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and second antennas are located on a single structure and are
separately alignable for peak reception. However, the first
and second antennas could also be separate if required for
peak reception. Any antennas suitable for receiving the
respective frequency signals may be used in the antenna
structure according to the invention.

The combining means is also located at the user location
and operates to combine the converted local channel signals
received by the first antenna and the direct broadcast satellite
television signals received by the second antenna The
combining means combines the two sets of signals to form
a combined television signal travelling on a single propa
gation path. Since the individual signals are each within the
satellite broadcast frequency band, the combined television
signal is also in the satellite broadcast frequency band and
may be processed for use as if it were from a single source.
When applied to the DBS system for example, the combined
signal may be processed by a single DBS receiver without
the need for additional or alternative equipment

The signal processing means or receiver receives the
combined television signal from the combining means and
processes the combined signal to produce a desired channel
output signal to a television set. In the DBS system for
example, the signal processing receiver is implemented in a
single piece of equipment and includes bandpass filters for
filtering the incoming signal and an amplifier. The receiver
also includes a mixer, demodulator, digital decoder, and a
digital to analog converter all controlled by channel selectorl
control logic.

The present invention in combination with the DBS
system provides a superior alternative to cable television
systems. The subscriber not only obtains the high quality
reception available with DBS but also obtains local pro
gramming without having to subscribe to a separate service
or obtain additional receiving equipment

These and other objects, advantages, and features of the
invention will be apparent from the following description of
the preferred embodiments. considered along with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of a transmitting and
receiving apparatus embodying the principles of the present
invention.

FIG. 2 is an isometric drawing of an antenna structure
embodying the principles of the invention.

FIG. 3 is a diagrammatic representation showing a signal
combiner according to the invention.

FIG. 4 is a diagrammatic representation showing a
receiver and receiver output according to the invention.

FIG. 5 is an isometric drawing of an alternate antenna
structure embodying the principles of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIGS. 1-4 illustrate one preferred apparatus 10 for pro
viding local programming or channels along with direct
broadcast satellite television channels according to the
invention. The apparatus 10, as shown FIG. 1, is adapted to
be used with a satellite transmitter 12 broadcasting direct
broadcast satellite television signals in a satellite broadcast
frequency band. The apparatus 10 includes a terrestrial
transmitter 14 and a signal receiving arrangement 16 located
at a location remote from the terrestrial transmitter. Each

4
individual user or subscriber of thc service would have a
signal receiving arrangement The terrestrial transmitter 14
transmits in a frequency band within the satellite frequency
band and the receiving arrangement 16 receives the satellite

5 signals and the terrestrial signals and combines them for
processing by a single receiver 18. The disclosed system 10
provides DBS along with local programming while requir
ing no additional receiving equipment other than a special
antenna structure described below and means for combining

10 the separate direct broadcast satellite television channel
signals and local channel signals.

The DBS satellite 12, as is well known in the field,
includes a transmitter (not shown) and is located in a
geosynchronous orbit so that it remains statioruuy with

15 respect to a certain geographic broadcast area. The satellite
12 itself receives signals from a land-based transmitter (not
shown) and then retransmits those signals back to earth. The
position of the satellite transmitter 12 allows it to provide a
clear signal to a large geographic area. The satellite transmits

20 in a satellite broadcast frequency band. For example, the
FCC has allocated the electromagnetic spectrum band from
12.2 Giga-Hertz to 12.7 Giga-Hertz for DBS broadcasting
and this frequency band represents the preferred satellite
broadcast frequency band. However, the satellite broadcast

2S frequency band for purposes of this invention could also be
defined as a frequency band in which the single receiver is
adapted to operate. For example, the satellite frequency band
could be defined to encompass a frequency band adjacent to
the DBS band as well as the allocated DBS band with the

30 terrestrial signal being transmitted in this adjacent band. In
this fashion, the invention could be adapted to operate over
any desired frequency band.

The terrestrial transmitter 14 comprises any suitable trans
mitting device for transmitting local channel signals in a first

35 frequency band that is contained within the satellite fre
quency band. The terrestrial transmitter 14 provides local
programming with the local channel signals. Preferably, the
terrestrial transmitter 14 will have associated with it means
for receiving local programming and signal converting

40 means (not shown) for converting the received local signals
into converted local channel signals in the first frequency
band. The receiver for the terrestrial transmitter and the
signal converter are known in the art and are not described
further herein. In a preferred embodiment of the invention

45- operable for DBS systems, the local signals are converted
from analog to digital signals before they are transmitted so
that the DBS receiver 18 may decode the. terrestrially
transmitted signals similarly to the satellite transmitted
signals.

50 The terrestrial transmitter 14 has limited range depending
upon its broadcast power. For example, depending upon the
terrain surrounding the terrestrial transmitter 14, a 100 Watt
transmitter can provide a suitable signal for approximately a
ten-mile radius around the transmitter. The broadcast power

55 for the terrestrial transmitter is chosen to provide the desired
local coverage. Also, since the terrestrial transmitters each
have a limited range, the invention encompasses many
separate terrestrial transmitters at different geographical
locations around the satellite broadcast area for providing

60 the converted local channel signals in just their respective
local areas. Since the broadcasting range is limited geo
graphically, each terrestrial transmitter 14 may broadcast in
the same first frequency band without providing conflicting
signals to any subscriber. Further, in high population density

65 areas when many local channels operate, such as New York
City and Los Angeles, for example, the first frequency
spectrum could be subdivided to allow portions of the first
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Although the stripline combiner 44 is shown in FIG. 3 as
the preferred form of the invention, any suitable combining
means may be used within the scope of the invention. For
example, a directional coupler (not shown) may be used to

5 couple the signals from the slot antenna 34 onto a transmis
sion line carrying signals from the satellite antenna. Also,
the LNB 28 may be integrally formed with the feed-horn
antenna probe 42 and the propagation path from the antenna
probe to the stripline combiner 44.

The illustrated preferred LNB 28 also preferably includes
a band pass filter 50. a mixer 52 controlled by a local
oscillator 54, and an amplifier 56. The LNB 28 functions to
filter the combined signals and to translate the combined
signals into an intermediate frequency band. The LNB 28
also functions to amplify the signals for transmission by

15 suitable transmission line 58 to the DBS broadcast receiverl
decoder 18 for further processing.

FIG. 4 illustrates a DBS receiver/decoder 18 as employed
according to the invention. The receiver 18 includes a band

20 pass filter 60 and an additional amplifier 62. A channel
selector/controller 64 controls a local oscillator 65 which in
tum controls a mixer 66 connected in series with the signal
path. A demodulator 68, a digital decoder 70, and a digital
to analog converter 72 complete the circuitry required to

25 decode the signal. Once fully decoded, the analog output
from the receiver 18 represents an NTSC-television signal
which can be received by the television set 20. The illus
trated DBS receiver/decoder 18 operates under the control of
the channel selector controller 64. In operation, a subscriber

30 inputs a desired channel setting either manually or by
hand-held remote (not shown) on the selector/controller 64
which causes the mixer 66 to select the desired carrier signal
from the several carrier signals reaching the receiver/de
coder 18. The demodulator 68 then produces a stream of

35 digital signals from this single carrier which is then decoded
by the decoder 70 to produce a digital signal for a desired
channel. The digital to analog converter 72 converts this
digital signal to the analog signal necessary to drive the
television set 20.

FIG. 5 shows an alternative antenna structure 80 embody
ing the principles of the invention. In this form of the
invention, the antenna structure 80 includes two separate
feed-homs, a satellite feed-hom 82 for receiving reflected
signals from the satellite dish 84 and a terrestrial feed-horn
86 for receiving signals directly from the terrestrial trans
mitter 14 (FIG. 1). Both feed-homs 82 and 86 are preferably
connected to a single LNB 88 which may have" two inte
grally formed probes (not shown), each probe extending into
one of the feed-hom wave guides. The terrestrial feed-hom

50 86 preferably is pivotally connected to the LNB 88 and
satellite feed-hom 82 so that it may be rotated as shown at
arrow B for alignment with its receiving end best positioned
for receiving signals from the local terrestrial transmitter 14.

