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OTHER PUBLICATIONS 
“Spectral Reuse in 12 GHz Satellite Communication 
Systems”, by D. 0. Reudink et al. in IEEE Conference 

includes ground stations located at or near the periph- 
ery of the overall coverage region adapted to receive 
these beacon signals. At a central control station these 
beacon signals are compared to provide first signals 
proportional to the ratio of said beacon signals received 
from said transmit antenna system and said broad beam 
width antenna and second signals proportional to the 
ratio of said beacon signals received from said satellite 
receive antenna system and said broad beam width 
antenna. The central station generates from said first 
signals transmit antenna control signals which are sent 
to the satellite to control the orientation of said transmit 
antenna system. Likewise, the central control station 
generates from the second signals receiver antenna con- 
trol signals which are applied to the satellite to control 
the orientation of the satellite receive antenna system. 

14 Claims, 5 Drawing Figures 
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coverage of selected ground sites. Pointing of the anten- 
nas is thus required within an accuracy of about 20.05, 
degrees i.e., approximately one tenth of the beam width. 
As conceived, the transmit and receive antennas for 

The invention described herein was made in the per- 5 these future satellites would be separated by at least 12 
formance of work under a NASA contract and is sub- feet. Pointing of only one antenna, transmit or receive, 
ject to the provisions of Section 305 of the National by means of orienting the overall spacecraft using the 
Aeronautics and Space Act of 1958, Public Law 85568 attitude determination control subsystem would result 
(72 Stat. 42 U.S.C. 2457). in incorrect pointing of the other antenna due to me- 

This invention relates to a satellite antenna pointing 10 chanical and thermal distortions in the antenna struc- 
system and more particularly to an antenna pointing ture and reflector. Separate pointing of the receive and 
system like that described in copending application Ser. transmit antennas (and thus the spot beams) is necessary 
No. 352,882, filed Feb. 26, 1982 of I. Brown entitled because of the large antenna structures required for 
“SATELLITE COMMUNICATION SYSTEM’. Ac- both transmit and receive reflectors. 
cording to one embodiment of this Brown application 15 Disadvantages of the monopulse approach of solving 
pointing errors are minimized by comparing the re- this problem would include (1) the need for onboard 
ceived signals at ground stations located near the pe- signal detection and processing plus a ground station 
riphery of the desired beam and changing the position beacon transmitter, and (2) susceptibility to beam distor- 
of the satellite antenna to compensate for these errors. tions that move the tracking null with respect to the 

which employ orbiting satellites as relay stations in the According to one embodiment of the present inven- 
transmission of radio signals from one point to another tion an improved satellite pointing system is achieved 
on earth. The most practical and low cost method of by applying a satellite-generated beacon signal to the 
achieving communication satellites is to place these spatially separated satellite transmitter and receiver spot 
communication satellites in a geosynchronous orbit at 25 beam antenna systems and to a broad coverage radiating 
about 22,300 miles from the earth’s surface and above antenna which radiates over the coverage area of all of 
the earth’s equator so that the orbit time approximates the spot beams. A plurality of ground stations located at 
that of the earth’s rotation and the satellite appears or near the periphery of the broad beam receive both 
stationary from the earth and hovering over a given the spot beams and the broad beam to produce ratio 

SATELLITE DUAL ANTENNA POINTING 
SYSTEM 

Various systems have been proposed heretofore 20 beam of interest. 

region. By various means such as use of a momentum 
wheel(s) and an exchange of momentum, a platform 
containing an antenna can be positioned so that the 
antenna continuously faces the earth and a desired cov- 
erage region. 

In geosynchronous communication satellites, weight 
and power limitations dictate that the satellite antenna 
coverage pattern be shaped and pointed to fit as closely 
as possible to the predetermined area of the earth’s 
surface which is to be served by this satellite. In orbit, 
disturbances or distortions which change the pattern 
shape or move it away from the desired location should 
either be minimized by design, if possible, and/or com- 
pensated by in-flight corrections. A less desirable alter- 
native is to modify the antenna design to enlarge its 
pattern to take into account the effects of all these fac- 
tors; but this reduces the peak gain, the loss of which 
must be made up by increasing the satellite power out- 
put and correspondingly satellite weight. 

