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ABSTRACT

The domestic communications satellite system operated by Telesat Canada has expanded
significantly since its inception in 1973, when, using the Anik A series of satellites in the
6/4 GHz bands, 34 stations commenced service. Since that time, Telesat Canada has
implemented many earth stations operating in the 6/4 GHz and 14/12 GHz bands. The
paper reviews the design and performance features of the earth stations which provide the
wide variety of Telesat services, from “Thin Route” stations used in the Canadian North to
the “Network Television” stations used in more southern locations. As an example, the
14/12 GHz heavy-route stations, providing long-haul digital and video uplinks between
major city downtown locations, are described in more detail. In conclusion, a summary of
new directions in satellite earth station design is presented, including single-circuit
transportable earth stations for exploration companies and light-route TDMA earth stations
for advanced business networks.

INTRODUCTION

As background information to the understanding of the Telesat Communications Satellite
System, a summary of the space segment is shown in Figure 1. [1] [2] The Anik A series
of satellites was launched in November 1972, April 1973 and May 1975. Anik B, a dual
6/4 and, 14/12 GHz band satellite was launched in December 1978. Anik D1, which is a
replacement for the Anik A series, is planned to be launched by a Delta launch vehicle in
August 1982, and Anik C1, providing new services at 14/12 GHz, is, scheduled to be
launched by a Shuttle launch vehicle in September 1982.



The earth segment of the Telesat System consists of earth stations providing customer
service; tracking, telemetry and command (TTAC) facilities; a satellite control centre and a
satellite network operations centre. The TTAC facilities are described in a companion
paper. [3]

EARTH STATION SERVICES

Historical Review

Over the period of 1972 to 1980, Telesat has implemented over 150 earth stations
operating in the 6/4 GHz bands. Figure 2. shows a simplified functional listing of the 125
earth stations which were owned and operated by Telesat as of the end of 1980. The major
types of traffic can be summarized as follows:

Television Service  - Network TV
Remote TV
(fixed and transportable)
Frontier TV
Broadcast TV

Thin Route Message Service
(fixed and transportable)
Medium Route Message Service

The major characteristics of the earth stations providing these types of traffic are shown in
Figure 3.

Since 1973, eight Network Television (NTV) earth stations have provided the country-
wide inter-studio network of the Canadian Broadcasting Corporation (CBC). The stations
are near Vancouver, Edmonton, Regina, Winnipeg, Toronto, Montreal, Halifax and St.
John’s. The national studios for the English and French language networks are located in
Toronto and Montreal respectively. Special events and newsgathering are transmitted from
provincial studios to the national studios, while national programs are transmitted to
provincial centres for redistribution. In addition, national programs are distributed to
remote northern communities using Remote Television (RTV) stations and Frontier
Television (FTV) stations. Initially, Telesat owned all the earth stations operating in the
communications satellite system but now customers may own and operate their own
stations for the reception of television. As an example, CBC now own 20 RTV and FTV
stations originally implemented by Telesat. A service shared with the channels allocated to
television is the Radio Program Service. The radio program transmissions originate from
four northern communities (Inuvik, Whitehorse, Yellowknife and Frobisher Bay) and 



Montreal and use a two access FM-FDMA technique in which the radio program carrier is
20 dB below the television carrier and displaced by 16 MHz from channel centre.

The service provided by Telesat for message transmission may be divided as follows: [4]

- essential thin route and medium route services to remote northern communities in
which satellite is the primary means of communication;

- heavy route services between populated southern cities to provide route
diversity.

Approximately 50 stations provide thin route message service (typically 1-24 circuits)
between small telephone exchanges in the north to four gateway toll offices; Ottawa,
Thunder Bay, Hay River and Calgary. The earth stations operate in a single channel per
carrier mode, using four-phase PSK voice-activated channel units in the majority of cases.
Earth stations in the remote communities often combine thin route, television reception and
radio program services.

Medium route traffic to the north (typically 12-60 circuits) is operated in the FM-FDMA
mode with the exception of one 3 Mbps digital link. In addition, 300 two-way voice
circuits are provided between Toronto (Allan Park) and Halifax (Harrietsfield) in a TDMA
mode.

A heavy route long-haul link is provided between Toronto (Allan Park) and Vancouver
(Lake Cowichan) on the West Coast to meet telephone company diversity plans. The earth
stations operate in an FM single-access mode and are capable of carrying 960 one-way
circuits in one RF channel of the satellite; the major characteristics of the earth stations are
also shown in Figure 3.