Those skilled in the art will readily appreciate that there
55 are a number of antenna types that may be employed as the

first and second antennas according to the invention. For
example, a circular wave guide could be used as the antenna
for receiving the local channel signals from the terrestrial
transmitter 14 and another circular wave guide could be used

60 in place of the feed-hom in the dish-type satellite antenna.
Alternatively two "patch" or flat plate antennas could also be
used for both receiving the satellite channel signals and the
local channel signals. Even a single flat plate antenna could
be used for receiving the satellite signals and the local

65 terrestrially transmitted signals if the flat plate were mounted
so that its orientation could be changed to receive the desired
signal. In this single flat plate antenna form of the invention

frequency spectrum to be reused more frequently than other
portions of the spectrum. In this fashion, some local chan
nels could be broadcast over a larger area while other local
channels could be broadcast over smaller area, depending
upon local demand for the channels.

The receiving arrangement 16 is located at a remote
location from the location of the terrestrial transmitter 14,
such as at an individual household within the range of the
terrestrial transmitter. The receiving arrangement 16
includes an antenna structure 30 and the receiver 18, and 10
provides a standard television signal to drive a user or
subscriber's television set. The receiving arrangement 16 is
adapted to receive the direct broadcast satellite channel
signals containing regional or national programming and
also the converted local channel signals containing local
programming.

Referring to FIG. 2, the antenna structure 30 includes a
first antenna 34 for receiving converted local channel signals
and a second antenna 36 for receiving direct broadcast
satellite signals. The antenna structure 30 also preferably
includes a low noise block converter ("LNB") 28 for con
ditioning the signals from both antennas as described more
particularly with reference to FIG. 3. The second antenna 36,
as shown in FIG. 2, preferably comprises a standard satellite
signal receiving antenna with a reflector dish 38 and a
feed-hom assembly 40. The reflector dish 38 reflects and
concentrates signals to the feed-hom assembly 40 and these
signals are picked up by an antenna probe 42 (FIG. 3)
associated with the feed-hom assembly. The first antenna 34
(shown in FIG. 2) preferably comprises a monopole slot
antenna. The slot antenna feeds its signal to the LNB 28
through any suitable connection such as a low loss copper
coaxial cable 32 (FIG. 3) directly connected to the LNB.
Also, the illustrated slot antenna is rotatably mounted on the
satellite antenna feed-hom assembly so that it may rotate
about its longitudinal axis as shown at arrow A to best
position its slot, or slots if more than one is used, for
receiving convened local channel signals from the local
terrestrial transmitter 14.

Those skilled in the art will readily appreciate that the size 40

of the LNB 28, feed-hom 40 and slot antenna! is exaggerated
in FIG. 2 relative to the reflector dish for purposes of
illustration. In actuality, the reflector dish may be about 18
inches in diameter, the feed-hom 40 wave guide is rectan
gular approximately one inch wide and one-half inch high, 45

the LNB is rectangular one-half inch high and two and
one-half inches long, and the slot antenna for a low gain unit
is approximately one inch high and one-half inch in diameter
with the slot being about half an inch long.

Referring to FIG. 3, the preferred LNB 28 includes
integrally formed combining means 44 for combining the
local channel signals and the direct broadcast satellite chan
nel signals on a single propagation path. The combining
means 44 in this preferred form of the invention comprises
a stripline combiner connected to receive signals from the
transmission line 32 connected to the first antenna 34 and the
transmission line 48 connected to the probe 42. The stripline
combiner 44, such as that shown diagrammatically in FIG.
3, is well known in the art and includes a conductor having
dimensions dictated by the frequencies of signals which it
carries. Both the transmission line 32 from the slot antenna
34 and the transmission line 48 from the probe 42 may
comprise coaxial cable cut to an appropriate length. In a
particular embodiment, the length of the coaxial cable may
be dictated by the respective impedances of the slot antenna
34 and the probe 42 so that impedances at the combiner are
properly matched.
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7
an antenna such as that disclosed in U.S. Pal Nos. 4,761,654
or 5,005,019 with an integrally formed LNB would be
mounted so that it could pivot upwardly _in position to
receive signals from the satellite and downwardly until it
extends generally vertically to receive the terrestrially trans- 5
mitted signals. Additionally the flat plate would be capable
of pivoting about its base to face the best direction for
receiving the desired signals. This single movable antenna
structure is equivalent to the first and second antennas set out
in the following claims.

The operation in the invention and the method for pro
viding local channel signals with direct broadcast satellite
signals may now be described with reference to FIGS. 1-5.
Referring particularly to FIG. 1, the method includes trans
mitting converted local signals from the terrestrial transmit- 15
ter 14 at a terrestrial transmitter location. The converted
local channel signals are in a first frequency band that itself
is within a satellite frequency band in which signals are
transmitted from a direct broadcast satellite 12. The method
also includes receiving both the converted local channel
signals and the direct broadcast satellite channel signals at a 20
user location remote from the terrestrial transmitter 14. The
method continues with the step of combining the local
channel signals and the direct broadcast satellite channel
signals on a single propagation path for the final step of
processing in the receiver 18 to produce the desired televi- 2S
sion channel signal.

In a practical application of the invention, the terrestrial
transmitter 14 would preferably be operated by a local
service provider that does not itself provide programming.
The operator of the terrestrial transmitter would then obtain 30
local programming from local broadcasters. In this preferred
form of the invention the method also includes receiving the
local channel signals in their regular or initial broadcast
frequency and translating the local channel signals into
converted local channel signals in the first frequency band. 35
The conversion process would include converting the local
channel signals from an analog to a digital form that is
acceptable to the DBS receiver. The step of transmitting the
local channel signals would then comprise retransmitting the
converted local signals to direct broadcast system subscrib-
ers. ~

The method of combining the local channel signals and
direct broadcast satellite channel signals may be performed
with any suitable combiner. For example, the combiner may
be a stripline combiner 44 as shown in FIG. 3 or a directional 45
coupler as described above. In any event, the output is the
combined signal which appears to the DBS receiver just as
it would have appeared had the signal actually been broad
cast from the satellite. Thus, the iIlvention provides the
advantage that no additional receiver is required to receive 50
local channel signals and the local programming is seam
lessly combined with the regional or national satellite pro
gramming.

The above described preferred embodiments are intended
to illustrate the principles of the invention, but not to limit 55
the scope of the invention. Various other embodiments and
modifications to these preferred embodiments may be made
by those skilled in the art without departing from the scope
of the following claims.

I claim:
1. An apparatus for simultaneously providing local origi

nating channels along with direct broadcast satellite televi
sion channels transmitted from a satellite, the apparatus
comprising:

(a) a terrestrial transmitter located at a terrestrial broad- 65

casting location for transmitting converted local chan-
nel signals in a first frequency band, the first frequency

8
band contained within a satellite broadcast frequency
band;

(b) a first antenna located at a user location remote from
the terrestrial broadcasting location for receiving from
the terrestrial transmitter the converted local channel
signals in the first frequency band;

(c) a second antenna at the user location for receiving
from the satellite direct broadcast satellite television
channel signals in the satellite broadcast frequency
band;

(d) combining means at the user location for combining
the converted local channel signals received by the first
antenna and the direct broadcast satellite television
signals received by the second antenna to form com
bined television signals in the satellite broadcast fre
quency band on a single signal path; and

(e) signal processing means at the user location for
receiving the combined television signals from the
combining means and processing the combined televi
sion signals to produce a desired channel output signal.

2. The apparatus of claim 1 finther comprising:
(a) a terrestrial receiver located at the terrestrial broad

casting location for receiving local channel signals; and
(b) a signal converter located at the terrestrial broadcast

ing location for converting the local channel signals to
converted local channel signals in the first frequency
band.

3. The apparatus of claim 1 wherein the first antenna is
selected from the group consisting of circular waveguide
antennas, feed-horn antennas, fiat plate antennas, slot anten
nas, dipole antennas, and multi-dipole antennas.

4. The apparatus of claim 1 wherein the second antenna
comprises:

(a) at least one reflector for reflecting and concentrating
the direct broadcast satellite television channel signals;

(b) a signal collector for collecting the direct broadcast
satellite television channel signals concentrated by the
reflector; and

(c) an antenna probe extending into the signal collector
for receiving the direct broadcast satellite television
channel signals.

5. nie apparatus ofclaim 4 wherein the signal collector is
selected from the group.consisting offeed-hom assemblies
and circular wave guides.