In the higher communications frequency bands, it is 
generally desirable to provide increased antenna gain in 
order to offset the increased path loss. When the gain is 
increased, the gain gradient at the edge of the beam 
magnifies all of the in orbit disturbances or distortions 
which change the pattern shape or move it away from 
the desired location. 

Satellites operating in the 30/20 gigahertz (GHz) 
frequency region are presently being considered. Com- 
munication satellites at these frequencies would be 
highly susceptible to the pointing errors and basically 
require some method for improving the pointing accu- 
racy of the antenna. It is planned that communication at 
these frequencies would consist of providing spot beams 
whereby the satellite would receive signals from one 
local region of, for example, the United States and 
transmit a spot beam to another local region, with the 
spot beams being approximately 0.4 degrees beam 
width. The transmit and receive antennas to be pointed 
will provide the spot beam (approximately 0.4 degrees) 

30 signals which are used to determine the individual 
pointing errors of the satellite transmit and receive an- 
tennas and so generate control signals for adjusting 
separately the transmit and receive antenna pointing. 
The satellite includes means for independently pointing 

35 the transmit and receive antennas in response to the 
control signals. 

In the drawing: 
FIG. 1 is a functional sketch of a satellite orbiting the 

earth and providing spot beam coverage of the United 
40 States, for example, in accordance with one preferred 

embodiment of the present invention; 
FIG. 2 is a more detailed functional sketch of the 

satellite system of FIG. 1; 
FIG. 3 is a simplified diagram of the beam switching- 

FIG. 4 is a block diagram of one ground station and 
FIG. 4 is a block diagram of the central control station; 
and 

FIG. 5 is a more detailed functional block diagram of 
50 the satellite system according to one embodiment of the 

present invention. 
Referring to FIG. 1 there is illustrated by way of 

example a functional sketch of a satellite 10 orbiting the 
earth (only continental U.S. shown), for example, above 

55 the equator and 22,300 miles above the earth’s surface 
so as to be in the geostationary orbit. By means of ex- 
change of momentum with the momentum wheel loa, 
for example, the satellite body 10b is positioned so that 
its transmit antenna system 11 and receive antenna sys- 

60 tem 13 are always pointed toward the United States. 
The satellite transmit antenna 11 as shown in detail of 
FIG. 2 may include a large parabolic reflector lla, a 
sub-reflector llb and a plurality of radiator horns llc. 
The satellite receive antenna system 13 may also include 

65 a large parabolic reflector 134 a sub-reflector 13b and a 
plurality of horns 13c. In addition, the satellite 10 in- 
cludes for example, a horn radiator 15, as part of this 
invention which produces a CONUS (continental 

45 /calibrate unit; 
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United States) beam pattern indicated by dashed line 17, 
FIG. 1. The CONUS horn antenna 15 produces the 
pattern 17 such that a substantially complete coverage 
of the continental United States outline results as repre- 
sented by a line 19. This CONUS coverage is approxi- 
mately 3” by 5” .  The transmit and receive antenna sys- 
tems 11 and 13 when excited at the horns produce rela- 
tively narrow spot beams each of about 0.4“ beam 
width. A few of these spot beams are indicated by the 
circles 20. The spot beams shown are for the selected 
ground stations for Eos Angeles (station 21), Houston 
Texas (station 22), Tampa (station 23), Cleveland (sta- 
tion 24), Washington D.C. (station 25) and New York 
(station 26). The position of the feed horns l l c  or 13c 
relative to the reflectors l l a  and l l b  or 13a and 13b. 
respectively, would be such as to produce spot beams 
for all of the desired communication ground stations. 
The subject application is an extension of a previously 
described system of Irving Brown, assigned to RCA 
Corporation, entitled “SATELLITE COMMUNICA- 
TION SYSTEM”, RCA 77,217 filed Feb. 26, 1982 and 
Ser. No. 352,882. In this prior art system, a CONUS 
communication beam is transmitted to ground stations 
at sites near the periphery of the coverage region where 
it is compared with a broader than CONUS horn radia- 
tor pattern from a beacon source to derive any changes 
in the beam pattern from that desired and such errors 
are then communicated back to the satellite to change 
the attitude of the satellite to reposition the transmit 
antenna to provide the desired CONUS coverage. 

