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1. Introduction  

This Appendix constitutes a summary of low capacity communications 

requirements in remote areas, where remote is defined as the region beyond 

"the limits of continuous population distribution and continuity of the 

transport and communications systems". This region is generally north of 

the line shown in Figure 1.1 with exceptions existing, of course, for some 

kinds of communications. For example, reliable telephone communications exists 

for most of Alberta and substantial parts of the Yukon, and along other 

corridors. These areas, however, are still truly remote for other types of 

needs, such as communications to environmental sensor platforms. 

A variety of documented sources of data have been used for this 

summary. These are given in the bibliography to this Appendix and are referenced 

in the text. In addition, much valuable information, and an appreciation of 

the needs have been obtained through interviews with various communications 

users and officials of various government departments. The 1970 Yellowknife 

Northern Communications Conference, which was attended by many northern 

spokesmen, also provided a good source of the views of the general public. 

The recommendations of this c-onference (Reference 1), pertinent to this state-

ment of requirements, can be summarized as follows: 

1. There is an urgent requirement to provide reliable two-way 
telephone and teletype services to remote communities in 
the Territàries and northern parts of the Provinces. The 
prime need is for telecommunications facilities to support 
health and emergency services. The northern residents want 
good facilities for: 

(a) Intra-regional and community communications 
(b) Inter-regional and community communications 
(c) Local exchange connections 
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2. Radio broadcasting is very important to northern 
residents. Presently there are large areas, such as 
the district of Keewatin, without broadcast services. 
Each community should have a radio program service for 
education, information, entertainment and social action 
purposes. This service might be established by low-power 
community-operated radio stations. Programming in native 
languages should be encouraged. 

3. Nomadic or hunting groups should be provided with low 
cost radio units to contact their resident community 
in emergency or other urgent situations. The equipment 
should be inexpensive, portable and rugged for Arctic 
conditions. 

Only civilian requirements, public and government, are discussed in 

detail here. These are the requirements of a large number of agencies and their 

individual needs must be combined to obtain an integrated picture of the 

requirement. There is a similar range of military requirements which are not 

treated in detail here. As a single large user agency DND are examining their 

own needs for definition within DND. 

BOUNDARY ADOPTED FOR NORTHERN COMMUNICATIONS PLANNING 

Figure 1.1 
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2. Communications Requirements  

The low capacity communications requirements fall into six general 

classes. These are listed below and discussed in the following sections of 

this chapter. 

i) Telephone and related communications to fixed locations 

ii) Voice and data communications to temporary locations 
(transportable equipment) 

iii) Voice and data communications to mobile equipment 

iv) Distribution of radio programs for local rebroadcasting 

v) Data relay from remote environmental sensing platforms 

vi) Monitoring of emergency position indicating radio beacons 

Communications to Fixed Locations  

This category of the requirement comprises all of the services normally 
• 

available over a telephone circuit in those areas enjoying reliable telephone 

service, including telephony, facsimile, teletype and data transmission. Inter-

connection with the national telephone network is an important aspect of this 

requirement and a determining factor in setting the standard for quality. Since 

the general public would have access to the system, itshou/d meet the quality 

standards expected from the telephone system. 

The majority of the requirement in this category is centered around 

the communities in the remote areas. In addition to the social needs of the 

residents, many government departments, both federal and provincial, have 

offices in the communities and require service for administrative purposes. 

Commercial enterprizes in these communities also depend heavily on communications, 

as evidenced by their establishment of their own dedicated HF radio networks 

because of the poor reliability of public systems. When a reliable public 

system is made available, all users share it and such private networks generally 

disappear. 
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A list of communities by region which are presently unserved, or 

served only by HF radio is given in Annex A. This list has been compiled from 

References 2, 3, 4, 5. In compiling the list an attempt has been made to take 

into account the current expansion of services into northern areas by extension 

of terrestrial microwave. However, it is possible that inaccuracies do exist 

because of either an acceleration or a slowing down of such planned extensions. 

Moreover, the 1971 census data shows the existence of a -number of small 

population centres not appearing on previous lists. These are either settlements 

that have been overlooked in surveys of requirements that have been carried out in 

the past or settlements that have recently grown to a size warranting attention. 

Unless verified from other sources, these new settlements have not been included 

in Table 1. 

There also are many communities in the remote areas which already enjoy 

reliable communications service which would still be candidates for earth stations 

in a low capacity satellite system. These would be required for "community of 

interest" reasons, to allow direct communications with outlying settlements 

rather than connection through circuitous terrestrial routing to a distant 

interconnection point with the satellite system. At least 25 such stations are 

estimated to be required. Nine communities currently served by DEW facilities 

must also be considered candidates for stations. 

In addition to communities, there are numerous commercial enterprises 

of a fixed nature in remote areas which require communications service, mostly 

logging, mining and oil companies. These presently operate private HF radio stations 

generally subscribing to common carrier network service offered via HF base 

stations. A quantitative estimate of these requirements is given in Table 2, 

reproduced from Reference 8. New applications in remote areas can also be 

expected to include communications for oil and gas pipeline control. Up to 70 

stations would be required for this purpose. 
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Table 1  

Settlements with Communications Requirements  

13f.S2._-°n_ 	 No. of Settlements 	Population  

Labrador 	 31 	 5,856 

Quebec 	 25 	 8,221 

Ontario 	 31 	 9,800 

Manitoba 	 33 	 15,611 

Saskatchewan 	 31 	 8,532 

Alberta 	 6 . 	 702 

British Columbia 	 11 	 2,466 

Northwest Territories 	37 	 10,078 

Table 2  

Estimates of Requirements for Fixed Stations  

Northern Communities 

Petroleum Industry 

Mining Industry 

Construction Industry 

Logging Companies 

200 - 250 

100 - 150 

50 - 100 

5 - 10 

50 - 100 
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The nature of the requirement from the sources discussed is that 

communications must be continuously available, but that it would almost never 

be continuously used. This leads naturally to the application of demand 

assignment of circuits to stations requiring connections, a technique to 

which satellite systems are particularly amenable. The required circuit 

capacity of a demand assigned system to meet the communications needs outlined 

above is discussed in Chapter 3 of this Aependix. 

In summary, over 200 fixed stations are estimated as being required 

to meet the total requirement for service to remote communities in Canada. 