6. The apparatus of claim 1 wherein the second antenna is
a fiat plate antenna

7. The apparatus of claim 1 wherein the satellite broadcast
frequency band has an approximate lower frequency limit of
12.2 Giga-Hertz and an approximate upper frequency limit
of 12.7 Giga-Hertz.

8. The apparatus of claim 1 wherein the combining means
comprises a stripline combiner mounted on a low noise
block converter, the stripline combiner including:

(a) a first input connected to receive converted local
channel signals from the first antenna;

(b) a second input connected to receive direct broadcast
satellite television channel signals from the second
antenna; and

(c) an output connected to deliver the combined television
signals to signal processing elements of the low noise
block converter.

9. An apparatus for simultaneously receiving signals from
both a satellite source and a terrestrial source, the apparatus
comprising:

(a) a first antenna for receiving from a terrestrial trans
mitter converted local channel signals in a first fre
quency band, the first frequency band contained within
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signals received by the second antenna to form com
bined television signals in the satellite broadcast fre
quency band on a single signal path for processing by
the signal processing means.

17. The system of claim 16 wherein the combining means
comprises a stripline combiner mounted on a low noise
block converter, the stripline combiner including:

(a) a first input connected to receive converted local
channel signals from the first antenna;

(b) a second input connected to receive direct broadcast
satellite television channel signals from the second
antenna; and

(c) an output connected to deliver the combined television
signals to signal processing elements of the low noise
block converter.

18. A method for providing local originating channels
along with direct broadcast satellite television channels
transmitted from a satellite, the method comprising the steps

20 of:

(a) transmitting converted local channel signals in a first
frequency band from a terrestrial transmitter location,
the first frequency band contained within a satellite
broadcast frequency band;

(b) at a user location remote from the terrestrial transmit
ter location, receiving the converted local channel
signals in the first frequency band;

(c) receiving at the user location direct broadcast satellite
television channel signals in the satellite broadcast
frequency band, the direct broadcast satellite television
channel signals being transmitted from the satellite;

(d) combining the converted local channel signals and the
direct broadcast satellite television signals to form
combined television signals in the satellite broadcast
frequency band on a single signal path; and

(e) processing the combined signals to produce a desired
channel output signal.

19. The method of claim 18 further comprising the steps
40 of:

(a) receiving at the terrestrial transmitter location local
channel signals; and

(b) converting the local channel signals to converted local
channel signals in the first frequency band.

20. The method ofclaim 18 wherein the step ofcombining
the converted local channel signals and the direct broadcast
satellite television signals to form the combined television
signal is performed with a stripline combiner mounted on a

50 low noise block converter and further including the step of:

(a) directing the combined television signals to signal
processing elements of the low noise block converter.

21. An apparatus for simultaneously providing local origi
nating channels, along with direct broadcast satellite televi

55 sion channels transmitted from a satellite, the apparatus
comprising:

(a) a terrestrial transmitter located at a terrestrial broad
casting location for transmitting converted local chan
nel signals in a first frequency band, the first frequency
band contained within a satellite broadcast frequency
band;

(b) an antenna located at a user location remote from the
terrestrial broadcasting location for receiving from the
terrestrial transmitter the converted local channel sig
nals in the first frequency band when the antenna is
oriented in a first position and for receiving from the

a satellite broadcast frequency band;
(b) a second antenna for receiving from the satellite

source direct broadcast satellite television channel sig
nals in the satellite broadcast frequency band; and

(c) combining means for combining the converted local 5

channel signals received by the first antenna and the
direct broadcast satellite television channel signals
received by the second antenna to form combined
television channel signals in the satellite broadcast
frequency band on a single signal path.

10. The apparatus of claim 9 wherein the first antenna is
selected from the group consisting of circular waveguide
antennas, feed-horn antennas, fiat plate antennas, slot anten
nas, dipole antennas, and multi-dipole antennas.

11. The apparatus of claim 9 wherein the second antenna 15

comprises:

(a) at least one reflector for reflecting and concentrating
the direct broadcast satellite television channel signals;

(b) a signal collector for collecting the direct broadcast
satellite television channel signals concentrated by the
reflector; and

(c) an antenna probe extending into the signal collector
for receiving the satellite television channel signals.

12. The apparatus of claim 11 wherein the signal collector 25

is selected from the group consisting of feed-horn assem
blies and circular wave guides.

13. The apparatus of claim 9 wherein the second antenna
is a flat plate antenna.

14. The apparatus of claim 9 wherein the satellite broad- 30

cast frequency band has an approximate lower frequency
limit of 12.2 Giga-Hertz and an approximate upper fre
quency limit of 12.7 Giga-Hertz.

IS. The apparatus of claim 9 wherein the combining 35

means comprises a stripline combiner mounted on a low
noise block converter, the stripline combiner including:

(a) a first input connected to receive converted local
channel signals from the first antenna;

(b) a second input connected to receive direct broadcast
satellite television channel signals from the second
antenna; and

(c) an output connected to deliver the combined television
channel signals to signal processing elements of the
low noise block converter. 45

16. In a system for providing direct broadcast satellite
television channels having a satellite transmitter for trans
mitting direct broadcast satellite television channel signals
in a satellite broadcast frequency band, a satellite signal
antenna for receiving direct broadcast satellite television
channel signals at a user location, and signal processing
means at the user location for receiving the direct broadcast
satellite television channel signals and processing the signals
to produce a desired channel output, the improvement com
prising:

(a) a terrestrial transmitter for transmitting converted local
channel signals in a first frequency band, the first
frequency band contained within the satellite broadcast 60

frequency band;

(b) a first antenna at the user location for receiving from
the terrestrial transmitter the converted local channel
signals in the first frequency band; and

(c) combining means at the user location for combining 65

the converted local channel signals received by the first
antenna and the direct broadcast satellite television
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satellite direct broadcast satellite television channel
signals in the satellite broadcast frequency band when
oriented in a second position;

(c) antenna orienting means connected to the antenna for
enabling the antenna to move between the first position 5
and the second position; and

12
(d) signal processing means at the user location for

receiving television signals from the antenna and pr0

cessing the television signals to produce a desired
channel output signal.

* ... ... * ...
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SUMMARY OF THE INVENTION

BRIEF DESCRIPI10N OF THE DRAWINGS

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The apparatus according to the invention for providing
satellite and terrestrially transmitted signals sinwltaneously
on the same frequency illustrated in FIGS. 1 and 2. As
shown in FIG. I, the system 10 may be utilized with one or
more satellites in geosynchronous orbit about the earth. FIG.
1 shows four satellites Ua, 12b. I1c. and l2d spaced apart
at four separate directions from a user location 14. In

2
However, since the signals received in the system shown

in U.S. Pat. No. 5.483.663 are combined or received on the
same antenna structure at different points in time. terrestrial
and DBS signals cannot be received simultaneously on a

5 common frequency.

Despite the advantages of DBS and the advantages of the
system shown in U.S. Pal No. 5.483.663. the DBS system
ties up a portion of the electromagnetic spectrum which
would otherwise be available for terrestrial sigoal transmis-

10 sions.

FIG. 1 is a schematic representation showing the positions
of a plurality of satellites in relation to a single terrestrial
transmitter and a receiver or user location.

FIG. 2 is a somewhat schematic reJresentation of a
receiving antenna structure for receiving satellite and ter
restrial transmitted signals at a common frequency.

ss FIG. 3 is a schematic representation of the spacing for a
number of terrestrial transmitters required to allow reception
over a large geographic area.

1
APPARATUS AND METHOD FOR REUSING
SATELLITE BROADCAST SPECTRUM FOR
TERRESTRIAlLY BROADCAST SIGNALS

BACKGROUND OF THE INVENTION

This invention relates to apparatus and methods for broad
casting and receiving data.. including digital television sig
nals and voice signals. More particularly. this invention
relates to an apparatus and method for providing tC'lTestrial
transmissions simultaneously along with direct broadcast
satellite transmissions on a common frequency.

