting the television audio program signal
or one of the two additional audio signals for produc-
tion of sound; and

producing a television display in.response to
the detected television video program signal while
simultaneously producing sound in response to the
selected one of the three audio signals.

7. The method of operating a television
system according to claim 1, 2, 3, 4 or 5 character=-
ized in that each of the plurality of television audio
program signals is in a different language.

8. A method for operating a television 7
system according to claim 1 or 2 characterized in that
the step of transmitting includes the steps of:

transmitting the video program signal in a
first frequency band;

transmitting in a first form within a second
frequency band one and then another of the plurality of
audio signals in a sequence of time intervals such that
parts but not all of each of the two audio signals are
transmitted in the second frequency band in the first
form:

REATY
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transmitting within said second frequency
band, in a second form distinguishable from said first
form, said one and then said another of the audio
signals in said sequence of time intervals such that
the,one of the audio signals is transmitted in a time
interval in the second form while the other is being
transmitted in a time interval of corresponding length
in the first form and vice-versa, parts of the one and
the other audio signals not transmitted in the first
form thereby being transmitted in the second form so
that the two audio signals are transmitted in their
entireties in the second frequency band but are trans-
mitted in part in the first form and in part in the

‘second form.

9. A method for operating a subscription
television system according to any one of claims 1-5
characterized in that the television video signal is

scrambled.

10. A method for scambling a plurality of
input signals for secure transmission thereof charac-
terized by the steps of:

modulating an in-phase component of at least
one carrier signal in response to one and then another
of the plurality of input signals in a sequence of time
intervals such that pérts but not all of said one and
another of the input signals are carried by said in-
phase component;

modulating a quadrature component of said at
least one carrier signal in response to said one and
then said another of said plurality of input signals in
said sequence of time intervals such that parts but not
all of said one and another input signals are carried
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by said quadrature component and such that said in-
phase and quadrature components together carry said two
input signals in their entireties; and

combining said modulated in-phase and quadra-
ture components for transmission.

11. The scrambling according to claim 10
wherein said sequence of time intervals comprises time
intervals that vary in duration in a predetermined,
pseudo-random manner.,

12. The scrambling method according .to claim
10 or 11 characterized in that said input signals both

"are information signals, and one information signal is

an audio program signal associated with a television
video program.

13. The scrambling method according to claim
10 or 11 characterized in that at least two input
signals are provided and both of said input signals are
audio program signals associated with a television
video program and wherein one audio program signal is
in a first language and the other audio program signal
is in a second language.

14. The scrambling method according to claim
10 characterized in that said one and another of said
input signals vary in frequency within approximately
the same frequency band and comprising the further
steps- of modulating a second carrier signal with the
combined in-phase and quadrature components of said at
least one carrier, and transmitting said modulated
second carrier.
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15. The scrambling method according to claim
10 including the further steps of unscrambling said one

and another of said input signals by:
demodulating the modulated in-phase and
quadrature components of the carrier signal;

’ providing the parts of the demodulated in-
phase component containing said one input signal as a
first output signal and the parts containing said
another input signal as a second output signal; and,

providing the parts of the demodulated
quadrature component containing said one input signal
as said first output signal and the parts containing
said another input signal as said second output signal.

16. The scrambling method according to claim
10 characterized by the further steps of unscrambling
said one and another of said plurality of input signals
in the in-phase and quadrature components of the

carrier signal by:
demodulating the in-phase and quadrature

components of the carrier signal;
alternately applying the demodulated in-phase

component and the demodulated quadrature component of
the carrier signal to an output terminal in accordance
with said sequence of time intervals.

17. The scrambling method according to claim
15 or 16 characterized by the fact that said seguence
of time intervals comprises time intervals that vary in
duration in a predetermined, pseudo-random manner.

18. The scrambling method according to claim
15 or 16 characterized in that said one and another of
the input signals both are information signals, and one
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information signal is an audio program signal associ-
ated with a television video program.

19. The scrambling method according to claims
15 or 16 characterized in that both said one and
another of said input signals are audio program signals
associated with a television video program and wherein
one audio program signal is in a first language and the
other audio program signal is in a second language.

20. The scrambling method according to claims
15 or 16 characterized in that said one and another of
the input signals vary in frequency within approxi-
mately the same frequency band and comprising the
further steps of modulating a second carrier 51gnal
with both the modulated in-phase and quadrature compon-
ents of said at least one carrier, and transmitting
said modulated second carrier.