In accordance with this invention for spatially sepa- 
rated transmit and receive antennas, the transmitted 
communication signals are radiated as spot beams to 
selected ground sites rather than to a broad coverage 
region. Beacon signals are sent via the communication 
antennas and are received at certain selected ground 
sites which are near the periphery of the coverage re- 
gion. These beacon signals are compared at the ground 
stations to a received CONUS beacon signal beam 
transmitted from the satellite horn antenna to detect any 
antenna error and such error signals are used to provide 
control signals to the satellite to reposition the antennas. 
The selected ground stations are, for example, the Los 
Angeles station 21, the Cleveland station 24, the Tampa 
station 23 and the New York station 26. The principle 
involved is a measurement of the ratio between re- 
ceived spot beam signals from the receive and transmit 
spot beams antenna systems at each of these four se- 
lected ground stations and the received signals from the 
reference CONUS horn antenna 15. The antenna posi- 
tioning errors detected by comparing the received sig- 
nals at the four selected ground stations are used to 
derive errors in the spot beams by an estimation algo- 
rithm. Pointing corrections are calculated and sent as 
offset biases and times for an on-board computer pro- 
gram stored in the satellite attitude control system. The 
four selected ground stations 21, 23, 24 and 26 will 
measure the ratio between the signals transmitted se- 
quentially via the CONUS horn IS and the communica- 
tions transmit antenna system 11. These same four se- 
lected ground stations 21, 23, 24 and 26 will also mea- 
sure the ratio between the signals transmitted sequen- 
tially via the CONUS horn and the communications 
receive antenna by switching the beacon signal from the 
transmitter antenna system 11 to the receiver antenna 
system 13. 

Referring to FIG. 3 there is illustrated a simple func- 
tional block diagram of the beam switching and cali- 
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4 
brate unit on the satellite 10. On the satellite 10 a beacon 
generator 39 will generate a beacon signal close to the 
transmit communications frequencies via switches 40 
and 41 to the CONUS beam horn 15 and then sequen- 
tially via switch 40 in a second position via terminal 406 
as shown through a 3 db attenuator 42 to the CONUS 
horn 15. The beacon signal via the 3 db calibrate attenu- 
ator 42 to the CONUS horn 15 produces theoretically 
the pattern illustrated by dashed line 17a in FIG. 1. The 
“calibrate sequence” via attenuator 42 permits calcula- 
tion of a conversion constant that converts a measured 
voltage difference on the ground to a known 3 db 
change in the spacecraft EIRP. Alternately, this 3 dB 
calibrate feature can be incorporated in the receive 
stations. A short time thereafter the switch 40 is re- 
turned to contact terminal 40a (indicated by dashed 
line) and switch 41 to contact terminal 41a (indicated by 
dashed line) and the beacon signal is applied to the 
satellite transmitter antenna system 11 via switches 40, 
41 and 43 whereupon the same beacon signal would be 
radiated as four spot beams 20 to the trunking ground 
stations 21, 23, 24 and 26. At these ground stations 21, 
23,24 and 26 these four spot beams 20 will be received 
as well as the CONUS beacon signal from horn 15 and 
the data or processed version of the same is sent via land 
lines for example to the central control station 30. At 
the central control station 30 the data received will be 
processed according to an estimation algorithm (that 
includes spacecraft antenna pattern information) to 
determine roll and pitch (attitude motion information) 
relative to the spacecraft transmit antenna 11. This in- 
formation is then compared to determine errors in the 
desired pattern to determine if there are offset error 
values in the roll and pitch directions and any correc- 
tion signals are derived therefrom and are transmitted to 
the spacecraft via the central control station antenna 31 
at a command frequency as part of the telemetry and 
control system commands to the spacecraft 10. 