Currently. television signals may be received from a
satellite in geosynchronous orbit about the earth. The tele
vision signals are transmitted from a terrestrial transmitter to It is an object of the invention to provide terrestrially
the satellite and then retransmitted from the satellite so that IS transmitted signals simultaneously with satellite transmitted
the signals can be received by terrestrial receivers within a signals at the same frequency. The invention includes an
certain geographic receiving area within a line of sight ofthe apparatus and method for jroviding terrestrial and satellite
satellite. In addition to television signals. other types of data signals simultaneously at a common frequency.
may also be transmitted to consumers through satellites in The object of the invention is accomplished by utilizing
geosyndlronous OIbit. 20 receiving antennas with a limited directional reception range

Direct broadcast satellite service (DBS) refers to satellite and transmitting the terrestrial signals in a different range of
transmission of television signals directly for use by indi- directions than those in which the satellite signals are
vidual households or subscribers having the proper signal transmitted. The invention requires two separate receiving
receiving equipment. The U.S. Federal Communications antennas feeding two sets of decoding and demodulating
Commission has dedicated the electromagnetic spedIUm 2.S jrocessing systems for utilizing the received signals. Both
from 12.2 gigahertz to 12.7 gigahertz for DBS broadcasting. receiving antennas are adapted to receive signals only within
Sixteen signal carriers are located within the DBS spectrum, a particular directional range. The range is measured from a
each carrier carrying several individual television channels. centerline of the particular antenna.
Depending upon the compression technology applied to In order to ensure no intelfcrence between the satellite
these signals. literally hundreds of separate channels may be 30 and terrestrially transmitted signals, the terrestrial signals
available through DBS. A great benefit of the DBS system are transmitted directionally within a terrestrial azimuth
as opposed to prior satellite systems is that only a small range which is outside the azimuth range in which the
dish-type antenna is required to receive the DBS signals and satellite signals are transmitted either by a single satellite cr
the alignment of the receiving dish is not critical. Also. the multiple satellites. The terrestrial transmit azimuth range is
DBS system will provide high qUality reception at any point 3S chosen so that it does not include any directions in which the
in the geographic receiving area of a satellite without the satellite signal receiving antenna must be directed to receive
expense of land transmission lines such as those required for signals from any satellite. In order to cover a large area for
cable television. local reception. a plurality of terrestrial transmitters are

Current regulations require that DBS satellites be sepa- spread out over an area with directional transmitted areas
rated from each other by at least nine (9) degrees in a 040 overlapping to ensure the tarestrlal signals may be received
geosynchronous arc. The receiving antenna for DBS signals clearly at each location within the desired service area.
~t. therefore. be .limited to ree::eivin~ signals in a direc- These and other objects. advantages. and features of the
tlonal ~ge measunng plus ormm~moe. (9) de~ees from invention will be apparent from the following description of
a .centerline of the antenna.: RecelVlng stg~ 10 a range the jreferred embodiments. considered along with the
wider than the satellite spacmg would cause mterference by 4S accompanying drawings.
signals transmitted by di1ferent satellites on lite same fre-
quency. .

U.S. Pat. No. 5.483.663 is directed to a system having a
receiver arrangement in which DBS and terrestrial signals
are received within similar frequency bands. lbe system 50
shown in the 5.483.663 patent may be implemented with a
multiple antenna arrangement. or with a single. moveable
antenna. In the multiple antenna arrangement. two separate
antennas direct the received signals to a common JrOPllga
tion path for processing as if they were received by a single
antenna and transmitted from a single location. In the single
antenna arrangement, the antenna is movable between a
position to receive DBS signals and another position to
receive terrestrial signals.

The advantage of the system shown in U.S. Pat. No. 60

5,483.663 is that local originating signals. whether televi
sion signals or other data. may be received simultaneously
with DBS signals. and processed with the same equipment
as that used to process the DBS signals. The local originating
signals may carry local jrogramming which may be 6S
received along with the national or regional DBS program
ming.
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geosynchronous cxbit. each satellite remains at a fixed
location with respect to the earth's surface. and thus. with
respect to the usa location 14. First and second antenna 16
and 18. respectively. which will be discussed in detail with
reference to FIG. 2 are located at the usa location 14.

Each of these satellites 12a-d is positioned in geosyn
chronous orbit about the centa of the earth. and is posi
tioned at a eatain longitude and latitude above the earth's
surface. As is known by those skilled in the art. a receiving
antenna may be directed at a certain elevation and direction
or azimuth toward a desired satellite location for receiving
signals from the particular satellite.

Currently. all direct lroadcast satellites within the line of
sight of NOIth America are positioned at longitudes and
latitudes requiring the receiving antenna to face in a south
erly direction from North America to receive signals.
Although FIG. 1 shows four satellites 12a-d fer: purposes of
describing the invention herein. more or fewer satellites may
be spaced apart within a line of sight of a certain geographi
cal area. Eight satdlites are currently within a line of sight
of North America. Table 1 sets out the longitudinal location
of each satellite and fer: purposes of example. the azimuth
and elevation at which a receiving antenna must be directed
from a location at Austin. Tex. for receiving signals from
each satdlite. All azimuth directions and elevations are
measured to a centerline of the antenna which will be
discussed below with respect to FIG. 2. The term "azimuth"
refers to the direction with respect to a reference direction
such as due north. commonly zero degrees. "Elevation"
refers to the angle of the antenna centerline above horizon
tal.

Sdo1lile
1.oIJ&iIWc AzimuIh Blcwlion

6105 12<405 37.3
101 186.<4 5<4.6
110 203.3 S2.3
119 217.7 <47.8
1-48 2<47.3 2S.7
157 2S3.3 17.9
166 2S8.8 10.1
17S 263.5 2.3
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5
28 and 30 of the two antennas and this example is approxi- the scope of the invention. Various other embodiments and
mately 67.7 degrees. modifications to these preferred embodiments may be made

In the orientation shown in FIG. 1. the first antenna 16 by those skilled in the art without departing from the sccpe
cannot receive signals from the terrestrial transmitter 11. of the following claims.
The reason for this is that the directional signals transmitted 5 We claim:
from the terrestrial transmitter 20 are aU travelling in a 1. An apparatus for simultaneously providing tecrestrial.ly
direction outside of the reception range of the first antenna transmitted signals on a common frequency with direct
16. Similarly. the direction in which the satellite 12d trans- broadcast satellite signals transmitted from a satellite in a
mits with respect to the user location 14 is outside of the first satellite location in geosynchronous orbit about the
reception range of the seoond antenna 18. Thus. the second 10 earth. the apparatus comprising:
antenna 18 cannot receive signals transmitted by the satellite (a) a first antenna at a user location for receiving signals
l2d. Furthermoce. in this example. the second antenna 18 at a first frequency only within a first directional
cannot receive any signals transmitted by any of the satel- reception range as measured from a centerline of the
lites 12a-d. Thus. in the orientation of the first and second first antenna. the first antenna having its centerline
antenna 16 and 18 as shown in FIG. 1 and with the position 15 aligned to receive direct broadcast satellite signals
of the satellites 12a-d and terrestrial transmitter 28. the transmitted from the satellite;
terrestrial transmitter may transmit on a frequency identical (b) a second antenna at the user location for receiving
to the frequency of signals transmitted by the satellites signals lit the first frequency only within a second
without any interference in the signals received at the two directional reception range as measured from a center-
antennas. 20 line of the second antenna. the second antenna being

Those skilled in the art will readily appreciate that the aligned to receive signals transmitted at the first fre-
elevation of the first antenna 16 may be high enough with quency from a terrestrial transmitter location remote
respect to horizontal so that the secOild antenna 18 may be from the user location with the direct broadcast satellite
aligned along the same azimuth as the first antenna without signals transmitted in directions outside of the second
any interference between the signals received by the two 25 directional reception range; and
antennas on the identical frequency. However. where there (c) a terrestrial transmitter for transmitting signals at the
are numerous satellites at different azimuths and elevations first frequency and directionally within a terrestrial
with respect to the user location 14. the first and second azimuth range from the terrestrial transmitter location.
antennas 16 and 18 may have to be positiOiled at di1ferent the terrestrial transmitter location being located with
azimuths as illustrated in FIG. 1 in order to prevent inter- 30 respect to the user location such that the terrestrial
ference. transmitter transmits in directions only outside of the

