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INTERSATELLITE LINK TRACKING ANTENNA POINTING
REQUIREMENTS

D. N. Srinivas
COMSAT Laboratories

Clarksburg, Maryland 20734

ABSTRACT

Intersatellite links (ISLs) appear advantageous for future communications satellite
systems. This paper considers satellites spaced 10E apart on the geostationary orbit.
Based on proposed communications performance goals, it discusses applicable ISL
antenna acquisition and tracking system requirements and cites limitations on the initial
ISL antenna pointing accuracy and the required size of the antenna scan. Also examined
are particular antenna configurations (single or 2-antenna), implementation concepts, and
influences on spacecraft subsystems such as structure, power, and thermal
considerations.

INTRODUCTION

As the name suggests, an ISL connects two satellites which would have different
locations in orbit and serve several ground stations. Typically, an ISL system would
consist of a complete communications package and a tracking antenna assembly as a key
subsystem. The communications package would receive and transmit at two different
frequencies, which are presently assumed to be 25 and 32 GHz. These frequencies, which
were proposed by INTELSAT to be shared with the radio navigation service, must be
approved by the World Administrative Radio Conference (WARC) during its September
1979 meeting. The link would operate with 10-W transmitters and employ FM
remodulation to save power. Global coverage satellite antenna beams would be used for
the earth-to-space and space-to-earth links, and very narrow beams would be used for the
ISL. A major design constraint on the ISL transmission system requires that acceptable
quality be attained during solar conjunction with both satellites.

This paper, which is based upon Reference 1, describes the ISL orbital concept and the
ISL antenna pointing errors due to spacecraft position and attitude errors. It also
establishes the need for an antenna tracking system, outlines two typical antenna
configurations, and stresses possible impact on spacecraft design.



ISL CONCEPT

Figure 1 shows the orbital deployment of two satellites as currently practiced; each
satellite connects different ground stations (a, b, c, or d) within its respective coverage
area. Under this arrangement for example, station a cannot reach station d directly. For
such a connection, first the transmission from station a must reach station c and then
travel via a ground link between stations c and d or by means of another satellite link
which would require additional antennas at earth stations c and d.

An ISL would simplify this problem as shown in Figure 2. As indicated, station a reaches
station d via the ISL and maintains contact with station c at the same time. Hence, the
advantages of ISL implementation are that it reduces the number of up- and down-link
transmissions. The longitudinal separation angle (a) between any two satellites can be
varied as desired. However, for this ISL study, a separation angle of 10E was considered.
(The maximum value is about 160E when earth blockage occurs.) The 10E separation was
based upon the concept of three satellites (two operational and one spare) with 5E
minimum separation. Two satellite antenna configurations were considered.

ISL ANTENNA POINTING REQUIREMENTS

For satisfactory communications performance, it was determined that a 52-dB ISL
antenna gain would be satisfactory at both 25 and 32 GHz. This gain was based upon an
antenna aperture diameter of 2 m and an assumed efficiency of 55 percent. The ISL
antenna “loss of gain” was limited to 1 dB, a boundary that establishes the required
accuracy of the antenna system.

At 32 GHz and for a Gaussian antenna pattern, the required angular accuracy for a 1-dB
gain loss is

or ±0.12E on either side of the peak, where

c = speed of light (3 x 108 m/s)
f = radio frequency (32 x 109 Hz)
D = antenna diameter (2 m), and
n = aperture illumination efficiency (0.55).

The above accuracy of ±0.12E must be supplied by the antenna control system.



After examination of the antenna pointing capability, it can be observed that the pointing
errors result from the positional and attitude errors of the two satellites. Hence, restricting
these satellite errors will reduce the pointing errors. Another factor which contributes to
the pointing error is the longitudinal separation angle, ". Table I shows pointing error
budgets for three different " angles with identical satellite orbital parameters. The orbital
parameter limitations assumed for these calculations are typical values that could be
achieved in the 1980’s.

Table I. ISL Pointing Errors

"
(deg)

Error (deg)

,ISLVertical Horizontal

Position Attitude Total Position Attitude Total

  10

  45

135

1.147

0.261

0.108

  0.104

  0.112

  0.085

  1.251

  0.373

  0.193

  0.190

  0.080

  0.055

  0.050

  0.050

  0.050

  0.240

  0.130

  0.11

±1.274

±0.395

±0.222

As indicated,                     and                      are the total ISL pointing errors in the
normal (vertical) and in plane (horizontal), respectively. The total combined error of both
vertical and horizontal, ,ISL, is equal to                                           . It can be observed
from the table that the separation angle directly influences the total combined error and
that the position error dominates the error budget, which becomes smaller as angle "
increases. However, with a larger separation angle, the antenna size would increase for the
same frequency and antenna efficiency.

A comparison of the values of 2ISL (required accuracy) with ,ISL (satellite provided
pointing accuracy) clearly indicates the need for an ISL antenna tracking operation mainly
comprised of two distinct phases:  mutual beam acquisition and mutual tracking during
operation.



Acquisition Phase

In this phase, the antenna will be pointed by ground command toward the estimated
location of the partner satellite. The following limitations affect the accuracy of the initial
pointing:

a.  positional error of the partner satellite,
b.  attitude error of the host satellite, and
c.  resetting accuracy of the ISL antenna.

The resetting accuracy of the tracking antenna is assumed to be ±0.05E; however,
different accuracies will be determined for different configurations. The scan box limits
for the two satellites 10E apart in the mutual scan plane for acquisition would be

1.251 + 2 x 0.05 = 1.351 vertical (yaw)
0.24 + 2 x 0.05 = 0.340 horizontal (pitch).