While this number can be expected to be eroded as present facilities are 

extended to meet the most urgent needs, replenishment can also be expected as 

new communities are added to the list. In addition, from 100 to 200 fixed 

stations are estimated as being required by commercial enterprizes, a number 

which is certain to grow as the pace .of northern development increases. This 

produces a total requirement of 300 to 400 fixed stations. 

Communications to Temporary Locations  

The north country, being largely undeveloped, generates a requirement 

for transportable communications equipment capable of voice and data transmission. 

This is necessary for logistic control, obtaining necessary information, and 

data forwarding for processing. To date, only a part of this requirement, voice 

communications, has been met by portable HF equipment. Thus reliability is a 

major problem. 

Users requiring transportable equipment are in both government and 

private sectors. Both are engaged in intensive survey and exploration activity 

for purposes  of  mapping and search and inventory of natural resources. Table 3, 

reproducing data from Reference 8, gives an estimate of the potential requirements 
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for stations for these purposes. In addition, the table shows the reqUirements 

of agencies providing public services, such as law enforcement and health care 

and those needing reliable communications for both routine and emergency 

operations, for example timber patrol, and direction of forest fire fighting 

operations. 

Table 3  

Estimates of Requirements for Transportable Stations  

Federal Government 

DIAND 	 70 - 120 
.EMR 	 100 - 130 
FF 	 20-  40 
NHW 	 10-  20 
RCMP 	 . 10-  20 
Other 	 25 - 50 

Non-Federal Government 

Provincial Government 
Northern Communities 
Petroleum Industry 
Mining Industry 
Construction Industry 
Logging Companies 

50 - 100 
10 20 
75 - 100 
25 - 25 
5 - 10 
25 - 50 

In total the potential requirement by civilian agencies exceeds 400 

stations. Similar requirements also exist for stations for military use in 

Canada, particularly in view of the increased role expressed by the 1971 White 

Paper on Defence, in providing aid to the civil power and assistance to the civil 

authorities in the furtherance of national aims. 



Communication to Mobile Equipment  

Mobile communications requirements are defined here as those which must 

be made to a vehicle in motion, in contrast to a vehicle which can be halted. 

Both aircraft and ships have this requirement, which is normally met with 

terrestrial line-of-sight systems. Over much of the north, mobile stations are 

out of range of base stations and consequently without communications. 

The essential difference between equipment suitable for mobile and 

transportable use is in the antenna system. For mobile use the additional 

complexity of a tracking antenna is required, or the use of an omnidirectional 

antenna. For aircraft, because of limited space, aerodynamic reasons, and the 

speed of manoeuvering, a tracking antenna is complex and expensive so that an 

omnidfrectional pattern is preferred. Use of satellite techniques with such an 

antenna requires a high e.i.r.p. from the satellite, placing a heavy burden on the 

prime power resources of the satellite. Since such channels are very costly to 

provide, it is likely that only a very few channels can be made available and 

that only military aircraft and a few government aircraft with special needs would 

be equipped to use them. 

Ships, on the other hand, being larger and slow moving, can use relatively 

simple tracking antenna systems providing directivity. Thus this application is 

much more like the transportable requirements and would require the same kind of 

satellite channel. However, since the tracking antenna system requirement would 

considerably increase the cost of the station, only those ships with an urgent 



9 

11 

8 

4 

3 

requirement and operating frequently or primarily in remote arctic waters Would 

likely be equipped. Into this category fall ice breakers, research vessels and 

northern supply ships. Should tanker routes be established such ships might 

become candidates if it was decided that the availability of continuous communi-

cations was mandatory in case of emergencies. 

Table 4 gives the number of government vessels in the category described. 

Commercial requirements would be in addition to the table. 

Table 4  

Government Ships Operating in Arctic Waters  

Ministry of Transport 

Dept. of Environment 

Defense Research Board 

Dept. of National Defence 
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Relay of Data from Remote Environmental Sensors  

The requirement to relay data from remote environmental sensors in 

the various networks of sensors in Canada was first examined by the Working Group 

on Data Retransmission and presented in the report of that group (11). The 

requirement was further studied in an engineering study carried out for the 

Department of Communications under contract by RCA Limited (12). 

The main types of sensor networks are meteorologic, hydrometric, 

limnologic, oceanographic, and earth physics, with the first two being the largest. 

Meteorologic networks provide synoptic  and climatologic data, with the need for 

atmospheric quality data increasing. These data are needed in real time for many 

purposes, including weather forecasting and forestry. Hydrometric networks 

provide water levels from inland lakes and rivers, and ocean tides. Tsunami* 

warning information is also provided. Of increasing importance are water quality 

measurements. 

While communications to some sensors have been a necessity because of 

the need of their data in real time, it is increasingly important for many others 

because of the withdrawal of personnel  who serviced the sensors as an additional 

duty. Examples are the closing down of forest fire look-out towers and light 

houses because of more modern and less costly methods of carrying out the functions 

of these stations. Still other stations are located so remotely that retreiving 

their data is difficult and costly. 

Table 6 contains a comprehensive list of the types of data and the 

users for the various networks. 

* Sea wave caused by seismic movement of the ocean floor. 
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Table 6  

Use Type of Network 

Limnologic Research DOE 

Hydrometric Water Research 
Water Control Construction 

Prov. Govts. 
Utilities 

Hydroelectric Power 

Flood Control 

River Shipping 

Pollution Control 

Hydro Utilities 

Prov. Govts. 
EMO 

Shipping Companies 
MOT 

DOE 
Prov. Govts. 

Oceanographic Tides 

Icepack Movement  

Shipping Companies 

MOT 

Meteorologic Forecasting 

Terminal Reporting 

Climate Statistics 

Snowpack (avalanche 
warning) 

Forest Fire Control 

DOE 

MOT 
DND 
Flying Firms 

DOE 
Construction Industry 

Prov. Hwy. Depts. 
Railroads 

Prov. Govts. 
Logging  Indus try  

Earth Physics Research - Geomagnetic 

Seismic, Volcanic 

Disaster Forecasting 

EMR 

EMO 

Prov. Govts. 

Other Equipment Failure (Remote 
Navigation Aids, Oil and 
Gas Wells, etc.) 

