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ABSTRACT

The Telesat Canada Tracking, Telemetry and Command (TT&C) System was developed
to provide the Company with a system for geostationary orbit control and a dedicated
capability for transfer orbit operations. For C-band (6/4 GHz), Telesat has evolved a cost-
effective mix of facilities based on a single tracking antenna and shared use of
communications antennas, supplemented by low-cost fixed antenna systems. The satellite
expansion program into Ku-band (14/12 GHz) required a parallel development of TT&C
facilities. A unique feature of this development was the conversion of an existing 11-meter
C-band antenna into a dual C- and Ku-band antenna, with a monopulse tracking system,
employing an offset feed and tilting subreflector technique. Additional fixed Ku-band
antenna systems were required to generate reliable beacons for RF sensor control of the
communications antennas on the Anik C satellite, in the presence of deep fading
conditions. This need, combined with a requirement for a long baseline for range
measurement, resulted in the development of geographically widely separated, remotely
operated T&C facilities.

This paper is a description of the special features and performance of the Telesat TT&C
System.

INTRODUCTION

The Telesat space segment consists of four satellites in geostationary orbit. Figure 1 shows
the current (July 1981) orbital locations of Telesat’s satellites and the configuration of the
ground TT&C facilities. The principal traffic-carrying satellite is Anik B, a body-stabilized
satellite manufactured by RCA Astro Electronics and launched in December 1978. This
satellite has both C- and Ku-band transponders, and occupies an orbital position at 109EW
longitude. Two of the Anik A (Hughes HS-333) spin-stabilized series satellites (A2,
launched in April 1973, and A3, launched in May 1975) are co-located at 114EW



longitude. These satellites were co-located to increase the transponder availability at one
orbital location, and are carrying traffic. Anik A1, the oldest satellite, was launched in
November 1972, and currently occupies the 104EW longitude position. This satellite no
longer has sufficient fuel for full inclination control, but the five remaining transponders
can be used by tracking communications antennas.

The existing satellite systems will be augmented and expanded by two new series of
satellites scheduled for launch beginning in 1982. The Anik C satellite is a Hughes HS-376
variant and has all Ku-band (including T&C) dual-polarized transponders. The Anik D
satellite is also a Hughes HS-376 variant and has dual-polarized C-band transponders. The
T&C system of these satellites is conventional, with the exception that the on-station and
transfer orbit command frequencies are at opposite ends of the frequency band in each
case.

THE TRACKING, TELEMETRY AND COMMAND (TTAC) SYSTEM

The nucleus of the TT&C function is contained in the TTAC antenna located at Allan
Park, Ontario. This antenna and associated subsystems are responsible for all transfer orbit
operations, satellite testing, emergency T&C operations on all satellites, and ranging
functions on all satellites except Anik B. The ranging function is the most critical routine
operation. The orbit determination and stationkeeping requirements of ±0.1E latitude and
longitude for the Anik A satellites have been met with AZ/EL Range information from the
TTAC antenna only (1, 2).

The TTAC antenna was installed in 1972 as part of the Telesat baseline system. The
design was an 11-meter C-band parabolic dish with a Cassegrain feed and monopulse
tracking. The principal characteristics of this antenna are listed in Table I.

In 1978, when Telesat made its decision to purchase Anik C with a Ku-band T&C
package, it was necessary to provide a Ku-band tracking system with sufficient capability
to support transfer orbit operations. After an extensive evaluation, it was determined that
the most cost-effective solution was to convert the existing facility to some form of dual-
band feed system. The original designer of the TTAC antenna, Ford Aerospace and
Communications Corporation, was contracted to provide this system.



TABLE I
THE TTAC ANTENNA CHARACTERISTICS

PARAMETER DESCRIPTION

Reflector Diameter
Mount
Autotrack
Tracking Velocity (deg/sec)
3F Pointing Error (deg)
Angular Travel AZ (deg)

EL (deg)

11.0 meters
EL/AZ
Monopulse
1.0
±0.015 (noise)* ; ±0.09 (bias)*
±270 from south
0 to 92

C-Band Ku-Band

Polarization Rotation (deg)
G/T (dB/EK)
LNA (EK)
EIRP (dBW)
HPA Subsystem

±360
28.0 at 4.0 Ghz**
80 GaAs FET
85
Two 3 kW klystrons
with optional
phase-combining.

-60 to +230
34.8 at 12.0 Ghz
140 Parametric
91
One 1.6 kW klystron,
and two 600 W TWTA’s
with optional phase-
combining.

  * Static pointing error between C- and Ku-bands is 0.030E RSS in both axes.

** The measurement uncertainty was larger than the observed change after installation
of the Ku-band feed.

An attempt was made to design an integrated feed system, using a common aperture to
illuminate the Cassegrain subreflector, but this attempt was abandoned when, after
analysis, it appeared that this approach had significant technical and schedule risks. Based
on this evaluation, it was decided to use a much simpler implementation scheme employing
an offset feed and tilting subreflector. The geometry of this arrangement is shown in
Figure 2.