21. Apparatus for performing the method of
claim 1 characterized by:

a television transmitting means for transmit-
ting, within said single television channel bandwidth,
said television video program signal and said plurality
of television audio program signals each associated
with said video program signal; and, )

receiving means for receiving the transmitted
television video program signal and the plurality of
television audio program signals and for selecting any
one of the plurality of audio program signals, together
with said television video program signal, for produc-
tion of a television video display and accompanying
sound.
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22. An apparatus according to claim 21
wherein said television transmitting means is charac-
terized by means for transmitting a television audio
and video prbgram signal within respective normal
television audio and video signal frequency bands of an
ove}all television frequency band allocated for trans-
mission of a single television channel, wherein said
audio and video program signal are transmitted at a
normal audio and video center frequencies assigned for
normal transmission of the respective audio and video
signals within said normal television audio and video
frequency bands, and means for simultaneously transmit-
ting at least two additional audio signals within said
overall television frequency band and at least one
center frequency lying within said television audio
frequency band, said at least one center frequency
being displaced from said normal audio center frequency
by an amount such that, in the transmission thereof,
the two additional audio signals at said at least one
center frequency do not interfere with the television
audio or video program signals and do not exceed the
limits of the overall television frequency band.

23. The apparatus according to claim 22
wherein said means for simultaneously transmitting said
two additional audio signals is characterized by means
for modulating, with the additional audio signals, an
in-phase and a quadrature component of a carrier signal
having said at least one center frequency.

24, The apparatus according to claim 23
wherein said means for simultaneously transmitting said
two additional audio signals is characterized by means
for modulating the in-phase component of the carrier
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signal with one of the additional audio signals while
simultaneously modulating the quadrature component with
the other of the additional audio signals, and means
for periodically reversing the modulating signal so
thag the other of the additional audio signals modu-
lates the in-phase component of the carrier signal and

vice-versa.

25. The apparatus according to claim 22, 23
or 24 further characterized by:

means for receiving the normal television
video signal frequency band and detecting the televi-
sion video program signal; -

means for receiving the normal television
audio signal frequency band and detecting the televi-
sion audio program signal.and the two additional audio
signals;

means for selecting the television audio
program signal or one of the two additional audio
signals for production of sound: and,

means for producing a television display in
response to the selected television video program
signal while simultaneously producing sound in response
to the selected one of the three audio signals.

26. The apparatus according to claim 25
wherein the normal television audio program signal is
in one language and at least one of the additional
audio signals is in another language each language
being a soundtrack associated with the television video
program signal.

27. A television audio and video program
signal transmission system according to the method of
claim 1 characterized by:
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- first and second sources for at least two
different audio signals and a third source for at least
one television video program signal;

first transmitting means for transmitting the
videp program signal in a first frequency band;
second transmitting means for transmitting in
"a first form within a second frequency band one and
then the other of the audio signals in a sequence of
time intervals such that parts but not all of each of
the two audio signals are transmitted in the second
frequency band in the first form, said second transmit-
ting means including means for transmitting within said
_second frequency band, in a second form distinguishable
from said first form, one and then the other of the
audio signals in said sequence of time intervals such
that the one of the audio signals is transmitted in a
time interval in the second form while the other is
being transmitted in a time interval of correspondind
length in the first form and vice-versa, parts of the
one and the other audio signals not transmitted in the
first form thereby being transmitted in the second form
so that the two audio signals are transmitted in their
entireties in the second frequency band but are trans-
mitted in part in the first form and in part in the

second form.

28. The system according to claim 27 wherein
said second transmitting means is characterized by:
means for generating in-phase and quadrature

components of a first carrier signal;
means for modulating said in-phase component

with said one and the other of said audio signals to
produce said first form; and,
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means for modulating said quadrature compon-
ent with said one and the other of said audio signals
to produce said second form distinguishable from said
first form.

3

29, The system according to claim 28 charac-
terized by:

means for combining the modulated in-phase
and quadrature components of said first carrier signal;
and,

means for modulating a second carrier signal
with the combined components from said combining

. means.

30. The system according to claim 27, 28 or
29 characterized by meansrfor generating said sequence
of time intervals such that said time intervals vary in
duration in a pseudo-random manner.