Arctic Ship Passage 

Wildlife Movement 

MOT 

Oil Industry 

DND 

DOE 
Prov. Govts. 
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The size of the major environmental sensing networks is given in 

table 7, which has been compiled from references 11 and 12. The number of plat-

forms which have a requirement for communications at the present time are also 

listed. This number can be expected to grow rapidly as an integrated communica-

tions and data processing system develops for handling the data. 
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Table 7  

Major Environmental Sensing Networks  

Number with Present 
Present Projected 	Requirement for Telemetry  

Hydrologic 

Tide Water Levels 	 130 	150 	 130 
Water Resources 	 2900* 	3200 	 400 
Water Quality 	 1000 	** 	 9 

Meteorologic 

Synoptic 	 274 	300 	 274 
Upper Air (Radiosonde) 	 35 	_ 	 - 
Climatologic 	 2460 	2500 	 50 
Marine  (at lighthouses) 	 70 	70 	 70 

Earth Physics 

Seismic 	 21 
Geomagnetic 	 10 
Tsunami 	 3 

Forestry 

Climatologic 	 500 	- 
Lightning Stroke Detection 	Experimental 
Fire Detection 	 Experimental 

* Including 400 Quebec Provincial Stations 

** Substantial grOwth possible, subject to development of sensors for 
long term unattended operation. 

all 
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Radio Broadcasting  

The requirement for radio broadcasting in the north has already been 

noted in the introduction as one of the major recommendations arising from the 

Yellowknife Conference. This requirement has been given the attention of the 

Advisory Committee on Northern Development and is the subject of a report by the 

ACND Communications sub-committee, "Radio Broadcasting in the Yukon and Northwest 

Territories" (10). Other studies have identified provincial communities 

which also are lacking reliable broadcast radio reception. The number of 

communities is given in Table 5. Those with populations over 500 are included 

in the CBC's Accelerated Coverage Plan and. will receive service if that plan 

receives parliamentary approval. 

Consideration is being given on:how to provide service to those with 

populations under 500. Flexible transmission capabilities would greatly facilitate 

the implementation of both the ACP as well as allow the provision of services to 

the smaller communities. It is estimated that capacity for 2 to 4 programs would 

be required as a minimum to provide a network feed for radio broadcasts in these 

communities. 
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Table 5  

Communities Requiring Radio Broadcasting  

Population  

200 - 500 	greater than 500  

British Columbia 	 8 	 1 
Alberta 	 2 	 7 
Saskatchewan 	 9 	 5 
Manitoba 	 4 	 21 
Ontario 	 8 	 9 
Quebec 	 17 	 26 
Newfoundland 	 3 	 2 
Northwest Territories 	 18 	 8 
Yukon Territories 	 2 

71 	 79 

In addition to public broadcasting, several regional education 

authorities have expressed an interest in the use of radio broadcasting for 

educational purposes. This requirement has  ben  stimulated by planned experiments in 

educational broadcasting using the ATS-F and CTS satellites. However, it has 

not been investigated in detail to allow a quantitative estimate of the number 

of channels which may be required. 
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Emergency Communications  

The need for emergency communications is very much enhanced in the 

north because of the climate, geography, and sparcity of population. This is 

brought to the attention of the public frequently, particularly in the case of 

air mishaps and the attendant publicity when extended search operations are 

required. The need was also expressed on behalf of ground parties at the 

Yellowknife Communications Conference. 

Electronic aids in the form of the crash position indicator or the 

emergency locator transmitter are in use with aircraft at the present time. 

These devices require that an aircraft with a monitoring receiver . fly within _ 

line of eight and attempt to home-in on the signal. While these devices 

provide a great improvement over strictly visual searches, long delays frequently 

occur before the existance of an emergency is known and before a signal is picked 

up and the search completed. Since time is usually very important for survival 

in the northern environment, the requirement for emergency communications is a 

capability of indicating the existence and location of an emergency within 

minutes of its occurence. 

Advanced systems meeting these requirements are currently under 

research and development. A geostationary satellite is proposed to monitor for 

emergency radio beacon signals which contain position information. A full 

description of these systems is given in appendix 9. 
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Some quantitative information on emergencies is contained in a study 

carried out by the National Research Council (13). This report extrapolates 

from 1969 and 1970 data on occurrences to show a projected expectancy of 1306 

incidents over the next 10 years of air accidents alone requiring search and 

rescue operations. 
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3. Channel Capacity Requirements  

To serve the large number of ground stations with circuits in the 

conventional point-to-point preassigned circuit basis would require that substantial 

capacity be available in the space segment. This capacity is largely idle in 

systems carrying a low density of traffic, but must be there to ensure that a 

specified availability of a circuit is provided. The application of demand 

assignment techniques can be used to particular advantage to improve the utilization 

of both ground station equipment and space segment capacity in such low density 

traffic situations. Studies reported in the literature (14, 15) have calculated 

that this improvement can be substantial, with space segment capacity of a demand 

assigned system from 1/5 to 1/15 that of a preassigned system being equivalent in 

terms of service capability. This ratio depends on both the traffic density and 

the number of destinations. 

Studies of capacity required to serve large numbers of ground stations 

on a demand assignment basis have also been carried out at the Communications 

Research Centre (16, 17, 18). Table 8, derived from ref. 16 gives the duplex 

channel requirements for various traffic densities, measùred in erlangs* to 

• different numbers of destinations. • It is assumed in the reference that the 

system is used only for telephone calls between stations within it. Because 2 

stations are involved per call, the total number of channels required can never 

exceed half the number of ground stations. 

* An erlang is a normalized measure of traffic density. The erlang equals 
3600 call-seconds per hour, or the amount of traffic a channel could handle 
if occupied 100% of the time. 
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TABLE 8 

DEMAND ASSIGNED DUPLEX CHANNEL REQUIREMENTS  

VS TRAFFIC DENSITY  

NUMBER OF 	 TRAFFIC DENSITY PER CHANNEL (ERLANGS) 
DESTINATION 	 (PROBABILITY ALL CHANNELS BUSY P 0.01 

	

0.2 	0.4 	0.6 	0.8 

50 	 10 	15 	20 	23 

100 	 16 	26 	36 	44 

200 	 29 	49 	68 	86 

400 	 51 	92 	130 	166 
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To accurately predict the channel capacity required to meet the 

communications needs requires information on the expected traffic. Such data 

are difficult to acquire because of the lack of experience anywhere with an 

innovative service such as that required which would provide to such a large 

geographical area a quality and reliability heretofore unavailable. Present 

communications traffic in the area, largely carried via HF radio, cannot be used 

with confidence to derive an accurate prediction because the traffic is highly 

affected by the unreliability of that medium. The proliferation of the many 

private networks also impedes gathering of data. 