Referring to FIG. 3. a plurality of terrestrial transmitters directional reception range of the first antenna.
32 are required to provide a signal strong enough to be 2. The apparatus of claim 1 wherein direct broadcast
received over a large area. Each transmitter 32 in FIG. 3 35 satellite signals are transmitted from a plurality of satellites
transmits directionally in an azimuth range A of approxi- in geosynchronous orbit. each satellite separated from each
mate1y 180 degrees and out to an effective reception range other satellite in a geosynchronous arc by an angle greater
R. With this transmitter spacing and transmission range, the than the first directional range of the first antenna and each
signals from the terrestrial transmitters may be received satellite within a satellite azimuth range within which the
from any location within the geographic area G. Although 40 first antenna may be positioned to receive signals from any
the directional range of 180 degrees is shown for purposes of the satellites. and wherein:
of example. the terrestrial transmissions may be in other (a) the terrestrial azimuth range is separated from the
ranges within the scope of this inventiOil. satellite azimuth range by an angle greatec than

The method accocding to the invention comprises n:cciv- approximately the sum ofdirectional reception range of
ing satellite signals in a first frequency with the first antenna 45 the first antenna and the directional reception range of
16. The first antenna 16 is adapted to receive signals only the seoond antenna.
within a first directional reception range from the antenna 3. The apparatus of claim 2 further comprising:
centerline 28. The method also ineludes transmitting signals (a) a plurality of terrestrial transmitters each transmitting
in the first frequency directionally in a range outside of the from a different terrestrial transmission location and
directional reception range of the first antenna 16. Signals SO each transmitting in a substantially oommon azimuth
transmitted by the terrestrial transmitter are received by the range.
second antenna 18 at the user locatioD 14. The secOild 4. The apparatus of claim 1 wherein the first frequency is
antenna 18 is also adapted to receive signals only within a in a range of 12.2 gigahertz to 12.7 gigahertz.
directional reception range with respect to the otenna S. The apparatus of claim 1 wherein the first frequency is
centerline 30. 55 above 12.2 gigahertz.

This combination ofdirectional receiving antennas 16 and 6. The apparatus of elaim 1 wherein the second antenna is
18. and directional terrestrW transmission allows terrestrial selected from the group cOilsisting of circular wave guide
transmissions at an identical frequency as tblIt used by antennas, feed-hom antennas. flat plate antennas. slot
satellites. and particularly DBS without interference antennas, dipole antennas, and multi-dipole antennas.
between the two transmissions. This allows the DBS spec- 60 7. The apparatus of claim 1 wherein the directional
trum and perhaps other satellite spectra to be reused for reception range of the first antenna is approximately nine (9)
terrestrial transmissions. The terrestrial transmissions may degrees.
be for television signals or any other data. including internet 8. A method for simultaneously providing local originat-
communications. voice data, other video. or any other type lng signals on a common frequency with direct broadcast
of data. 65 satellite signals transmitted from a satellite. where the sat-

The above described preferred embodiments Ire intended ellite is in a first satellite location in geosynchronous orbit
to illustrate the principles of the invention, but not to limit about the earth, the method oomprising the steps of:
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(a) at a user location. receiving direct broadcast satellite
signals at a first frequency with a first antenna adapted
to receive signals at the first frequency only within a
first directional reception range as measured from a
centerline of the first antenna; 5

(b) transmitting terrestrial signals at the first frequency
and in a terrestrial azimuth range from a terrestrial
transmitter. the terrestrial azimuth range being outside
of the directional reception range of the first antenna
positioned to receive direct broadcast satellite signals 10

from the satellite; and
(c) at the user location. remote from the terrestrial

transmitter. receiving the terrestrial signals with a sec
ond antenna adapted for receiving signals at the first
frequency only within a second directional reception 15

range as measured from a centerline of the second
antenna. the second antenna being aligned so that the

8
direct broadcast satellite signals transmitted by the
satellite are not transmitted within the directional
reception range of the second antenna.

9. The method of claim 8 further comprising the step of:

(a) transmitting ten'estrial signals at the first frequency
and terrestrial azimuth range from a plurality of terres
trial transmitters.

It. The method of claim 8 wherein the first frequency is
in the range of 12.2 gigahertz to 12.7 gigahertz.

11. The method of claim 8 wherein the first frequency is
above 12.2 gigahertz..

12. The method of claim 8 wherein the directional range
of the first and second antenna is lIplroximate1y nine (9)
degrees from the antenna centerline.

• • • * *
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ABSTRACT(57)

A first antenna (16) at a user location (14) receives signals
at a first frequency where the signals are travelling only
within a first directional reception range as measured from
a centerline (28) of the first antenna (16). The first antenna
(16) has its centerline (28) aligned to receive direct broad
cast satellite signals transmitted from a satellite in geosyn
chronous orbit about the earth. A second antenna (18) at the
user location (14) receives signals at the first frequency
where the signals are travelling only within a second direc
tional reception range as measured from a centerline (30) of
the second antenna (18). The second antenna (18) is aligned
to receive signals transmitted at the first frequency from a
terrestrial transmitting location remote from the user loca
tion. A terrestrial transmitter transmits signals at the first
frequency and directionally within a terrestrial azimuth
range from the terrestrial transmitting location. The terres
trial transmitting location is located with respect to the user
location (14) such that the terrestrial transmitter (20) trans
mits in directions only outside of the directional reception
range of the first antenna (16). The satellite (U) is positioned
with respect to the user location (14) such that the satellite
transmits directional in directions outside of the directional
reception range of the second antenna (18).

Under 35 U.S.c. 154(b), the term of this
patent shall be extended for 0 days.

This patent is subject to a terminal dis
claimer.

This patent issued on a continued pros
ecution application filed under 37 CFR
1.53(d), and is subject to the twenty year
patent term provisions of 35 U.S.c.
154(aX2).
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SUMMARY OF TIlE INVENTION

DESCRIPTION OF TIlE PREFERRED
EMBODIMENTS

BRIEF DESCRIPTION OF TIlE DRAWINGS

FIG. 1 is a schematic representation showing the positions
of a plurality of satellites in relation to a single terrestrial
transmitter and a receiver or user location.

FIG. 2 is a somewhat schematic representation of a
receiving antenna structure for receiving satellite and ter
restrial transmitted signals at a common frequency.

FIG. 3 is a schematic representation of the spacing for a
number of terrestrial transmitters required to allow reception
over a large geographic area.

It is an object of the invention to provide terrestrially
transmitted signals simultaneously with satellite transmitted
signals at the same frequency. The invention includes an
apparatus and method for providing terrestrial signals simul
taneously at a common frequency with satellite signals.

The object of the invention is accomplished by utilizing
receiving antennas with a limited directional reception range
and transmitting the terrestrial signals in a different range of
directions than those in which the satellite signals are
transmitted. Two separate receiving antennas feeding two
sets of decoding and demodulating processing systems are
required for utilizing the received signals. Both receiving
antennas are adapted to receive signals only within a par
ticular directional range. The range is measured from a
centerline of the particular antenna.

In order to ensure no interference between the satellite
and terrestrially transmitted signals, the terrestrial signals
are transmitted directionally within a terrestrial azimuth
range which is outside the azimuth range in which the
satellite signals are transmitted either by a single satellite or
multiple satellites. The terrestrial transmission azimuth
range is chosen so that it does not include any directions in
which the satellite signal receiving antenna must be directed
to receive signals from any satellite. In order to cover a large
area for local reception, a plurality of terrestrial transmitters
are spread out over an area with directional transmission
areas overlapping to ensure the terrestrial signals may be
received clearly at each location within the desired service
area.

These and other objects, advantages, and features of the
invention will be apparent from the following description of
the preferred embodiments, considered along with the
accompanying drawings.

The apparatus according to the invention for providing
terrestrially transmitted signals simultaneously on the same

65 frequency as satellite signals is illustrated in FIGS. 1 and 2.
As shown in FIG. 1, the system 10 may be utilized with one
or more satellites in geosynchronous orbit about the earth.

sion signals or other data, may be received simultaneously
with DES signals, and processed with the same equipment
as that used to process the DBS signals. The local originating
signals may carry local programming which may be

5 received along with the national or regional DBS program
ming.

However, since the signals received in the system shown
in U.S. Pat. No. 5,483,663 are combined or received on the
same antenna structure at different points in time, terrestrial

10 and DBS signals on a common frequency cannot be utilized
simultaneously.