Earth Station Monitor, Alarm and Control Telemetry

Only four earth stations in the Telesat network are manned; those at Allan Park, Lake
Cowichan, Frobisher Bay and Harrietsfield. At Allan Park, the Satellite Network
Operations Control (SNOC) facility provides a centralized reporting and control point for
all earth segment operations.

To assist the SNOC in operation of the network, key heavy route, medium route and NTV
stations are provided with supervisory systems. Monitor, alarm and control functions are
telemetered between the earth stations and SNOC. As examples, the supervisory system
for the NTV and medium route stations has a capacity of 256 monitor points and 99
control points for each station. The telemetry information is transmitted at a rate of 110



baud over satellite and terrestrial links and employs BCH coding to improve the error rate
performance. The supervisory system for use at Lake Cowichan during the unmanned
shifts has a capacity of 350 monitor points, 200 control points and numeric displays for
antenna pointing information. The events are time-tagged and transmitted with BCH
coding at 110 baud over a satellite link.

Implementation of the 14/12 GHz Heavy Route Earth Stations

In 1982, Telesat will introduce the Anik C series of satellites. These satellites and
associated earth stations operating in the 14/12 GHz bands will form part of the emerging
digital network of the TransCanada Telephone System (TCTS), and will provide long-haul
90 Mbps digital links, interconnecting with digital switches in the major Canadian cities.

In addition, each station can provide two televison uplinks for point-to-point or point-to-
multi-point video distribution or teleconferencing.

In the initial Anik C system, there will be 10 main stations at major cities across Canada,
as shown in Figure 4. [5] Stations in Vancouver, Edmonton, Calgary, Toronto, Montreal
and Halifax will provide digital message and video links, and stations in Regina,
Winnipeg, Fredericton and St. John’s will provide additional video links. The message
earth station sites were chosen to be close to telephone company digital switch facilities.
The interface at the DS-3 level of 44.736 Mbps between the multiplex equipment and the
earth station occurs at the DX-3 cross-connect point.

The downtown environment leads to high levels of electromagnetic interference (EMI) in
the vicinity of most of the earth stations. Levels as high as several volts per meter, from
licenced and unlicenced sources, have been measured. Predictions of field strength at the
earth station sites from licenced sources have been prepared and EMI measurements
carried out at selected locations to confirm the predicted levels. As a result, construction of
the earth station shelters has included inexpensive shielding materials, which can give
approximately 30 dB of shielding at 1 GHz. A simplified block diagram of a typical earth
station is shown in Figure 5. The 8 m antenna has provision for step-tracking to within
0.02E of the satellite direction and reflector surfaces are de-iced to maintain the gain and
stringent G/T requirements of 35 dB/K. The foundation members are structurally
integrated into the telephone office building columns to meet the rotational stiffness
requirement for the antenna foundation of ± 0.012E. The receiver low-noise amplifier
(LNA) is mounted directly behind the antenna feed, and the downconverter and PSK
demodulators are mounted in the equipment shelter. The receive chain consists of a
broadband uncooled parametric LNA (130 K) for the message stations and dual frequency
downconverters. The digital baseband equipment uses QPSK modems at 90 Mbps.
Coherent demodulation is carried out with the use of decision-directed phase-locked loops



at an IF of 140 MHz. Provision is made for two supervisory data circuits and two
supervisory order-wire circuits to be multiplexed with two asynchronous DS-3 message bit
streams, along with housekeeping bits, into the combined 90.148 Mbps earth station data
stream. Bit stuffing is used on each DS-3 stream to synchronize each to the transmit master
clock.

The earth station transmit chain equipment is mounted in the equipment shelter and
consists of the PSK modulator, single conversion upconverters and a high power amplifier
(HPA), capable of over 1 kW output power for each link. Access to a number of satellite
RF channels is required for horizontal or vertical polarization from a single location.
Therefore, the transmit message carriers are combined into one waveguide run using non-
contiguous lowloss diplexers. Where greater flexibility is required, such as the television
service, hybrid combining is used at present. In order that the equipment availability for a
two-way satellite link to be greater than or equal to 99.99%, a highly reliable, 1 for n
redundant configuration with automatic switching of frequency agile standby chains is
used. Also contributing to high service availability are the extensive monitor, alarm and
control (MAC) facilities provided, as shown in Figure 6.