Some traffic data of a limited nature are available from the two Telesat 

thin route stations at Igloolik and Pangnirtung. Average daily traffic for 

these stations has been 19 and 26 calls. Under the gross assumptions that the 

calls occurred during an 8 hour period and averaged 6 minutes in duration, the 

average traffic density has been between .2 and .3 erlangs. 

In the face of lack of substantive traffic data, table 8 can be used 

to arrive at an estimate for required capacity. From the table approximately 

90 channels could serve 400 stations which are being used for 24 minutes out 

of every hour or 200 stations which are being used for 50 minutes out of every 

hour. This range should encompass the extremes of both the number of stations 

and the traffic density. 

To a first approximation, then, 90 channels would appear to be a 

reasonable estimate for the number of channels required to handle the traffic 

from remote areas. In any case, demand assignment imparts a resilient 

characteristic to this capacity for coping with overload conditions because of 

the improvement factor in capacity utilization and the fact that it makes any 

free channel available for use anywhere in the country. The facts that peak 

traffic loading can be expected to be distributed because of the 5 time zones 

in Canada, and that the communities are almost all small (average population 300), 
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are other factors which tend to reduce the capacity requirements normally needed 

to handle peak loads. 

Traffic density from transportable stations can be expected to be 

even lower than from stations located in communities, partly because of the 

nature of the application and partly because they would frequently be in transit 

and thus inoperative. For traffic of 0.1 to 0.2 erlangs, 30 channels should 

suffice. 
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Annex A 

Listing by Region of Communities with Communications Requirements: 

Cartwright 	 752 	 Francis Harbour 	 63 
Nain 	 708 	 Matthews Cove 	 60 
Hopedale 	 375 	 Capstan Is. 	 55 
Forteau 	 312 ' 	Henley Harbour 	 35 
Red Bay 	 296 

West St. Modeste 	' 	294 	 QUEBEC 

Màkkovik 	 292 	 Poste de la Baleine 	 987 
L'Anse au Clair 	 233 	 Rupert House 	 757 
Port Hope Simpson 	 232 	 Schefferville 	 704 
Fox Harbour 	 214 	-- - Fort Chi= 	 ' 693 
Davis Inlet 	 193 . 	Povungnituk 	 676 
Pinware 	 186 	 Inoucdjouac  (Port Harrison)525 
Rigolet . 	 182 	 Paint Hills 	 514 
Black Tickle 	 164 	 Sugluk- 	 402 
Paradise River 	 146 	 Demaraisville 	 392 
Mary's Harbour 	 134 	 Eastmain 	 • 	282.  
Postville 	 121 	 Port Nouveau Québec 	 231 
Square Is. 	 95 	 Màricourt (Wakeham Bay) 	227 
Cape Charles 	 90 	 Bellin (Payne Bay) 	 219 
Mud Lake 	 86 	 Miquelon 	 163 
English Pt. 	 84 	 Lac Albanel 	 150 
Twin Falls 	 82 	 Ivugivik 	 120 
Indian Harbour (Cove) 	 76 	 Koartak 	 106 
Battle Harbour 	 75 	 Raglan 	 106 
Georges Cove 	 75 	 Villebois 	 95 
Williams Harbor 	' 	 75 	 Baie aux Feuilles 	 79 
Sandy Hook 	 71 	 Beaucanton 	 78 
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COMMUNITY 	 POP. COMMUNITY 	 POP. 

Wedding River 

Asbestos Hill 

Deception Bay 

Obedjiwan 

ONTARIO 

Sandy Lake 

Pikangikum 

Fort Albany 

Attawapiskat 

Round Lake 

Sand Lake IR 

New Osnaburgh IR 

Lac Seul 

Deer Lake. 

 Cat Lake 

PoplarSill 

North Spirit Lake 

CTRL Patricia 

Big Trout Lake 

Fort Severn 

Kashechewan 

Winisk 

Angling Lake 

Bearskin Lake 

Fort Hope 

Kasabonika 

Kingfisher Lake 

Lac de la Croix 

Lansdowne House 

Ogoki 

Muskrat Dam 	. 

Slate Falls 

Webique 

Wunnimun Lake 

3 	Sachigo 

Weagamow 

Meowell Lake 

712 	MANITOBA 

St. Theresa s Pt. IR 

Cranberry Portage 

Berens River IR 

God's Lake Narrows.IR 

Oxford House IR 

Pukatawagan IR 

Brochet 

South Indian Lake 

Duck Bay IR 

Easterville 

Notway-House 

Mbose Lake 

Cormorant 

Little Grand Rapids IR 

Split Lake IR 

Blood Vein. -  

'Thicket Portage 

Shamattawa .  

Poplar Point IR 

Pickwitonei 

Jaékhead Harbour 

Red Sucker Lake 

Ilford 

Golds River 

Paungassi 	 • 

Cross Lake 

Matheson Island 

Pine Dock 

Tadoule Lake 

Dauphin Lake 

Granville Lake 

140 

144 

60 

2,063 

924 

817 

889 

824 

698 

691 

590 

543 

648 

494 

471 

451 

412 

634 

330 

318 

300 

335 

255 

242 

233 

232 

214 

201 

167 

114 

112 

99 

80 

74 

960 

661 

570 

532 

424 

403 

371 

364 

300 

200 

181 

142 

.99 

630 

211 

350 

134 

135 

270 

600 

387 

187 

141 

325 

241 

60 

110 

3/4 

214 
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48 

80 

450 

677 

95 

47 

100 

213 

Arnot 

York Landing 

Wasagamach 

Waterhen 

Kinoosao 

Cree Lake 

Taylor Lake 

Molanosa 
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1,136 

750 

545 

471 

494 

427 

328 

319 

276 

309 

239 

214 

210 

438 

150 

140 

147 

127 

116 

115 

100 

100 

87 

637 

74 

71 

57 

SASKATCHEWAN 

La Loche 

Stanley Mission . 