The correction signals radiated from central control 
station antenna 31 are received by either the receive 
antenna system 13 of the spacecraft or an omni antenna 
34, see FIG. 2. The correction signals are detected at 
the command receiver CR&T 100. The command re- 
ceiver (CR&T) 100 is tuned to a command frequency 
near the receive frequency, for example. The command 
receiver 100 input is connected to both the horns 13c for 
antenna system 13 and to the omni antenna 34 (also 
called command and telemetry antenna) and they re- 
ceive correction signal commands via either path. Cor- 
rection signals which are detected at the command 
receiver 100 by means of, for example, the filter 37 and 
receive antenna 13 indicative of the attitude errors of 
the transmit antenna system of the satellite are coupled 
from the CR&T receiver 100 to transmit antenna reflec- 
tors l l a  and l l b  pitch and roll step motors 46 to correct 
for pointing errors of the satellite transmit antenna sys- 
tem 11. Yaw attitude corrections are not included as 
yaw attitude errors have a small effect. The position of 
the receive antenna system 13 is independently cor- 
rected using the satellite attitude control system. The 
receive antenna position errors are similarly detected by 
switching the beacon signal via switch terminal 43a (as 
illustrated by dashed line in FIG. 3) to the receive an- 
tenna system for transmitting the beacon signal as spot 
beams via the receive antenna 13 and by comparing the 
transmitted signal as spot beams via the receive antenna 
13 to both the CONUS horn 15 and the CONUS horn 
“calibrate” signal in a manner similar to that described 
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in connection with the transmit antenna. Again, the four ods in order for the clock 69 to differentiate at the out- 
active trunking ground stations will sendthe detected 
signals and the central control station will measure the 
ratio between the beacon signals received sequentially 
via the CONUS beam and the communications received 
antenna spot beams and these four signals are processed 
at a computer in central control station 30 according to 
an estimation algorithm to produce correction signals 
for roll and pitch that can be transmitted to the satellite 
via either the receive antenna 13 or the omni antenna 34 
to the command receiver CR&T 100. In the receive 
antenna system 13 correction case, however, the atti- 
tude control system 50 of the spacecraft is energized, 
and attitude control system 50 changes the attitude of 
the spacecraft to correct for the receive antenna error in 
pitch and roll. Attitude correction can be accomplished 
using thrusters 51 for example or using magnetic torqu- 
ing as described by L. Muhlfelder et al. in U.S. Pat. No. 
4,062,509. Although switches were used in the illustra- 
tion of FIG. 3, PIN diodes and PIN diode drivers and 
logic circuits may be used to provide the switching 
between the calibrate and the CONUS, receiver and 
transmitter horns with the power from each of the 
horns being power divided and split equally to the four 
trunking horn antennas associated with stations 21, 23, 
24 and 26 in a manner well known in the state of the art. 