With the offset feed, only one operational band is active at any time. Changeover is
accomplished by remote operation of the tilting subreflector and requires only five
seconds. For Ku-band tracking, the error signals are down-converted to C-band and routed
to the existing tracking electronics. Ku-band error signal levels are adjusted in this Ku- to
C-band translator. This approach has the advantage of providing all common components
for tracking, except for the feed and Ku- to C-band down-converter. System interaction is
minimal, but special provisions had to be made to protect the C- and Ku-band Low Noise



Amplifiers (LNA’s) from damage due to excessive input power. This undesirable LNA
input power can come from either “leaky” flanges, which can be eliminated by good
installation techniques, or can be generated from system interaction as described in the
following:

1. Ku- to C-Band:  The C-band horn aperture is illuminated by Ku-band energy at the
same intensity as an element of area near the center of the main reflector. This
illumination results in the C-band receive system having only 15 dB of isolation from
Ku-band power transmission. Since the C-band waveguide (WR-229) offers
negligible loss to the Ku-band energy, it was estimated that approximately +48 dBm
could appear at the input of the C-band LNA. Therefore, a special “fourth harmonic
filter,” which provided 90 dB of attenuation at Ku-band, was inserted in front of the
C-band LNA to attenuate the Ku-band signal.

2. C- to Ku-Band:  Since C-band transmit signals are below the cut-off of Ku-band
receive waveguide, the C-band energy will not propagate to the Ku-band LNA.
However, it was necessary to ensure that harmonic filters, offering at least 55 dB of
rejection at Ku-band, were installed in the C-band transmit waveguide. This
prevented unwanted harmonics of C-band transmit energy from appearing as in-band
signals at the Ku-band LNA.

The results of the conversion are included in Table I. The measured results exceeded our
specified minimum performance in all cases. There was no perceptible degradation in gain
or pointing performance of the C-band system. In Ku-band, the receive G/T exceeded the
minimum specification by 1.8 dB, and the transmit gain was higher by 1.0 dB.

C-BAND SYSTEMS

Communications Joint-Use Systems

In support of the routine Telemetry and Command (T&C) operations on the C-band
satellites, Telesat has developed a number of fixed Telemetry and Command (TAC)
stations, as well as having combined T&C functions with communications antenna
systems. Table II presents a summary of the existing T&C stations.

There are two HR communications antenna systems operating on the primary traffic
satellite. One HR is at Lake Cowichan, British Columbia, and the other is at Allan Park,
Ontario. The Allan Park HR is equipped for telemetry, command and ranging, and has
sufficient EIRP and the necessary polarization control to access the omni for emergency
conditions. The HR antenna at Lake Cowichan is used for ranging operations.



TABLE II
TELESAT C-BAND T&C STATIONS

PARAMETER HR TAC-2 PCF TAC-3

Reflector Diameter (m)
Antenna Feed
G/T at 4 GHz (dB/EK)
EIRP (dBW)
Satellite Operated

30
Cassegrain

37.0
80

Anik B

8
Gregorian

22.0
65

Anik A2/A3

3.7
Cassegrain

N/A
53

Anik A2/A3

4.5
Prime Focus

17.0
56

Anik A1

  * The Heavy Route (HR) antennas are equipped with an automatic step-track system
of 0.03E RMS pointing capability.

** Pilot Control Facility (PCF) provides a back-up despin pilot uplink only.

T&C operations were accommodated on the Allan Park HR antenna in the original design
by diplexing the command signal into the composite communications transmission.
Telemetry signals were extracted from the communications receive signal by selective
down-conversion. Ranging via this system was a more complex problem. Two-station
ranging, using the 3300 km Allan Park - Lake Cowichan baseline, was required in order to
achieve the desired orbit determination accuracy for ±0.05E stationkeeping limits (3). The
chosen ranging method used the Intelsat four-tone ranging system in which range is
computed by making a relative phase measurement of a sequence of four coherent tones
(27.77 kHz, 3.968 kHz, 283.4 Hz and 35.43 Hz). This signal had to be transmitted via
transponder and not interfere with existing traffic. This was accommodated on the two HR
systems by designing a special baseband filter unit which allowed insertion of the ranging
signals into the telephone message baseband without interfering with the message traffic.

Conversion of the existing HR system at Allan Park to an Anik D satellite has presented a
more complex problem. The Anik D satellite has dual-polarized frequency re-use
communications transponders. In addition, the spacecraft T&C system is cross-polarized
to the transponders that the HR antenna was planned to operate. After investigation, it was
decided to use the dual-polarization capability inherent in the HR feed design. This
capability was insufficient to support good quality communications traffic because the
worst case axial ratio of approximately 15 dB was too low. Calculations showed that it
was sufficient for T&C operations. However, special filtering, to reject the command
frequency on the communications polarization and communications frequencies on the
T&C polarization, was provided. This implementation program will be completed in early
1982.