OrfPl
I&',,, .._\"rIPO, -\\\\’




PCT/US81/01261

WO 82/01109

1/6

1914

- 0HIN) 00IN3
: DA 030IA
430083 4
{QIASTOIA 0301A
% IN0S TYNIIS
SINN any oA 0301A
_ ' SIO4INO)
.w.@@uu.—. NINVHOIN feo! HOL9IS ONY o“ 8l
a | onmme | ! 8300230
T ¥ ' OHINDD 300IN3
" m “ . - 1Y olany
LB B "
“ '
“ | N, 70un0s
' i NOIONY | JyNois o1ony
0193135
o : . N
VNN 10,00V ] “gigny Janlfanyd ; .
~ T greLymoon ) pg A STy v A L 838005
g ‘ SU3AI3Y NI [T Gw)l  ¥3000N3 goionv | TyN9IS OlonY
§300230 NIONY RIORY olany o
{ ] ‘ R T §
82 o W2 9) A ¥ 398005
voionv | vNoIS otony
2 |- YOI
. 304008 TYNOIS
010NV'N | 010Ny TvmuoN
o~
NOILY301 ¥3814DSENS : NOILVIS NOISIAITIL




PCT/US81/01261

WO 82/01109

/6

o

4oLy Ingon
01010nY
ONYEISYE
311504w03)

any?

-

YINIGN0)D
ONYy
Y300)N3
o1any

L

H119'¢6
id1

)
96

144

02 any

A

0s

:..||||||....||..|||Ir|.
i
!
|
|
!
i 2y
e G
LT N39 ™ 107
7 HINHY)
=35 | smvanvio !
ev&ﬂ: "
sy , - |
0
sdgyz) 000'S1-08 Ar aoienv
dN3-344 EIRIE) “
a2y a0y _
| . !
1
gL =) ' =- e
- @!l proefll oo LU S RRTTY
W "
b4
sigr=y 00061 -06 |=-'<
0 AMYI dN3-34d wany | ! B 0iany
a2b a0y _
]
CITH N
000'61-05 |—= voIany
1 @" dn3-34d gy | |
vy YOV !
of Iy _
| fsi=) 000'51-06 ke QIONY N
QN gw3-384 W |
g v |

FAN I



PCT/US81/01261

WO 82/01109

3/6

{ALS) y
° AIS
b9
{SBUd)HOLVYINGY = 135TY
3ININDIS ALVNIG L 110Y
| ROONVY 00N3Sd j=———0  y901)
VTV 8 v e v g Ty | toanv o 3007
ONIZIVILNI
.d.m.uT" m t < n@n <u m t < .m <O_Q=<
L | L | | somd
e . o)
o _ " g IVNOIS
214 N o (HSINWS)
Lo v YNOIS
09
. Y oid
NNLI3AS 010NV ONVEISVRC ‘T -]
IHY~AININDIY 4 .
0166 06 8 08 & o 9 09 6 06 &% O ¢ 06 @ 0 o 0§ 120
0¥
m
=
3
(2/M36) 10T Bvanv 01 =
w0 on wn w no [5,] ”
F F F F & - F

(0} 5831
ITROY

?,\jREAU

L 3




PCT/US81/01261

WO 82/01109

— 3N .
[N e " L a " i 2 e " I vy .r . 2 n
S I R T I T I R B A A v 8 e
- =
TVvE veE velagv el I g v i
G At 4 A X N . N \ . . N ==
vV B e YR )0V g 90 vV aveg JTavE
\==d

e, , . . =
Y0 Y00 ve T oy v e avig
TI_ B
LI &

L L] L L1 L 1 g

AR E |

Y
a010nY e——] 1IN f=p
ONIHILIMS
89| J
8
- Howy [y
J01anv INIHILINS i
T J
289
Kmmw
: )
G0I0NY == oy 18
. ONIHILIMS
a
¢ 1201
L
il o
A 0 . SaNd
oot 0L -~
A WIS
vony=———-— 1 o LD 2 WIS
Al ,o..w-- ] 3IVN9IS
V89 ’ ] VIVNDIS
Li0JuH1D
ONIHOLIMS