Referring to FIG. 4 there is illustrated in block dia- 
gram form an example of a receiver ground station 
(RGS) for providing the beacon signals. The received 
communications from the satellite would be picked up 
from antenna 61 and applied to receiver 63. These com- 
munication signals would be passed on to a final utiliza- 
tion device such as a telephone 62. The beacon signals 
transmitted sequentially from the CONUS horn 15, the 
transmit antenna systems 11 and receive antenna system 
13 of the satellite 10 would be received at antenna 61 
and applied to receiver 63. These detected beacon sig- 
nals from receiver 63 are separated from the communi- 
cation signal by filter 62u and are then sent from each of 
the receiver ground stations (RGS) 21,23,24 and 26 via 
a narrow band link such as a telephone line to the cen- 
tral control station (CCS) 30 where they are sequen- 
tially coupled to sample and hold circuits 65, 66, 67 and 
68 as shown in FIG. 4A. The beacon signal radiated 
from the CONUS antenna horn 15 of the satellite with- 
out passing through attenuator 42 would be applied first 
to sample and hold circuit 65, for example, and the 
beacon signals radiated from the CONUS horn 15 cou- 
pled through the 3 db attenuation would be picked up 
and applied to sample and hold circuit 66. In the next 
sequence of events the beacon signal from the transmit 
antenna would be coupled to sample and hold circuit 
67. These beacon signals would be compared at com- 
parator 70 to produce a first output signal (Mi for exam- 
ple) which would represent the ratio between the sig- 
nals received sequentially from the CONUS beam and 
the transmit antenna spot beam where the CONUS 
signal is calibrated relative to the 3 db calibration signal. 
The next beacon signal received in the proper timing 
sequence would be applied to the sample and hold cir- 
cuit 68 and will represent the signal transmitted via the 
satellite receive antenna system and this would be com- 
pared at comparator 70 to the CONUS beam to produce 
a signal proportional to the ratio of the CONUS and the 
receive antenna spot beam at terminal 71. The whole 
sequence to the sample and hold circuits will be con- 
trolled via switch 64 and clock 69, synchronized with 
that of the satellite 10, and with unequal switching peri- 

put of the comparator the two beacon transmissions 
from the horn antenna 15 and the beacon transmission 
from the transmit antenna 11 and receive antenna 13 and 

5 to differentiate the remote ground stations. 
These ratio signals (Mi) provided from the compara- 

tor 70 are processed by computer 120 to produce satel- 
lite attitude control signals to correct for receive an- 
tenna pointing errors and to produce pitch and roll step 

lo motor control signals to correct for the transmit an- 
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tenna pointing errors. The computer 120 processes the 
measured ratio signals Mi from each of the several 
ground stations and based on stored individual sensitivi- 
ties for each station calculates the roll, pitch and yaw 
errors of the respective transmit or receive antenna. 
From these roll, pitch and yaw errors, control signals 
are generated at signal generator 1200 to correct for 
antenna pointing errors. The control signal generator 
may be part of computer 120. These control signals are 
transmitted to the satellite for example via the command 
transmitter 130 and antenna 31. Alternatively, these 
ground stations 21, 23, 24 and 26 may be coupled via a 
microwave relay link to the central control ground 
station 30. In another embodiment the ratio signals may 
be derived at each of the ground stations and these are 
relayed via the satellite to the central ground station 30 
where the correction signals are derived and sent to the 
satellite. In still another embodiment the ratio signals at 
the ground stations are sent to and processed at the 
satellite to derive the necessary antenna pointing signals 
by an on-board computer. 

In this later arrangement either the receive antenna 
system 13 or the omni antenna 34 receive the ratio sig- 
nals directly from the peripheral ground stations 21,23, 
24 and 26. These ratio signals are transmitted for exam- 
ple with a ground station identifier code. The command 
receiver 39 includes for this example a computer and 
means for tagging the ratio signals and via the computer 
processing these signals according to an algorithum to 
determine if there are pointing errors and if so produc- 
ing the control signals to correct the pointing errors. 

The composite antenna beam pointing error is deter- 
mined by an RSS (Root Sum Square) of the basic spot 
beam error and the error contributed by the satellite 
attitude control system. The basic spot beam error is a 
function of the error in measurement of the CONUS 
beam signal ratio and the spot beam antenna pattern. 
Further, the error in measurement of the CONUS beam 
signal ratio is the combination of errors due to (1) re- 
ceived signalhoke ratios, (2) measurement equipment 
uncertainty and (3) CONUS horn effects (beam slope 
times angular uncertainty). Analyses conducted incor- 
porating all the above considerations show expected 30- 
error values of t0.043" for pitch and k0.046" for roll at 
each of the ground based active trunking (measure- 
ment) ground stations. The overall system pointing 
accuracy determined at the central control station is 
improved when based on computations using the (typi- 
cally) four data points and a smoothing algorithm. 