Pelican Narrows IR 

Black Lake 

Sandy Bay 

Pine House Lake 

Fond du Lac 

Canoe Lake IR 	. 

Turnor Lake 

Wipachewunak IR 

Air Rongé 

.Anglo-Rouyn Mine . 

Patuanak 

Dillon 

,Sucker Lake (River) 

South End 

Stony Rapids 

Deschambault 

Beaver Lake 

Wollaston Lake (Mine) 

Missinipe 

Wollaston Lake Hiway. 

Camsell Portage 

Sturgeon Landing 

Jan Bay 

Dore Lake 

Sanderson 

ALBERTA 

Trout Lake 

Loon Lake 

Garden River 

Peerless Lake 

Tall Cree 

Chard 

BRITISH COLUMBIA 

Greenville 

•Aiyansh 

Kitwancool 

•Takla Landing 

. East Moberley 

Halfway  R.  - 

Canyon City 

Finlay Forks 

Fort Babine 

Doig R. 

Ingenika 

NORTHWEST TERRITORY 

Cambridge Bay • 

Baker Lake 

Eskimo Point 

Cape Dorset 

Coppermine 

Fort Resolution 

162 

135 

134 

134 

118 

19 

760 

670 

206 

160 

126 

113 

107 

100 

90 

74 

60 

716 

710 

700 

637 

637 

623 



-27 - 

COMMUNITY 	 POP. 	COMMUNITY 	 POP. 

Rankin Inlet 	 525 

Pond Inlet 	 414 

Coral Harbour 	 330 

Broughton Is. 	 327 

Clyde R. 	 281 

Gjoa Haven 	 276 

Fort Liard 	 263 

Repulse Bay 	 242 

Holman Is. 241 • 

Arctic Bay 	 257 

Chesterfield Inlet 	 . 230 

Snowdrift 	 221 

Spence Bay 	 209 

Belcher Islands 	 200 

Whale Cove 	 190 

Lake Harbour 	 189 

Hall Beach 	. 	• 	186 

Lac la  Martre 	 161 

Pelly Bay 	 215 

Sachs Harbour 	 143 

Tungsten 	 130 

Grise Fiord 	 109 

Arctic Red R. 	 108 

Port Burwell 	 107 .  

Port Radium 	 99 

Paulatuk 	 95 

Rae Lakes 	 . 	73 

Nahanni Butte 	 66. 

Colville Lake 	 65 

Enterprise 	 56 

Jean Marie R. 	 47 
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SUMMARY OF SYSTEMS STUDIES  

1. Introduction 

The conceptual planning for a Canadian domestic satellite communications 

system for operation with small terminals was originally carried out at the 

Communications Research Centre in 1970 and is reported in References 1 and 2. 

The early planning was then supplemented with in-depth feasibility studies 

carried out by RCA Limited under contract to the Department of Communications 

(References 3 and 4). The first study (1971) carried out a complete analysis 

for both space and ground segments for systems operating either in the 240 - 

400 MHz band or at 1.5 GHz in anticipation of an allocation at this frequency. 

In the course of this study, an allocation at 2.5 GHz was made at the 1971 WARC. 

The implications of this change were considered in the contract and found to 

not affect materially the study results. 

The 1971 RCA study indicated that both frequency bands showed 

advantages for certain services. A further study was contracted for in 1972 

to determine the feasibility of a space segment operating in both bands, with 

the ground segment at 2.5 GHz remaining the same as in the previous study, and 

with the ground segment at 400 MHz being modified slightly on the basis of 

work carried out at the CRC. In addition, an aircraft mobile ground segment 

was added and the corresponding space segment requirement specified. The two 

RCA studies examined alternate approaches to the spacecraft design to allow 

trade-off analyses to be made. The alternatives included such major design 

aspects as 3-axis or spin stabilization, approaches to transponder design, 

and various types of antennas. These studies are summarized here, with the 

choices resulting from the trade-of fi3abstracted from the study reports. 
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2.0 Study Specifications  

Specifications for the studies which were carried out by RCA 

Limited included definitions of the system concept in the form of guidelines, 

excerpts of which are given below. These were supplemented by frequent 

consultation and close liaison maintained between the Dept. of Communications 

and the contractor. 

The basic tasks which were carried out in both studies were: 

a) Review of system definitions to define the ranges of parameters 

for the ground and space segments; reach agreement with the 

Design Authority upon the specific range of parameters. 

b) Develop candidate system models; determine areas of sensitivity 

to the complexity, cost, and total number of ground stations; 

determine sensitivity of models to launch vehicle parameters 

and to operational life expectancy; select systems for study. 

c) Analyze selected modéls and develop representative systems, 

subsystems and unit specifications for the ground and space 

segments. 

d) Perform cost analysis for the systems, including development 

and implementation costs. 

e) Prepare final reports. 

The system concept and the earth segment concept are excerpted from 

the guidelines for the first study, given in 2.1 below. The selected space 

segment was derived from the second study, for which the guidelines are 

reproduced in section 2.2. 
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2.1 Guidelines for the First Study  

"OUTLINE OF THE SYSTEM CONCEPT AND 
BASIC STUDY REQUIREMENT. 

The UHF satellite communications system to be studied under 
this contract basically is intended for low capacity voice 
telephony service to remote areas of Canada. The system is 
envisaged to comprise a large number of terminals accessing 
a satellite transponder in a single channel per carrier 
frequency division multiple access mode. Terminals to be 
used in the system will range from two-way voice telephony 
fixed terminals to air and sea mobile terminals as well as 
radio program channel terminals and telementry terminals 
for remote sensing platforms. 

One purpose for carrying out this study is to develop 
cost figures which can be used'for comparison with other 
systems which can meet some of the requirements. Therefore 
a primary requirement of the study is that it concentrate 
on a portion of the overall system requirement that can be 
used as a baseline for the comparison. This portion is 
designated to be that part needed to meet the two-way voice 
telephony service requirements to fixed and transportable 
stations. The other applications of the system, namely the 
provision of mobile, radio program distribution, and telemetry 
services, are to be considered as of secondary importance 
for the purposes of this study and should be treated only to 
the depth that the scale of contracted effort permits. It 
should be borne in mind that these secondary services will 
nevertheless be required and the implications of their 
inclusion in an eventual system must be taken into account 
in the transponder design. 