2 JIA



PCT/US81/01261

WO 82/01109

T e T e e e e e i e e et wmemn e Gt famm G mie M e e e e m— —— — - —

L o117135

|
| o) MS
_ e
ol 193735
" %_wﬁum [ L oianv
| ¥300230 0I0NY ! “
| a oiany _
_ 186 196 _
_ N |
AL 006 E% |
0100 |
Aoy, |
_ |
|
| J010ny 295 "
© I 286 I
~ | ALS DISNG /| L] !
dn3-30 |
wn |
HOLINS . |
“ ﬁ%w%w mos_zma 896 szwm._.mm_ _
: - LIAN - :
_ 0100y NI ssvdNye || | 8914
! | 06>H3 & JNLVHAVND , |
_ 201 — b6 !
100 | | HoLms j N |
] ALS . P ! [ _
“ 07Hi 00! _
_
I
A V00Wygg v96 | (2w goE)
0e-" e
_ )
-98 TeT .
e IR L ETTVN SRS Y B HWSLOI 3N any _m_u_uww_us
| =] ONV'N | dn3-30 | 884 447 | onvd| dW3-30 | pg-| MHISIQ | 28|  SSvdONW
(I

T e meen G e e ee mem mma o e = e - —- m— ——— —




WO 82/01109 PCT/US81/01261

6/6
FIGO
E
l"'“’--_"_-—_"-_"—"——"‘l' _______ ‘|___
1
T . e ey
*
b /” 4 —@STV : SV criEcT
1N 7AUDIO SELECTOR :
' SWITCH ]
A o y »{
: B o | -
1 T ¢ : —»j
i ! AUDIO
1 ! b
G| ) v -
1 0 f
I { -
; PRBS clrcum 2 . -?
T ! GENERATOR - 3 ‘ -3
; DECODER AND |
| ! SELECT CONTROLS 1
e - - - ——— ——— — ————— - - - — e d
"F1GI1O
%
]
| VIDEO » VIDEO
DECODER ouT
120 122 2 . :
| / ,
REMOTE AM ADDRESS .
CONTROL ALL RECEIVER VDSV .l pETECTORS :
CHANKEL TUNER (VIDEO) COMPARATOR !
1 v {
Z| ! 3
g m T ’ 0000
[ | DETECTOR & INITIALIZING COD DECODER |-AUDID_
POWER MENORY caud —JanpseLecior] OV
SWITCH (LE) ' [
28
SN lCLock
"1 DETECTOR
130‘
RESET  |RESET
—=  CODE
DETECTOR




INTERNATIONAL SEARCH REPORT
International Appiication No PCT /US 81 / 01261

1. CLASSIFICATION OF SUBJECT MATTER (it several classification symbols apply, indicate ali) 3

According to international Patsnt Classification (IPC) or to both National Classification and IPC

INT. CL.3 H 04N 7/16; H 04K 1/00
U.S. CL. 358/114; 116, 121; 370/20; 455/28

Il. FIELDS SEARCHED

Minimum Documentation Searched ¢

Classification Systen | Classification Symbols
‘ 358/114, 116, 121
U.S. 370/20
455/28

Documentation Searched ather than Minimum Documentation
to the Extent that such Documents are Included in the Flelds Searched &

iil. DOCUMENTS CONSIDERED TO BE RELEVANT 1¢

Citation of Document, 16 with Indication, where appropriate, of the relevant passages 17

Reievant to Claim No. 13

Category *
X us, A, 3,824,332 Published 16 July 1974,| 1-30
HOROWITZ.,
X us, A, 3,809,817 Published 7 May 1974, |4, 5, 10-20,
: 29
X uUs, A, 3,059,054 Published 16 October 1962,
REITER, 5, 8, 10-20,
24, 27-30
X us, A, 2,952,735 Published 13 Sept. 1960,|5, 8, 10-20,
WEISS. 24, 27-30
X Us, A 3,104,280 Published 17 Sept. 1963, 1
AKRELL. ' -

* Spacial categories of cited documents: 18

“A" document defining the general state of the art

ug" eariler document but published on or after the international
filing date

“L" document cited for spacial reason other than those referred
to in the other categories

“0* document referring to an oral disclosure, use, exhibition or
other means

up» document published prior to the International filing date but
on or after thae priority date claimed

T |ater document published on or ater the international filing
date or priority date and notin conflict with the application,
but cited to understand the principle or theory underlying
the invention

ux® document of particular relevance

V. CERTIFICATION

Date of the Actual Compistion of the {nternational Search 2

14 December 1981

Dats of Mailing of this international Search Report b

30 0EC 1981

Signature of Authorizeq Officss *?

International Searching Authority 1 / ! C . J
e O It gennlfzl
-} __ISA/US Stéphen C. Bucz¥nski

Form PCT/ISA(210 (second sheet) (October 19T

_




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