The locations for the ground stations used provide a 
diversity of measurements of pitch, roll, and yaw mo- 
tion of the communication antenna pattern. The data 
base for each ground station is obtained from the nomi- 
nal (predicted or measured) spacecraft antenna pattern 
data. The data required for each station consist of: 

1. The nominal ratio measurement for the station. 
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2. The nominal azimuth A and elevation E coordi- 81c for transmission to Cleveland transmit antenna ele- 
nates of the station i relative to the spacecraft antenna ment 96. The output signals from the switching matrix 
pattern (Al, E$. 81 are applied and up converted to 18 to 19 gigahertz, 

3. The vector gradient Of the ratio measurement M I  in for example by UP converters 83, amplified by TWT 
terms of azimuth and elevation components (aMi/- 5 amplifiers 85 and applied via directional filters 87 and 88 
a AX aMi/aE).  measurement^ here, refers to measured to the transmit antenna 11 via, for example, horns 95,96, 
ratio of signal received from communications antenna 97 and 98. F~~ example, the signals from L~~ ~~~~l~~ 
to the signal received from the CONUS coverage refer- receive antenna element 75 are routed in the matrix 81 

from the Los Angeles input at terminal 81a to terminal ence antenna (horn). 
of each station mea- 10 81b of matrix 81 and converted at converter 83 and is From these data, the sensitivities 

surement to spacecraft yaws and pitch attitude applied to the Cleveland transmit antenna element 96 
via TWT amplifier 85a and directional filter 87. In a 
similar manner, various beams from other ground sta- 
tions may be converted and routed via the switches 89, 

*5 90,101 and 103 to other spot beams under control of the 
CR&T system as desired. Under control of the CR&T 
system 100 control signals are sent to the beam switch- 
ing calibrate unit 105 which sequentially activates the 
switches 40,41 and 43 (FIG. 3) and provides the beacon 
signals to the CONUS horn 15 as indicated in FIG. 2 
and to apply beacon signals via lead 108 and via direc- 
tional filters 87 and 88 to the transmit antenna elements 
95,96,97 and 98 for example, or to the receive antenna 
via the directional filters 109 and 110 via lead 118. As 

a 25 mentioned previously the signals at the receive antenna 
can be used to apply the control signals for the satellite 
antennas and this may be done via the signal from the 

3o applies the control signals to the tracking and control 
telemetry system 100 of the satellite via lead 119. The 
signals from the tracking and control telemetry system 
100 received from the ground can be applied to either 
the spacecraft attitude control system to point the re- 

mate of the attitude errors that caused the actual mea- 35 ceive antenna, or io the reflector pitch and roll adjust- 
surement: ment to point the transmit antenna. In the alternative 

signals from the system 100 can be applied to step mo- 
tors coupled to the receive antenna and the transmit 

errors are defined as follows: 

aMI 
+ (SIn (4)) "7 

roll: - aM, = [ (....;j-) sin (EL) (sin (AI))  . +] - + 
a+ 

aMI aMi 

rn practice only roll and pitch are needed, since yaw 
errors are not corrected. 

The resulting roll and pitch sensitivities 
sensitivity mat*x A, containing a row for each station 
to be used and two columns (roll and pitch). The mea- 

attitude errors X, as follows: 

Pitch: 7 = - - aA 

surement, M, conld in principle be predicted from the Cleveland element 76 Via direction filter 113 which 

M= [AIX 

The solution of this equation is the least-squares esti- 

X=([A]T[A])-1[A]Th4 

in the present case only a small set of equations (4 to6) 
need be solved. The Perkin-Elmer 3220 would require 
less than 5 milliseconds for this solution. 