BACKGROUND OF TIlE INVENTION

1
APPARATUS AND METHOD FOR

TRANSMITIING TERRESTRIAL SIGNALS
ON A COMMON FREQUENCY WITH

SATELLITE TRANSMISSIONS

This invention relates to devices and methods for broad
casting and receiving data, including digital television sig
nals and voice signals. More particularly, this invention
relates to an apparatus and method for providing terrestrial
transmissions simultaneously along with direct broadcast 15

satellite transmissions on a common frequency.
Currently, television signals may be received from a

satellite in geosynchronous orbit about the earth. The tele
vision signals are transmitted from a terrestrial transmitter to
the satellite and then retransmitted from the satellite so that 20

the signals can be received by terrestrial receivers within a
certain geographic receiving area within a line of sight of the
satellite. In addition to television signals, other types of data
may also be transmitted to consumers through satellites in
geosynchronous orbit. 25

Direct broadcast satellite service (DBS) refers to satellite
transmission of television signals directly for use by indi
vidual households or subscribers having the proper signal
receiving equipment. The U.S. Federal Communications 30

Commission has dedicated the electromagnetic spectrum
from 12.2 gigahertz to 12.7 gigahertz for DBS broadcasting.
Numerous signal carriers are located within the DBS
spectrum, each carrier carrying several individual television
channels. Depending upon the compression technology 35

applied to these signals, literally hundred,> of separate chan
nels may be available through DBS. A great benefit of the
DBS system as opposed to prior satellite systems is that only
a small dish-type antenna is required to receive the DES
signals and the alignment of the receiving dish is not critical. 40

Also, the DBS system will provide high quality reception at
any point in the geographic receiving area of a satellite
without the expense of land transmission lines such as those
required for cable television.

Current regulations require that DBS satellites be sepa- 45

rated from each other by at least nine (9) degrees in a
geosynchronous arc. The receiving antenna for DBS signals
must, therefore, be limited to receiving signals in a direc
tional range measuring plus or minus nine (9) degrees from
a centerline of the antenna. Receiving signals in a range 50

wider than the satellite spacing would cause interference by
signals transmitted by different satellites on the same fre
quency.

U.S. Pat. No. 5,483,663 is directed to a system having a
receiver arrangement in which DBS and terrestrial signals 55

are received within similar frequency bands. The system
shown in the U.S. Pat. No. 5,483,663 may be implemented
with a multiple antenna arrangement, or with a single,
moveable antenna. In the multiple antenna arrangement, two
separate antennas direct the received signals to a common 60

propagation path for processing as if they were received by
a single antenna and transmitted from a single location. In
the single antenna arrangement, the antenna is movable
between a position to receive DBS signals and another
position to receive terrestrial signals.

The advantage of the system shown in U.S. Pat. No.
5,483,663 is that local originating signals, whether televi-

This application is a continuation of application Ser. No.
08n31,244, filed Oct. 11, 1996, now U.S. Pat. No. 5,761,
605.
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Satellite
Longitude Azimuth Elevati.on

61.5 124.5 37.3
101 186.4 54.6 40110 2033 52.3
119 217.7 47.8
148 247.3 25.7
157 253.3 17.9
166 258.8 10.1
175 263.5 2.3

45

range of each first antenna or satellite reception antenna
must be less than or equal to the minimum satellite separa
tion angle.

FIG. 1 also shows a terrestrial transmitter 20 capable of
transmitting in one or more frequencies identical to a
frequency transmitted by one of the DBS satellites. The
terrestrial transmitter 20 transmits directionally within a
certain transmission range T. The transmission range T
shown in FIG. 1 is 180 degrees, although the range may be
more or less than this number.

The antenna structure 22 which may be used at user
location 14 (FIG. 1) to pick up signals transmitted according
to the invention is illustrated in FIG. 2. The first antenna 16
is designed to receive direct broadcast satellite signals. The
first antenna 16 includes a collecting dish 24 and a feed-horn
assembly 26 for receiving the signals reflected and concen-
trated by the dish. Those skilled in the art will readily
appreciate that the feed-horn assembly 26 includes a probe,
which is not shown in FIG. 2, for picking up the signal
received by the antenna. The probe feeds the signal to signal
processing equipment for extracting information from the
received signal. This signal processing equipment is well
known in the art and does not form a part of this invention.
Also, those skilled in the art will appreciate that numerous
types of assemblies may be used alternatively to the feed
horn assembly 26 for collecting signals reflected by the dish
24.

The first antenna 16 includes an antenna centerline 28. As
dictated by the frequency of the signal received, the first
antenna 16 has a maximum directional reception range d
max. as measured from the antenna centerline 28. The total
reception range for antenna 16 shall be referred to in this
disclosure and the accompanying claims as the "satellite" or
"first" directional reception range, and is equal to two times

35 the reception range d max. Signals propagating in a direction
outside of this satellite directional reception range or aper
ture about the antenna centerline 28 from user location 14
cannot be received by the first antenna 16.

Referring still to FIG. 2, the antenna structure 22 at the
user location 14 further includes the separate second antenna
18 for receiving the terrestrially transmitted signals. The
second antenna 18 is shown as a feed-horn type antenna,
however, those skilled in the art will readily appreciate that
the second antenna may include a circular wave guide
antenna, flat plate antenna, slot antenna, dipole antenna or
multi-dipole antenna. Regardless of the antenna type, the
antenna will include a suitable signal pick-up assembly for
picking up the signal received by the antenna and feeding the
signal to suitable signal processing equipment. This pro-

50 cessing equipment is separate from the processing equip
ment for processing the signals received by the first antenna
16. Also, although the second antenna 18 is shown con
nected to the same structure as the first antenna 16, the first
and second antennas may be completely separate. In any

55 event, the second antenna 18 is preferably rotatable about a
vertical axis as shown at B in FIG. 2 to direct the antenna for
optimally receiving the terrestrial transmitted signals.

As with the first antenna 16, the second antenna 18
includes a centerline 30 and may receive signals travelling

60 only within a directional reception range r max. about the
antenna centerline 30. The t01al reception range for second
antenna 18 shall be referred to in this disclosure and the
accompanying claims as the "terrestrial" or "second" direc
tional reception range, and is equal to two times the recep-

65 tion range r max. Signals travelling to user location 14 along
a route outside that terrestrial directional reception range
cannot be received by the second antenna 18.

TABLE 1

DBS satellites all transmit different signals in the same
frequency band. The U.S. Federal Communications Com
mission has set aside the electromagnetic spectrum from
12.2 gigahertz to 12.7 gigahertz for DBS broadcasting. In
order to ensure no interference from signals between two
adjacent satellites, two conditions must be met. First, the
receiving antenna must be limited to receive signals only
within a certain reception range about the centerline of the
antenna. Secondly, the satellites must be spaced apart about
the geosynchronous arc so that a receiving antenna may be
positioned with only a single satellite transmitting in the
directional reception range of the antenna.

According to current regulations, individual DBS satel
lites must be separated at least nine (9) degrees in the
geosynchronous arc. Thus, each DBS receiving antenna
must have a directional reception range or aperture of plus
or minus nine (9) degrees or less as measured from a
centerline of the antenna. Although current regulations
require a spacing of no less than nine (9) degrees separation,
the invention is not limited to this degree of separation.
However, according to the invention, the effective reception

FIG. 1 shows four satellites Ua, Ub, 12c, and 12d spaced
apart at four separate directions from a user location 14. In
geosynchronous Olbit, each satellite remains at a fixed
location with respect to the earth's surface, and thus, with
respect to the user location 14. First and second antenna 16 5
and 18, respectively, which will be discussed in detail with
reference to FIG. 2 are located at the user location 14.

Each of these satellites Ua-d is positioned in geosyn
chronous orbit about the center of the earth, and is posi
tioned at a certain longitude and latitude above the earth's 10
surface. As is known by those skilled in the art, a receiving
antenna may be directed at a certain elevation and direction
or azimuth toward a desired satellite location for receiving
signals from the particular satellite.

OHrently, all direct broadcast satellites within the line of 15
sight of North America are positioned at longitudes and
latitudes requiring the receiving antenna to face in a south
erly direction from North America to receive signals.
Although FIG. 1 shows four satellites 12a-d for purposes of
describing the invention herein, more or fewer satellites maY 20
be spaced apart within a line of sight of a certain geographi
cal area. Several satellites are currently within a line of sight
of North America. Table 1 sets out the longitudinal location
of each satellite and for purposes of example, the azimuth
and elevation at which a receiving antenna must be directed 25
from a location at Austin, Texas for receiving signals from
each satellite. All azimuth directions and elevations are
measured to a centerline of the antenna which will be
discussed below with respect to FIG. 2. The term "azimuth"
refers to the direction with respect to a reference direction 30
such as due north, commonly zero degrees. "Elevation"
refers to the angle of the antenna centerline above horizon
tal.