Fixed Telemetry and Command Stations

As shown in Figure 1, there are two main fixed-antenna systems used in support of our
Anik A satellites. These systems provide all routine telemetry and command operations, as
well as a despin pilot pointing beacon to the Anik A satellites. These spin-stabilized
satellites have no autonomous onboard earth-pointing system, and if the ground-based
beacon fails for more than 250 ms, the satellite antenna will develop a relative movement
with respect to the earth. This condition results in a loss of all traffic and is known as a
“spin-up.” The reliability of these pilots is the major determining factor in the reliability of
the overall communications system. Therefore, in the case of the TAC-2 system, which is
providing the despin pilot to the co-located A2/A3 pair, we augmented its redundant uplink
with a separate system called the Pilot Control Facility (PCF). The PCF is a single HPA,
uplink-only system. It is located a short distance away from the TAC-2 system, and has
power supplied from a totally separate, non-interruptable power bus. These parallel pilot
levels are sized 12 dB apart, so that they do not interfere with one another in the satellite.
If the TAC-2 uplink fails, the satellite on-board tracking system perceives the failure as a
drop in level of 12 dB as it picks up the PCF signal. The PCF concept has proven to be of
great value to Telesat; there has not been a spin-up on a traffic-carrying satellite since this
system was installed in 1976.

The second fixed T&C station, TAC-3, is used to control the A1 satellite. This satellite is
reaching the end of its useful life, and the inclination is being allowed to grow. The diurnal
inclination motion is large enough to move the satellite out of beamwidth of the TAC-3
antenna which, if left uncompensated, would result in a spin-up. Therefore, a manually
operated , limited range, antenna-pointing system was installed. This installation consists
of a remotely operated, motorized jackscrew system fixed to the antenna support struts,
which allows the antenna position to be adjusted over a ±10E range in azimuth and
elevation. True azimuth and elevation readouts are not provided, so position information
must be read as relative counts from a known arbitrary reference. In operation, the
downlink signal is monitored, and whenever the preset limit (usually 2 dB) is exceeded, an
alarm notifies the technician to make an adjustment. A set of satellite motion predictions,
in terms of AZ/EL relative counts, is provided for the technician’s convenience. At
inclinations of 0.8E, about six adjustments per day, evenly distributed about the ascending
and descending nodes of the orbit, are required.



KU-BAND SYSTEMS

The system design for KTAC (Ku-Band Telemetry and Command) facilities for the Anik C
satellites had to satisfy the following system requirements:

1. Maintain a reliable despin pilot in the presence of weather-induced fading conditions.

2. Provide long baseline ranging via the spacecraft T&C subsystem.

To satisfy the despin pilot reliability and ranging requirements, it was determined that two
geographically separated K-band TAC stations would be optimum for operating each Anik
C satellite. These stations, as shown in Figure 3, were established at the existing facilities
at Allan Park and Huggett (near Edmonton), Alberta. This geographic separation provided
an excellent 2600 km ranging baseline, as well as rendering the probability of simultaneous
deep fading conditions at both stations extremely remote.

The Anik C satellite has been designed to accept both despin pilot signals simultaneously,
and can be commanded to track on either pilot signal. Once commanded to track a pilot
signal, it will only revert to the back-up station if the primary station transmission is
interrupted. The RF characteristics of the KTAC stations are shown in Table III.

TABLE III

KU-BAND TELEMETRY, COMMAND AND RANGING STATIONS

EIRP (dBW)
HPA

G/T (dB/EK)
LNA

Antenna Size (m)
Antenna Feed

81
1.6 kW Klystron

26.0
3.5 dB GaAs FET

4.5
Cassegrain

The choice of Huggett, as the alternate KTAC station, presented a remote-control and
monitoring problem. The site was intended to be unmanned, and would thus require full
remote-control capability from Allan Park. The remote-control requirement presented a
significant interface problem because the equipment purchased for the KTAC stations was
supplied by a number of manufacturers, which resulted in data, status and switching
requirements being in widely varied analog and digital formats. This interfacing problem
was solved by purchasing interface and control equipment commonly used in the process
control industry. This equipment uses an integrated bus system which operates on either



priority interrupt or time sequential polling mode. A sufficiently wide variety of interfaces
was available to allow each Huggett subsystem to be individually interfaced without
extensive modification. The bus concept of the control equipment greatly simplified the
system software requirements by presenting all data on a pair of input/output ports, with all 
data properly addressed as to the unit under control. Further, because the computer is
essentially reduced to acting as a communications device, a reduced capability backup can
be provided by dial-up modem.

CONCLUSIONS

The Tracking, Telemetry and Command Systems described in this paper provide Telesat
with the capability for geostationary orbit control, and for transfer orbit operations. The
paper has outlined the performance and design concepts related to Telesat’s:

1. Dual C- and Ku-Band Tracking Antenna System;

2. Joint-Use Communications and Telemetry, Command and Ranging Systems;

3. Fixed C-Band Telemetry and Command Systems; and

4. Fixed Ku-Band Telemetry, Command and Ranging Systems.

This mix of facilities has been determined to be cost-effective, reliable and able to meet
Telesat’s satellite control objectives.
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FIGURE 1.  C-BAND TT&C FACILITIES

FIGURE 2.  TTAC ANTENNA OFFSET FEED GEOMETRY



FIGURE 3.  KU-BAND TT&C FACILITIES