Referring to FIG. 5 there is illustrated an overall 
simplified block diagram of the satellite commmunica- 
tion system. Transmissions from the ground trunking or 
ground stations are received by the receive antenna 
system 13. The horn antennas 75, 76, 77 and 78, for 
example, represent the Los Angeles, Cleveland, Tampa 
and New York receive antenna elements on the satellite 50 
which are, for example, trunking stations. These up-link 
signals are, for example, in the 28-30 gigahertz fre- 
quency range and are applied to a low noise receiver 80 
where the signals are received and down converted to 
an IF frequency somewhere in the range of 3 to 4 giga- 55 
hertz, for example. The signals from the Tampa and 
New York antenna elements 77 and 78 are applied via 
switching network 89 to the low noise receiver 80. Spot 
beams from other locations may be selectively switched 
to the low noise receiver as indicated in the figure to 60 
provide communications from other ground stations. 
Signals from the low noise receiver 80 are applied to a 
switching matrix 81 where, in accordance with sy- 
chronization control signals received at the spacecraft 
via the telemetry subsystem 100 (CR&T), certain input- 65 
/output switch routing is provided. For example, at a 
given moment signals received via Los Angeles antenna 
element 75 may be routed as indicated by dashed line 

antennas-are adjusted by the attitude control system. 
We claim: 
l. A satellite antenna pointing system comprising: 

This procedure is similar to procedures used in reduc- 
ing tracking data for ephemeris determination, although 4o 

a satellite having spatially separated transmit -and 
receive communication antenna systems and sepa- 
rate means responsive to transmit antenna pointing 
control signals and receive antenna pointing con- 
trol signals for independently pointing said trans- 
mit and receive antenna systems, said transmit and 
receive antenna systems being adapted to provide 
selective radiation patterns over an overall cover- 
age region, 

said satellite further having means for generating a 
beacon signal, 

a broad coverage satellite antenna producing a radia- 
tion pattern coverage area on earth including and 
greater than that of said overall coverage region, 

means at said satellite for sequentially applying said 
beacon signal to said broad coverage antenna, said 
transmit antenna system aEd said receive antenna 
system, 

a plurality of peripheral ground stations located near 
the periphery of said overall coverage region and 
at the position of the desired patterns, each of said 
ground stations adapted to receive said beacon 
signals, 

means for comparing said beacon signals from said 
broad coverage antenna and said transmit antenna 
systems for producing a first signal and means for 
comparing said beacon signals from said broad 
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coverage antenna and said receive antenna system 10. The combination of claim 9 wherein said means 
for producing a second signal, for sequentially applying said beacon signal includes 

means responsive to said first signals from said plural- telemetry and control system of the spacecraft. 
ity of peripheral ground stations for producing said 11. A method for pointing separated transmit and 
first transmit antenna pointing control signal and 5 receive communication antenna systems comprising the 
responsive to said second signals from said plural- steps of: 
ity of peripheral ground stations for providing said 
receive antenna pointing control signals, and 

means for applying said transmit antenna pointing 
control signal and said receive antenna pointing lo 
control signal to said separate pointing means at 
said satellite for independently pointing said trans- 
mit and receive antenna systems. 

2. The combination of claim 1 wherein said means for 
producing said first transmit antenna pointing control 15 
signals and for producing said receive antenna pointing 
control signals includes: 

a central ground station coupled to said peripheral 
ground stations and responsive to said first and 2o 
second signals according to an algorithm to pro- 
duce said receive antenna pointing control signal 
and said transmit antenna pointing control signals. 

3. The combination of claim 2 wherein said central 
ground station is coupled to said peripheral ground 25 
stations via land lines. 