To meet the operating service availability requirements in the digital network, the monitor,
alarm status and control functions are extended from each earth station to Telesat’s SNOC
at Allan Park, Ontario. Continuous contact between the SNOC and telephone company
radio offices across Canada ensures efficient integration of the satellite system into the
overall Canadian digital network.

NEW DIRECTIONS IN EARTH STATION SERVICES

September 15, 1980, the Montreal heavy route 14/12 GHz station went into service, via
the 14/12 GHz portion of Anik B, to distribute commercial video broadcasts to a
consortium of cable operators (La SETTE) in 22 cities and towns in the province of
Quebec. This was the first commercial service at 14/12 GHz and has provided valuable
experience in earth station operation in these bands. Development of 14/12 GHz television
transportable earth stations is a logical extension of service capability as demonstrated by
the Department of Communications pilot projects on Anik B for education medical and
newsgathering applications.

On October 28, 1980, a satellite relay of the Globe and Mail, “Canada’s National
Newspaper”, was instituted from an earth station at the Globe’s Toronto office to an earth
station at a printing press in Montreal. A similar service was instituted to Calgary a week
later. Expansion of this network is expected in1981 and 1982 to allow timely publication
of the national edition for morning home delivery in the major cities.



On January 15, 1981, a new homing station for thin route traffic was provided for service
at Forest Lawn, Calgary, Alberta. In conjunction with the homing station, 12 new low-cost
transportable earth stations are being developed for use in remote locations, primarily by
the resource companies. The terminals are capable of a single voice circuit and 2400 bps
data transmission while remaining within the design constraints of a solid-state final power
amplifier and ease of deployment. The trend appears to be towards regional thin route
networks, probably with increasing growth at the 14/12 GHz bands.

On July 15, 1981, three 6/4 GHz television earth stations were provided at Vancouver,
Edmonton and Toronto, for television distribution service directly to remote northern
communities. It is expected that this network will expand with transmit earth stations in
Montreal and Northern Canada. The initiation of Pay-Television service may also require
further expansion of the Telesat television earth station network.

For the Canadian Government, implementation of a high speed digital link from Eureka, at
80EN Latitude in the North West Territories, to Ottawa is underway for service in
September 1982. The deep fading at this very low elevation angle to a geostationary
satellite has led to the use of space diversity with coherent switching at Eureka.

Since 1980, Telesat has been involved in the development of low-cost “Light Route”
TDMA terminals for advanced business networks to meet the expanding market for special
voice and private line service for the business community. In early 1982, a field trial of this
service will be carried out. Although the trial will use existing satellite channel capacity at
6/4 GHz, service in 1983 will probably involve earth stations operating in the 14/12 GHz
bands as business applications will require the interference-free, downtown-to-downtown
capability provided by the use of these frequency bands.

CONCLUSION

The Telesat system was the first domestic satellite communications system to use
geostationary satellites and, since 1973, has implemented and operated many earth
stations, the majority of which are unmanned. Several technical areas were first
implemented for commercial use in the Telesat system, such as the 60 Mbps TDMA
system, the 90 Mbps long-haul system integrated into the terrestrial digital network, space
diversity for northern stations, and 14/12 GHz commercial television distribution. Further
development of earth station technology and applications promise increasing use of the
Canadian Communications Satellite System in the next decade.
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FIGURE 1
SUMMARY OF ANIK SATELLITE PROGRAMS

SATELLITE

ACTUAL
OR PLANNED

LAUNCH DATE
FREQUENCY

BANDS

NUMBER OF
RF CHANNELS

PER SATELLITE

ANIK A-1
A-2
A-3

NOVEMBER 1972
APRIL, 1973
MAY , 1975

6/4 GHz 12

ANIK B-1 DECEMBER, 1978
6/4 GHz 12

14/12 GHz 4

ANIK C-1
C-2
C-3

1982
1983
1986

14/12 GHz 16

ANIK D-1
D-2

1982
1984

6/4 GHz 24

FIGURE 2
TELESAT EARTH STATION SERVICE FUNCTIONS

MESSAGE TELEVISION
RADIO

PROGRAM FAX QUANTITY

X

X

X

X

X

X

X

X

X

X

47

8

10

46

11

3
____
125



FIGURE 3: EARTH STATION CHARACTERISTICS



FIGURE 4:INITIAL (1982) SATELLITE DIGITAL NETWORK

FIGURE 5: EARTH STATION BASIC BLOCK DIAGRAM



FIGURE 6 : EARTH STATION MAC EQUIPMENT
BLOCK DIAGRAM