Several constraints are placed on the two-way terminal 
design by the intended application in remote areas with 
severe environmental conditions. These are:- 

i. the terminals should be small, easy to transport and 
place into operation 

ii. they should operate fully automatically and those in-
tended for commercial service should be capable of 
interfacing to local telephone exchanges 

The earth segment requires large numbers of terminals. 
Therefore.cost trade-offs should be made between the space 
and earth segment portions of the system so that within the 
constraints placed on the configuration of the ground term-
inals the net result is the most economic system meeting 
Canada's unique requirements. 	 • 



QUALITY RANGE OF SERVICES 

Voice telephony services should be considered as 
divided into 2 types -- those which are for commercial 
use and must connect to the public telephone networks 
and those which can be considered as private systems 
for point-to-point applications. Services to mobile 
users and military users fall in the latter catagory. 

A target for the noise power level in a telephony 
channel for commercial service is the performance 
specified in CCIR recommendation 353-1, Vol. IV, Oslo 
1966, p. 205 which allows 10,000 pWp0 for 80% of the 
time and degradations to 50,000 pWp0 which cannot be 
exceeded for 99.7% of timeandt01,000,000 pW for 99.97% 
of time. Specific integrating times are given in the 
recommendation. For private service, noise power 
levels can be allowed to exceed the above recommendation 
by 10 dB. 

Speech processing should be considered to reduce 
transponder power and bandwidth requirements. For 
example, pre-emphasis and companding may be used .for 
commercial service and pre-emphasis and clipping may be 
employed for private service. 

Standard commercial quality should be considered as 
a baseline guide for all other services, such as tele-
printer service. The target for radio program channel 
quality should be for the high quality circuit defined by 
the CCITT, providing a capacity for transmitting a band 
from 50 to 15,000 Hz. A minimum acceptable programme 
circuit would correspond to the 50 to 8,000 Hz circuit 
currently in use in Canada. 

Data from remote telemetry terminals should he 
received with an error rate not exceeding 1 part in 106 . 

EARTH SEGMENT 

Remote Terminals  

For fixed use, a basic requirement is that the ' 
antenna associated with the terminal be small: if 
paraboloidal, it should be less that 4 feet in diameter. 
This is required for transportability, to reduce mounting 
requirements and to ease acquisition problems. Antenna 
types which offer advantages in compactness or portability 
should be given preference. At the lower frequency band 
particularly, it is expected that yagi or helix type 
antennas would be specially suitable. 



Users of the system will be both military and civilian. 
Military uses will be of a tactical nature and will be 
mainly mobile and transportable. Civilian uses will be 
mainly to fixed and transportable stations. Some overlap 
between the types of uses by both kinds of user can be 
expected. Of prime interest to both types of users is 
flexibility and ease of deployment to meet rapidly dev-
eloping and constantly changing situations. 

These notes include the likely range of terminal types 
which may be used in a system. However detail design 
should be undertaken only for the fixed and portable ter-
minals required by military and civilian users. 

TYPES OF SERVICE 

The major type of service required is two-way voice 
telephony, and the portion of the system required to provide 
this service must receive the greatest emphasis in this 
study. Other requirements are for two-way teleprinter 
service, one-way multi-terminal teleprinter service, radio 
program distribution to re-broadcast units, multi-terminal 
voice message distribution such as fleet broadcasting 
applied to the Canadian Sea Forces and low data rate tele-
metry from remote sensor platforms. The types of terminals 
to be served are fixed terminals in small communities, 
transportable terminals, air and sea mobile terminals, and remote 
telemetry terminals. The following table outlines the 
service requirements for each type of terminal. 

Type of Service  

Type 	 Voice 	Two-way 	One-way 	Radio One-way Low rate 
of Terminal 	Telephony Teleprinter Teleprinter Program Voice 	Data 

fixed 	 X 	 X 	 X 	X 	X 

transportable 	X 

air mobile 	 X 	 X 	 X 

sea mobile 	 X 	 X 	 X 	 X 

telemetry 

In general, only one service would be required at 
any one time at each terminal. However, because several 
types of services may be required at some terminals, a 
modular design should be considered, so that common equip-
ment such as the antenna and front-end amplifier can be 
shared. 

X 



For radio programme circuits, a larger antenna may 
be considered. However, the principal of minimum size 
should be adhered to and a paraboloid diameter of about 
6 feet should not be exceeded. 

For aircraft mobile application, antennas giving a 
OdB gain should be considered. Only high gain antennas, 
mechanically or electronically steered, need be considered 
for ship mobile use. 

The electronics in the terminals should be as reliable 
as possible. Maximum use should be made of integrated 
circuit and other solid state components to improve reliab-
ility and reduce size. The use of expensive components 
and those generally complex, from an operational point of 
view , sucli as parametric amplifiers should be avoided for 
as many of the lower cost terminal configurations as 
possible. 

Single channel per carrier access of the transponder 
from each remote station should be assumed. For voice 
telephony and radio program channels, frequency modulation 
should be assumed for baseline design purposes. FSK-FM should 
be assumed for teleprinter services and PSK for telemetry data. 

Network Control Terminal  

One network control terminal should be assumed for the 
system. The antenna can be moderate in size (20 to 30 feet 
in diameter). Equipment in the station will consist of the 
demand assignment computer and associated recording equip- 
ment for records of channel uses for billing purposes and 
for recording general network housekeeping information. The 
station must also have sufficient receivers and transmitters 
to allow 25% of the satellite channel capacity to be used 
for circuits connected to the national telephone networks 
via this station. 

In addition to its demand assignment and national network 
interface function, the network control terminal will per-
form such functions aBautomatically checking the technical 
performance of each remote station and exercising control 
over the operational status of each station. •For example, 
during eclipse, or peak traffic periods, groups of stations 
may be rendered inoperative, or "busy", far short periods 
of time. 

Satellite Control Terminal  

The requirements for a terminal for satellite command 
and control to receive telemetered housekeeping data and 
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exercise appropriate control functions of the spacecraft 
electronics and station keeping apparatus should be 
specified. A gross estimate of terminal cost should be 
made. The possibility of sharing an existing control 
terminal for this function should be discussed. 