4. The combination of claim 1 wherein said means for 
producing said first transmit antenna pointing control 
signals and for producing said receive antenna pointing 
control signals includes: 

said satellite having an on-board computer and means 
coupled to said computer and responsive to said 
first and second signals sent from said peripheral 
ground stations for processing same according to a 
given algorithm. 35 receive control signals. 

wherein said transmit 

generating a beacon signal at said satellite, 
radiating said beacon signal sequentially from said 

satellite transmit communications antenna system, 
said receive communication antenna system and a 
broad coverage antenna that produces a radiation 
pattern coverage area on the earth including and 
greater than that provided by the overall coverage 
region of said transmit and receive antenna sys- 
tems, 

receiving said beacon signals from said transmit and 
receive communications antenna systems and said 
broad coverage antenna at locations near the pe- 
riphery of the overall coverage region, 

processing said received beacon signals to provide a 
first signal proportional to the ratio of said beacon 
signals from said transmit communications antenna 
and said broad coverage antenna and to provide a 
second signa1 Proportional to the ratio of the Si€? 
nals from said receive communications antenna 
system and said broad coverage antenna, 

computing a transmit frorn said first 
signals from said peripheral receiving locations, 

computing a receive control signal from said second 
signals from said peripheral receiving locations, 
and 

separately pointing said transmit and receive antenna 
systems in response to said separate transmit and 

12. The method of claim 11 wherein said step of com- 

selected spot beam patterns within said overall said first signals from said peripheral locations to each 
other and to a reference to detect an error in the posi- age region. 

6.  The of claim wherein said separate 40 tioning of said transmit antenna system and providing 
an error signal proportional to that difference. means for independently pointing said transmit and 13. A satellite antenna pointing system for use with a receive antenna systems includes step motors for con- system of ground stations distributed over an overall 
coverage region where some of the ground stations are trolling the pointing of the transmit antenna system and 

the attitude control system of the spacecraft for control- 45 located near the periphery of the coverage region and 

are connected together to a central control station ling the pointing of the receive antenna system. 
7. The combination of claim 1 wherein said means for which the signals received at the peripheral ground 

comparing said beacon signals from said broad cover- stations to determine the transmit and receive pointing 
age antenna and said satellite transmit antenna includes said 
means responsive to said signals from said broad cover- 5o satellite comprising: 

viding as said first signal a signal proportional to the 
ratio of said signals, and means for comparing said bea- 
con signals from said broad coverage antenna and said 
satellite receive antenna includes means for providing as 55 
said second signal a signal proportional to the ratio of 
said receive broad coverage antenna signal and said 
satellite receive antenna system signal. 

8. The combination of claim 1 wherein said means for 
applying said transmit antenna control signal and said 60 
receive antenna control signals includes the command 
and telemetry system of said satellite. 

9. The combination of claim 1 wherein said means for 
sequentially applying said beacon signal includes switch 
means for sequentially applying said signal from said 65 
generating means to said broad coverage antenna, said 
transmit antenna system, and said receive antenna sys- 
tem. 

3o 

5, The combination of claim 
and receive antenna systems are adapted to provide puting said transmit signal 

and provides control signals to the 

age antenna and said transmit antenna system for pro- separate transmit and receive communication antenna 
systems, said transmit communication antenna sys- 
tem including means for independently pointing 
said transmit antenna system and said receive an- 
tenna system, a broad coverage antenna adapted to 
provide a radiation coverage area on earth includ- 
ing and greater than said overall coverage region 
provided by said transmit and receive communica- 
tion antenna systems, 

means for generating a beacon signal, 
means for sequentially applying said beacon signal to 

said broad coverage antenna, said transmit antenna 
system and said receive antenna system, whereby 
said peripheral ground stations sequentially receive 
said beacon signals and at said central control sta- 
tion said signals are compared and separate trans- 
mit and receive control signals are generated and 
sent to said satellite, and 
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means at said satellite responsive to said transmit 
antenna control signals for independently Pointing 
said transmit antenna system relative to said re- 
ceive antenna and responsive to said receive an- 
tenna control signal for independently controlling 
the orientation or pointing of said receive antenna 
system. 

14. The combination of claim 10 wherein said means 

for independently pointing said transmit antennas in- 
cludes a step motor control system for controlling the 
position of said transmit antenna and said for 
pointing said receive antenna systems includes said sat- 
ellite attitude control system responsive to said receive 
control signal for changing the attitude of said satellite. 

* e * * * *  
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