Tracking Phase

During this phase, the two partner satellites mutually track each other to satisfy the
required pointing accuracy. The beam steering can be performed electronically or
mechanically. Electronic scanning is constrained by the requirement to steer the
transmitting beam using either multiple transmitter tubes feeding multiple horns or a
variable power divider feeding multiple horns. Neither of these approaches is presently
attractive. However, tracking error derivations can be accomplished electronically and
used with conventional azimuth and elevation motor drives to steer the receiving and
transmitting beams together.

Other promising methods would be monopulse tracking or step tracking. Monopulse
tracking can be fast; if an amplitude monopulse sensor is used to close the ISL antenna
tracking loop, two extra receivers (one for the azimuth and one for the elevation error
signals) are needed. Proper comparison of the received signals determines the horizontal
and vertical angles of arrival. Closed-loop servosystems operate by driving their output
until the error signal is very small. A satisfactory error signal-to-noise ratio can be
obtained by providing a beacon signal at the transmitter, thereby enabling a narrow
bandwidth to be used in the error receivers. The error signal in the vicinity of boresight
becomes weaker than the residual noise, thus defining a dead band for the pointing
system.

The step tracking system commonly employed in earth stations to track synchronous
satellites can also be used. Its sampling nature allows the step commands and error



signals to be looped back to a terrestrial control station. The step size established in either
open-loop or closed-loop tracking must be large enough to prevent unnecessary stepping
forward and backward, and yet small enough to permit several steps within the 1-dB
contour of the antenna. Since the 1-dB contour is estimated at ±0.12E for a 2-m aperture,
a step size of about 0.04E could be used.

Another method limits the ISL antenna pointing error and controls pointing through an
onboard ephemeris computer model, which is an open-loop system receiving commands
periodically from the ground. The ground command feeds the satellite orbital position
errors into this model, and the computer then calculates and directs the ISL antenna to
point in the desired direction. However, for this method the satellite attitude must be
considerably small.

It should be noted that the greatest demand on the acquisition and tracking system occurs
during the periodic satellite stationkeeping maneuvers. The maximum acceleration caused
by the unwanted torque induced by firing the stationkeeping thrusters is estimated to be
0.002E/s2 . At this rate, the antenna would move away from the 1-dB beamwidth (±0.12E
from boresight) in approximately 11 s. This movement must be carefully compensated by
selecting a very small bandwidth for the bandpass filter in the error detection circuit.

SATELLITE/ANTENNA CONFIGURATIONS

Concept 1

Figure 3 shows two independent Cassegrain antennas located on the east and west sides
of a satellite. These sides would face the partner satellites in orbit. The reflector assembly
would be mounted on a gimbaled joint to permit rotation at least around two axes. This
rotational freedom facilitates the achievement of the pointing accuracy and the required
tracking capability. A Cassegrain antenna has certain advantages over a comparable point-
fed paraboloid:  smaller f/D ratio, compactness, lower waveguide losses, and moment of
inertia tracking movements.

Concept 2

Instead of using two separate antennas as in Concept 1, a single antenna system could be
employed to perform the ISL function as shown in Figure 4. An offset-fed antenna is
shown on the north face of the satellite. In this position, the antenna assembly is mounted
again on a gimbaled bearing support assembly. During operation, the antenna assembly
not only rotates about 180E but also tilts to accomplish the tracking function. The
advantage of this concept is that it requires only one antenna assembly. The disadvantages
are that it creates satellite unsymmetry and that the antenna rotational mechanism may
become cumbersome.



ISL IMPACT ON SATELLITE SUBSYSTEMS

Physical - The implementation of an ISL system would certainly increase the total satellite
weight and, more importantly, require additional power. Table II lists the ISL system
weight and power estimates based on separate discrete components. The antenna location
should not block any field of view; it should clear the path of solar array rotation. It is
desirable to maintain spacecraft symmetry, since otherwise unbalanced disturbance
torques will arise.

Attitude Control System (ACS) - Symmetrical ISL antenna deployment about the
spacecraft axes should not have any major effects on the ACS. Single antenna versions
which create satellite asymmetry must be examined more carefully.

Thermal - The impact on the thermal control system will be observed in the event
blockage of heat dissipating radiators, especially on the north and south facing sides. It is
highly desirable to locate the ISL antenna as far as possible away from any dissipating
area, not only to clear the blockage but also to avoid any local heating of the antenna.

Table II.  Weight and Power Estimates

Item (No.) Weight
(kg)

Power*
(W)

Transmitter (2)
25-Ghz
32-Ghz

Receiver
25-Ghz
32-Ghz

Power Supply (6)

Antenna Assembly (2)

Miscellaneous

Total

6.2
6.2

5.2
5.2

10.8

28

7.5

69.1

56
(combined)

8
(combined)

15

38

117

*Only one receiver andone transmitter are energized at any one time.



CONCLUSIONS

Basically, the design of an ISL system for satellite communications appears feasible.
Improvements in spacecraft control systems would simplify the ISL antenna tracking
system design. Although it should not be difficult to build the antenna tracking system
with existing technology, further investigation is desirable. Another demanding task would
be the packaging of an ISL system on a spacecraft with minimal disturbances to other
major subsystems.
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Figure 1.  Current Communications Link

Figure 2.  Communications with ISL



Figure 3.  Concept 1



Figure 4.  Concept 2