----------------_.__.
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Referring again to FIG. 1, the first antenna 16 according
to the invention, is directed to receive signals from one of the
satellites, satellite 12d for example. The azimuth and eleva
tion at which the first antenna 16 must be directed for
optimally receiving signals from satellite 12d may be 247.3 5
and 25.7 respectively, for example. The second antenna 18
is directed with its centerline 30 pointing generally to the
terrestrial transmitting location of the terrestrial transmitter
20 and essentially horizontally. Ignoring the elevation dif
ference between the first and second antennas 16 and 18, 10

respectively, the azimuth difference between the centerlines
28 and 30 of the two antennas and this example is approxi
mately 67.7 degrees.

In the orientation shown in FIG. 1, the first antenna 16
cannot receive signals from the terrestrial transmitter 20. 15

The reason for this is that the directional signals transmitted
from the terrestrial transmitter 20 are all travelling in a
direction or along a route outside of the satellite directional
reception range of the first antenna 16. Similarly, the direc
tion in which the satellite 12d transmits with respect to the 20

user location 14 is outside of the terrestrial directional
reception range of the second antenna 18. Thus, the second
antenna 18 cannot receive signals transmitted by the satellite
12d. Furthermore, in this example, the second antenna 18
cannot receive any signals transmitted by any of the satel- 25

lites 12a-d. Thus, in the orientation of the first and second
antenna 16 and 18 as shown in FIG. 1 and with the position
of the satellites 12a-d and terrestrial transmitter 20, the
terrestrial transmitter may transmit on a frequency identical
to the frequency of signals transmitted by the satellites 30

without any interference in the signals received at the two
antennas.

Those skilled in the art will readily appreciate that the
elevation of the first antenna 16 may be high enough with
respect to horizontal so that the second antenna 18 may be 35

aligned along the same azimuth as the first antenna without
any interference between the signals received by the two
antennas on the identical frequency. However, where there
are numerous satellites at different azimuths and elevations
with respect to the user location 14, the first and second 40

antennas 16 and 18 may have to be positioned at different
azimuths as illustrated in FIG. 1 in order to prevent inter
ference.

Referring to FIG. 3, a plurality of terrestrial transmitters
32 are required to provide a signal strong enough to be 45

received over a large area. Each transmitter 32 in FIG. 3
transmits directionally in an azimuth range A of approxi
mately 180 degrees and out to an effective reception range
R. With this transmitter spacing and transmission range, the
signals from the terrestrial transmitters may be received 50

from any location within the geographic area G. Although
the directional range of 180 degrees is shown for purposes
of example, the terrestrial transmissions may be in other
ranges within the scope of this invention.

The method according to the invention is used in situa- 55

tions in which satellite signals are being transmitted in a first
frequency for reception with the first antenna 16. The first
antenna 16 is adapted to receive signals only within the
satellite directional reception range about the antenna cen
terline 28. The method includes transmitting signals in the 60

first frequency directionally in a range outside of the satellite
directional reception range of the first antenna 16. Signals
transmitted by the terrestrial transmitter are received by the
second antenna 18 at the user location 14. The second
antenna 18 is adapted to receive signals only within the 65

terrestrial directional reception range about the antenna
centerline 30.

6
This directional terrestrial transmission according to the

invention allows terrestrial transmission at an identical fre
quency as that used by satellites, and particularly DBS
without interference between the two transmissions. This
allows the DBS spectrum and perhaps other satellite spectra
to be reused for terrestrial transmissions. The terrestrial
transmissions may be for television signals or any other data,
including internet communications, voice data, other video,
or any other type of data.

The above described preferred embodiments are intended
to illustrate the principles of the invention, but not to limit
the scope of the invention. Various other embodiments and
modifications to these preferred embodiments may be made
by those skilled in the art without departing from the seope
of the following claims.

What is claimed is:
1. An apparatus for simultaneously transmitting terrestrial

signals on a common frequency with satellite signals trans
mitted from a satellite, the satellite transmitting satellite
signals at a first frequency to a user location for reception
only within a satellite directional reception range about the
user location, the apparatus comprising:

(a) a directional terrestrial transmitter for transmitting
terrestrial signals at the first frequency in a limited
azimuth range around the location of the terrestrial
transmitter, the terrestrial transmitter being located
with respect to the user location such that the terrestrial
transmitter transmits to the user location along a route
which is outside of the satellite directional reception
range.

2. The apparatus of claim 1 wherein satellite signals are
transmitted from a plurality of satellites in geosynchronous
orbit, each satellite separated from each other satellite in a
geosynchronous arc by an angle greater than one half of the
satellite directional reception range and the satellites
together transmit satellite signals to the user location only
within a combined satellite signal transmission range about
the user location, and wherein:

(a) the terrestrial transmitter transmits only in directions
which are outside of the combined satellite signal
transmission range and an angle equal to one half of the
satellite directional reception range outside of the
boundaries of the combined satellite signal transmis
sion range.

3. The apparatus of claim 2 further comprising:
(a) a plurality of terrestrial directional transmitters, each

transmitting from a different terrestrial transmission
location and each transmitting directionally in a limited
azimuth range.

4. The apparatus of claim 1 wherein the first frequency is
in a range of 12.2 gigahertz to 12.7 gigalIertz.

5. The apparatus of claim 1 wherein the first frequency is
above 12.2 gigahertz.

6. The apparatus of claim 1 wherein the satellite direc
tional reception range is approximately eighteen (18)
degrees.

7. A method for simultaneously providing terrestrial sig
nals on a common frequency with satellite signals transmit
ted from a satellite, where the satellite is transmitting at a
first frequency along a satellite transmission axis extending
from the satellite to a terrestrial user location, the method
comprising the step of:

(a) transmitting terrestrial signals at the first frequency in
a limited azimuth range from a terrestrial transmitter,
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14. The apparatus of claim 13 further comprising:

(a) a plurality of terrestrial transmitters each transmitting
from a different terrestrial transmission location and
each transmitting directionally in a limited azimuth
range.

15. The apparatus of claim 12 wherein the first frequency
is in a range of 12.2 gigahertz to 12.7 gigahertz.

16. The apparatus of claim 12 wherein the first frequency
is above 12.2 gigahertz.

17. The apparatus of claim 12 wherein the satellite
directional reception range is approximately eighteen (18)
degrees.

18. An apparatus for simultaneously transmitting terres
trial signals on a common frequency with satellite signals

15 transmitted from a satellite, the satellite transmitting satellite
signals at a first frequency to a user location for reception
only within a satellite directional reception range about the
user location, the apparatus comprising:

(a) a terrestrial for transmitting terrestrial signals at the
first frequency from a fixed terrestrial location which
forms a fixed geometry with the user location and the
satellite, the terrestrial transmitter being located with
respect to the user location such that the terrestrial
transmitter transmits to the user location along a route
which is outside of the satellite directional reception
range about the user location.

19. The apparatus ofclaim 18 wherein satellite signals are
transmitted from a plurality of satellites in geosynchronous

30 ;:~~~~~o~~~~~c~::~a~:g~O;e~~~ht~a~e~n:a~~t~/:h~
satellite directional reception range and the satellites
together transmit satellite signals to the user location only
within a combined satellite signal transmission range about
the user location, and wherein:

35
(a) the terrestrial transmitter transmits only in directions

which are outside of the combined satellite signal
transmission range and an angle equal to one half of the
satellite directional reception range outside of the
boundaries of the oombined satellite signal transmis
sion range.

20. The apparatus of claim 18 further comprising:
(a) a plurality of terrestrial transmitters, each transmitting

from a different fixed terrestrial transmission location
which forms a fixed geometry with the satellite and the
user location.