METHOD OF OPERATION AND NETWORK CONTROL 

It should be assumed that the network control pro-
cedure will closelyresemble the demand assignment and 
control system described in reference 1. This system is 
based on all ground statiâns using a common duplex channel 
to request and receive communication channel assignments. 
FSK modulation for signalling can be assumed. A frequency 
synthesizer and coding, decoding and control circuitry will 
be required in each ground station to allow for fully 
automatic operation of the demand assignment system and to 
provide the checking and central control features described 
in previous paragraphs. 

RANGE OF SIZES OF THE SYSTEM 

The table below gives an estimate of the minimum, 
average and maximum number of terminals of each type ex-
pected to be required for both civilian and military 
purposes. 

No. of Terminals  

Type of 	Civilian 	 Military 
Terminal 	Min. Av. Max. 	 Min. Av. Max. 

Fixed 	100 200 400 	 20 40 50 

Transportable 20 	40 60 	 20 40 50 

Air Mobile 	- 	- 	- 	 50 75 100 

Sea Mobile 	10 	20 40 	 10 20 40 

Telemetry 	50 200 500 

Radio Channel 20 	40 80 	 0 	0 	0 

Except for the telemetry and radio channel terminals, 
the terminals should be costed for voice telephony service. 
Costs of adding teleprinter service capability should be 
considered as incremental to the basic voice terminal cost. 

■••■•■ 	 ■•••• 

The number of duplex transponder channels required is 



estimated in the table below. It is assumed that telephony 
voice channels are used for teleprinter service and tele-
metry purposes. 

No. of Transponder Channels  

Number Required 
Type of Channel 	 Min. 	 Max. 

Commercial quality voice 	 20 	 60 

Transportable quality voice 	20 	 40 

Radio Program 	 1 	 5 

DESIGN RELIABILITY GOALS 

Margin Considerations  

Margins should be allowed for expected mechanical and 
electrical tolerances for both the ground and space segments 
and for propagation phenomena. For time-varying phenomena, 
sufficient margin should be allowed to meet the service 
qualities specified. 

Operational Reliability and Maintenance Philosophy  

RemeteStations  

It should be assumed that little or no repairs will 
be carried out in the field and that complete sub-systems 
will be replaced when required. Time required for replace-
ment should not exceed 3 hours. For fixed stations, complete 
redundancy should be assumed, with the redundant channel 
being used operationally when available. In this way, 
complete outage due to breakdown can be virtually eliminated 
and problems of queueing for service would be alleviated. 

Transportable andLmobile stations should be designed 
for a minimum service reliability of 6 months. Telemetry 
stations should have a minimum service reliability of 1 
year. 

The entire ground segment should be designed to be 
serviceable for the life of the system. 

IMPLEMENTATION TIME FRAME 

1975 to 1978 is the time frame to be considered for 
potential implementation of,the system." 
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2.2 Guidelines Relating to the Space Segment  

"Objective  

The objective of this study is to examine the 
.feasibility of a communications satellite with trans-
ponders operating in the 225 - 400 MHz band and in the 
2500 - 2690 MHz band. The satellite is to be used for 
communications between small terminals in remote areas. 

Review of System Concept  

The concept of the system using the two frequency 
satellite is an extension of the system studied by RCA 
Ltd., under DSS contract OPL1-0005 "Consulting Services 
for Cost Studies of UHF Satellite Communications Systems". 
The low frequency transponder is to be used mainly to 
provide service to mobile stations on ships and aircraft 
using low gain antennas and to transportable and mobile 
stations using antennas with moderate gain. The primary 
use of the higher frequency transponder is for service 
to fixed stations in remote communities and for radio 
program distribution. Fixed stations will usually be 
connected to community telephone systems and will provide 
access to the national telephone network. 

In order to keep costs at a minimum, a pre-operational 
phase may be considered in the implementation philosophy 
of the system. In this phase, restrictions to service, 
such as limited capacity during eclipse and no in-orbit 
sparing, would be permissible. Subsequent augmentation 
would take advantage of loading statistics, traffic 
patterns and user experience gained in the pre-operational 
phase. 

General Assumptions  

It can be assumed that the system concept is gen-
erally the same as outlined in the system definition pro-
vided for the initial study. Therefore maximum use should 
be made of the analysis already carried out. Basically, 
little additional work is required on the ground segment 
although the implications of new frequency allocations at 
2.5 GHz should be taken into account. A wider range of 
terminals for use with the lower frequency transponder 
has been identified than was analyzed in the previous 
study. Link calculations for these have been carried out 
at the Communications Research Centre and data provided 
in the following sections should be used so that these 
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calculations need not be repeated. 

Frequency Allocations  

The provisions and requirements of the final acts of 
the 1971 WARC should be followed. Where flux density 
limitations prevent the achievement of the operating con-
cept of the system, it should be assumed that 470 NZB of 
Article 7 of the Radio Regulations can apply. 

Type of Satellites  

The satellite may either be 3 axis or spin stabilized, 
with the aim being to provide a spacecraft with maximum 
capacity and operational life. 

Transponder Power  

For the higher frequency transponder the e.i.r.p. 
requirements for each channel can be assumed to be the same 
as calculated in the previous study. The terminals using 
the lower frequency transponder can be grouped for conven-
ience into two main types requiring e.i.r.p.'s of ZB dbw 
(mobile type) and 18 dbw (transportable type). 

Transponder Type  

Special note is made of the severe multipath 
environment existing in the case of the mobile stations in 
the lower frequency band. A channelized, hard-limited 
transponder should be considered as a potential means of 
combatting up-link fading. 

Antenna Coverage  

The area to be serviced by the satellite includes all 
of Canada north of 49

0  latitude. Coastal waters out to 
several hundred miles must also be served. The coverage 
provided by the satellite antenna should be optimized for 
the service area, within the constraints of reasonable 
mechanical antenna size which can be achieved. 

Stationkeeping  

The stationkeeping capability of the satellite must 
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be consistent with the requirement that all non-mobile 
remote ground terminals be non-tracking. Therefore 
stationkeeping requirements are determined by the beam- 
width of the largest antennas used, within pointing 
margins. Tracking capability may be considered for the 
control station, if necessary. 

Eclipse Operation  

A capacity of 100% is a target for eclipse operation. 
The lowest acceptable minimum capacity is 20% if the target 
cannot be achieved because of inadequate launch weight 
capability. 

