a2 United States Patent

Tawil et al.

US006169878B1

(10) Patent No.:
5) Date of Patent:

US 6,169,878 B1
*Jan. 2, 2001

(54

(75)

(73)

@D
(22

(63)

(D
(52)
(58)

APPARATUS AND METHOD FOR
TRANSMITTING TERRESTRIAL SIGNALS
ON A COMMON FREQUENCY WITH
SATELLITE TRANSMISSIONS

Inventors: Carmen Tawil;, Saleem Tawil, both of
Austin, TX (US)

Assignee: Northpoint Technology, Ltd., Austin,
TX (US)
Notice: 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(a)(2).

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

This patent is subject to a terminal dis-
claimer.

Appl. No.: 08/991,265
Filed: Dec. 16, 1997
Related U.S. Application Data

Continuation of application No. 08/731,244, filed on Oct.
11, 1996, now Pat. No. 5,761,605.

Int. CL7 oo, HO04H 1/00;, HO4B 7/185
US. Cl e 455/3.2; 455/13.3
Field of Search ............cccooooevviinn. 455/3.2, 13.3,

455/427, 430, 12.1, 63, 272, 188.1, 179.1,
561, 562; 348/6, 12, 13; 343/378-879,
725, 893, DIG. 2, 705

(56) References Cited
U.S. PATENT DOCUMENTS
5,604,508 *  2/1997 ALKINSON weormmrrreeemerrrsrrerreenne 343/879
5,729,825 * 3/1998 Kostreski et al. ....ccooceeeennne 455/3.1

* cited by examiner

Primary Examiner—Nguyen Vo
(74) Attorney, Agent, or Firm—Shaffer & Culbertson, LLP;
Russell D. Culbertson

(7) ABSTRACT

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 (12) 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).

23 Claims, 2 Drawing Sheets
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APPARATUS AND METHOD FOR
TRANSMITTING TERRESTRIAL SIGNALS
ON A COMMON FREQUENCY WITH
SATELLITE TRANSMISSIONS

This application is a continuation of application Ser. No.
08/731,244, filed Oct. 11, 1996, now U.S. Pat. No. 5,761,
605.

BACKGROUND OF THE INVENTION

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
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
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.

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
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
applied to these signals, literally hundreds 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 DBS
signals and the alignment of the receiving dish is not critical.
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-
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
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
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
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-
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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 programming which may be
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
and DBS signals on a common frequency cannot be utilized
simultaneously.

SUMMARY OF THE 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 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.

BRIEF DESCRIPTION OF THE 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.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The apparatus according to the invention for providing
terrestrially transmitted signals simultaneously on the same
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.
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FIG. 1 shows four satellites 12a, 12b, 12¢, and 12d spaced
apart at four separate directions from a user location 14. In
geosynchronous orbit, 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
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 12a—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
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 broadcast satellites within the line of
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
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
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
such as due north, commonly zero degrees. “Elevation”
refers to the angle of the antenna centerline above horizon-
tal.

TABLE 1
Satellite
Longitude Azimuth Elevation

61.5 124.5 373
101 186.4 54.6
110 2033 52.3
119 217.7 47.8
148 2473 257
157 2533 17.9
166 258.8 10.1
175 2635 2.3

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
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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
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-
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
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
only within a directional reception range r max. about the
antenna centerline 30. The total 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-
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.



US 6,169,878 B1

5

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
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,
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.
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 124 transmits with respect to the
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-
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
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
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
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
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
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-
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
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
terrestrial directional reception range about the antenna
centerline 30.
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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 scope
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 gigahertz.

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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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-
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
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.

12. An apparatus for facilitating the use of terrestrial

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

(2) a terrestrial transmitter for transmitting terrestrial
signals at the frequency to the user location, the ter-
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
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
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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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
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 of claim 18 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.

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

is above 12.2 gigahertz.

23. The apparatus of claim 18 wherein the satellite

directional reception range is approximately eighteen (18)
degrees.
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