21. The apparatus of claim 18 wherein the first frequency
is in a range of 12.2 gigahertz to 12.7 gigahertz.

22. The apparatus of claim 18 wherein the first frequency
50 is above 12.2 gigahertz.

23. The apparatus of claim 18 wherein the satellite
directional reception range is approximately eighteen (18)
degrees.

the terrestrial transmitter being located with respect to
the user location so as to transmit to the user location
along a transmission route which is outside of a satellite
directional reception range about the user location,
wherein the satellite directional reception range com- 5

prises a limited directional range substantially centered
on the satellite transmission axis.

8. The method of claim 7 further comprising the step of:
(a) transmitting terrestrial signals at the first frequency

and within a limited terrestrial azimuth range from a 10

plurality of terrestrial transmitters at different locations.
9. The method of claim 7 wherein the first frequency is in

the range of 12.2 gigahertz to 12.7 gigahertz.
10. The method of claim 7 wherein the first frequency is

above 12.2 gigahertz.
11. The method of claim 7 wherein the satellite directional

reception range is approximately eighteen (18) degrees.
U. An apparatus for facilitating the use of terrestrial

transmitted signals which are transmitted on a common
frequency simultaneously with satellite signals transmitted 20

from a satellite, the satellite transmitting satellite signals at
a first frequency to a terrestrial user location along a satellite
transmission axis, the apparatus comprising:

(a) a terrestrial transmitter for transmitting terrestrial
signals at the frequency to the user location, the ter- 25

restrial transmitter being location with respect to the
user location such that the terrestrial transmitter trans
mits to the user location along a route which is outside
of a satellite directional reception range about the user
location, wherein the satellite directional reception
range comprises a limited directional range substan
tially centered on the satellite transmission axis; and

(b) a terrestrial receiving antenna at the user location for
receiving signals at the first frequency only within a
terrestrial directional reception range about a centerline
of the terrestrial antenna, the terrestrial antenna being
aligned to receive signals transmitted at the first fre
quency from the terrestrial transmitter location, and
being aligned so that the satellite transmission axis is 40

outside of the terrestrial directional reception range.
13. The apparatus of claim 12 wherein satellite signals are

transmitted from a plurality of satellites in geosynchronous
orbit, each satellite separated from each other satellite in a
geosynchronous arc by an angle greater than an angle equal 45

to one half of the satellite directional reception range and the
satellites together transmit satellite signals to the user loca
tion only within a combined satellite signal transmission
range about the user location, and wherein:

(a) the terrestrial transmitter transmits only in directions
which are outside of the combined satellite signal
transmission range and an angle equal to one half of the
satellite directional reception range outside of the
boundaries of the combined satellite signal transmis
sion range.
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SUMMARY OF ruE INVENTION

It is an object of the invention to provide terrestrially
transmitted signals simultaneously with satellite transmitted
signals at the same frequency. The invention includes an
apparatus and method for use in transmitting terrestrial
signals simultaneously with satellite signals transmitted at a
common frequency.

The object of the invention is accomplished by transmit
ting terrestrial signals in a manner which ensures that they
do not interfere with satellite signals transmitted at the same
frequency. Embodiments of the invention may take advan-

30 tage of receiving antennae having a limited directional
reception range or look angle and may include transmitting
the terrestrial signals in a different range of directions than
those in which the satellite signals are transmitted. The
power level at which the terrestrial signals are transmitted
and the directional nature of the satellite receiving antennae
ensure that the satellite transmitted signals can be discrimi-
nated from the terrestrially transmitted signals. Although the
terrestrial signal transmission power is limited to a non
interfering transmission power level, the terrestrial trans
mission is still strong enough to produce a usable signal at
a distant location.

Several different signals will be discussed in this disclo-
sure. The term "satellite signals" refers to signals transmitted
directly from a satellite, whereas the term "terrestrial sig
nals" refers to signals transmitted directly from a terrestrial
transmitter. "Satellite input signals" refers to signals result-
ing from satellite signals which have been picked up by an
antenna and subjected to gain provided by the antenna.
Finally, "terrestrial input signals" refers to signals resulting
from terrestrial signals which have been picked up by an
antenna and subjected to gain provided by the antenna.

The invention is employed in the situation in which
satellite signals are transmitted at a satellite transmission
frequency to a terrestrial location. The satellite signals travel
along a satellite signal route from the satellite to the terres
trial location and to a satellite receiving antenna at the
location for receiving the satellite signals. In some embodi
ments of the invention, the satellite receiving antenna is
omni-directional, that is, provides generally the same gain
regardless of the direction from which the signals reach the
antenna. In other forms of the invention, the satellite receiv-
ing antenna has a directional reception characteristic in
which the gain provided by the antenna reaches a peak along
an antenna centerline and generally decreases as the angle
from the centerline increases.

The omni-directional satellite receiving antenna need not
be oriented in a particular direction to receive signals from

10

shown in the 5,483,663 Patent may be implemented with a
multiple antenna arrangement, or with a single, moveable
antenna. In the multiple antenna arrangement, two separate
antennas direct the received signals to a common propaga-

5 tion path for processing as if they were received by a single
antenna and transmitted from a single location. In the single
antenna arrangement, the antenna is movable between a
position to receive DBS signals and another position to
receive terrestrial signals.

The advantage of the system shown in U.S. Pat. No.
5,483,663 is that local originating signals, whether carrying
data for television or other data, may be received simulta
neously with DBS signals, and processed with the same or
similar equipment as that used to process the DBS signals.

15 The local originating signals may carry local television
programming which may be received along with the national
or regional DBS television programming.

1
APPARATUS AND METHOD FOR

FACILITATING TERRESTRIAL
TRANSMISSIONS AT FREQUENCIES ALSO
USED FOR SATELLITE TRANSMISSIONS

TO A COMMON GEOGRAPHIC AREA

This invention relates to apparatus and methods for broad
casting and receiving data, including digital television
signals, voice signals, and other data. More particularly, this
invention relates to an apparatus and method for providing
terrestrial transmissions simultaneously along with direct
broadcast satellite transmissions on a common frequency
and for setting the transmission power level for the terres
trial transmissions.

20
Currently, television signals may be received from a

satellite in geosynchronous orbit about the earth. The tele
vision signals are transmitted from a terrestrial transmitter to
the satellite, perhaps communicated between different
satellites, and then retransmitted from a satellite so that the 25

signals can be received by terrestrial receivers within a
certain geographic receiving area within a line of sight of the
satellite. In addition to television signals, other types of data
may also be transmitted to consumers through satellites in
either geosynchronous or non-geosynchronous orbit.

Direct broadcast satellite service (DBS) refers to satellite
transmission of television signals and other data directly for
use by individual households or subscribers having the
proper signal receiving equipment. The U.S. Federal Com
munications Commission has dedicated the electromagnetic 35

spectrum from 12.2 gigahertz to 12.7 gigahertz for DBS
broadcasting. Numerous signal carriers are located within
the DBS spectrum, each carrier carrying several individual
television channels. Depending upon the compression tech
nology applied to these signals, literally hundreds of sepa- 40

rate channels may be available through DBS. A great benefit
of the DBS system as opposed to prior satellite systems is
that only a small dish-type antenna is required to receive the
DBS signals and the alignment of the receiving dish is not
as critical as earlier satellite broadcast systems. Also, the 45

DBS system will provide high quality reception at any point
in the geographic receiving area of a satellite without the
expense of land transmission lines such as those required for
cable television.

Current regulations require that DES satellites be sepa- 50

rated from each other by at least nine (9) degrees in a
geosynchronous arc. The receiving antenna for DBS signals
must, therefore, be limited to receiving signals in a direc
tional range measuring plus or minus nine (9) degrees from
a centerline of the antenna. Receiving signals in a range 55

wider than the satellite spacing would cause interference by
signals transmitted by different satellites on the same fre
quency. The limited directional reception range of the DBS
receiving antenna is the result of the gain provided by the
antenna being asymmetrical about the antenna structure. 60

DBS signals reaching the DBS receiving antenna at angles
outside of the directional range of the antenna receive
insufficient gain to interfere with the desired DBS signals
received within the antenna directional range.

U.S. Pat. No. 5,483,663 is directed to a system having a 65

receiver arrangement in which DBS and terrestrial signals
are received within similar frequency bands. The system

This application is a continuation-in-part of application
Ser. No. OSn31,244 filed Oct. 11,1996, now U.S. Pat. No.
5,761,605.

BACKGROUND OF ruE INVENTION