Reliability  Target for design life of each satellite should be 
a minimum of 7 years. After the pre-operational phase, 
the space segment should include a redundant satellite in 
orbit and a stand-by satellite ready for launch should a 
space segment failure occur. Sufficient redundancy should 
be included in each satellite to ensure a probability of 
0.7 of successful operation over the design life. Re- 
plenishment of the space segment should be such as to ensure 
that the probability of its successful operation is greater 
that 0.9 over a period of 10 years. 

Launch Vehicle  

The Thor-Delta launch vechile, with a 1977 weight 
capability projection, should be assumed." 
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3. Space Segment Concept Development  

The selected space segment design is derived from Reference 4, the 

1972 RCA study. The spin-stabilized configuration is chosen, as being the 

best match between launch vehicle lift capability and weight and power 

required by the satellite hardware. Trade-off analysis also pointed toward 

selection of a deployable parabolic reflector antenna. 

3.1 Launch Vehicle  

Considering the 1977 time frame for implementation, it was decided 

to design to the projected Thor-Delta launch vehicle capability of 1890 lbs. 

in transfer orbit. Figure 3.1 developed from the Delta Restraints Handbook 

shows that the Delta capabilities have been growing steadily and can be 

projected to grow beyond this capability in 1977. In fact, NASA had agreed 

to develop the Thor-Delta to this capability by 1975 for the U.S. domestic 

bidders. This offer was subsequently withdrawn. Since then,however,McDonnel 

Douglas has proceeded with development of the Thor Delta to a 2000 lb. 

capability, in the 3914 configuration. 

Detailed consideration of spacecraft/launch vehicle interfaces, 

attach fittings, fairing imposed size constraints are included in Chapter 2 

of Reference 4. The design parameters resulting from these are that the initial 

on station weight available for the satellite is 963 lbs., after appropriate 

allowances are made for the interstage adapter, apogee motor fuel, etc. The 

volume constraint is shown in the Figure 3.2. Maximum diameter available is 

86", cylindrical to a height of 92.5", and then tapering conically to a total 

height of 155.5". 
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3.2 Unique Space Segment Features  

3.2.1 Mission Peculiarities  

The nature of this mission is such that there are both opportunities 

presented for systems incorporating extreme flexibility of operation and unusual 

spacecraft limitations imposed. The opportunities develop because of the two-

band nature of the traffic model as well as the fact that the major portion of 

the traffic is telephony in the multiple access mode. If a mission is 

dominated by broadcast or other continuous service then the orbiting spare 

satellite cannot be used for extra capacity because the service offered cannot 

be guaranteed on a continuous basis on account of eclipse outage and failure 

probabilities. Considering the statistical nature of ordinary telephone traffic, 

the protection satellite may be used to either improve the grade of service 

availability for a given system capacity, or to increase the system capacity 

for a given grade of service. In the event of an eclipse outage or satellite 

failure the service would return to the lower but sti ll  acceptable capacity 

or grade of service. 

Thus, because of the complex nature of this mission, much of the 

development for the concept of the design which normally is carried out at 

the single spacecraft level, (or at the communications link interfaces thereto), 

is moved up to the space segment level i.e. involves all in-orbit spacecraft. 

The nature of this distinction, and more significantly the manner in which it 

can be exploited in terms of operations, redundancy, eclipse capability and so 

on, is discussed in this section. Finally, although a traffic model had been 

assumed, it is recognized that in provision of new services, as is the case 

here, a maximum of flexibility must be retained so as to approach optimization 

of spacecraft capabilities to match variations about the predicted traffic model. 
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Low Band Services  

In considering telephony services near 300 MHz for small users, it 

is apparent that with the ground terminals of small diameter ( 4 ft), the 

resulting directivity is poor. Thus two satellites spaced in the orbital 

arc at reasonable intervals cannot be operated at the same frequencies. 

If, however, a suitable plan is utilized, the lack of directivity 

can be turned to an advantage in two ways. By operating the two satellites 

at greater than 180  separation in longitude, they are not simultaneously 

eclipsed, and thus by accepting the appropriate link loss associated with 

the pointing error, the traffic can be shifted between the satellites without 

change of pointing of the ground antennas. The shift may be accomplished by 

relatively simple spacecraft power switching or through frequency shifts assuming 

frequency agility of the ground station. Thus, it is possible to have a system 

incorporating satellites without eclipse capability but operationally appearing 

to the ground as a single satellite with full eclipse capability. 

Alternatively, with an appropriate frequency plan, the system appears 

as a single satellite of double capacity and according to whether eclipse 

capability is present or not, either full (2 satellite) capacity through 

eclipse periods or full (2 satellite) capacity in sunlight and half (1 satellite) 

capability in eclipse. 

High Band Services  

The eervices at 2.5 GHz are associated with ground terminals of 4 to 
6 feet diameter and because of the frequency, the ground antennas are more 

directive. In general, one also would anticipate that the telephone user in 

this band would be using the program distribution services. This coupled with 
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hardware restraints in the spacecraft (notably the receiver), makes it 

undesirable to split this traffic through two satellites. Nor can the traffic 

be a readily switched between satellites to ease the secondary power demand 

loads in eclipse, as it would require antenna repointing on the ground which 

is undesirable. However as will be seen in the later portions of this section, 

the location of this transponder with that for low band services opens up some 

potential flexibility in other respects. 

3.2.2 Applicable Concepts and Requirements  

From the program point of view, it is highly desirable that all 

spacecraft be identical. That such should be the case is apparent when 

consideration is given to spacecraft design qualification and, especially, 

the problem of spares, particularly that of "in orbit" spares. In a mission 

such as this, the spacecraft may be required to perform different roles in 

the system and thus there is implied an excess of hardware (and weight) over 

that nominally required for redundancy. For example, if the two spacecraft 

in orbit are identical, then for low band two satellite operations each must 

be on separate frequency assignments and each is carrying a hardware excess 

over its operational requirement. As discussed in 2 sections following the 

penalty may not be severe and indeed may open further operating options. 

Criss-Cross Redundancy 

Considering a two satellite system, it is feasible to consider 

spacecraft configurations wherein there is effective redundancy by transponders 

of differing operating bands rather than by hardware at the same frequency, 

i.e. substitution. In the simplest case, assume that the traffic at low band 
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had the same demands on the spacecraft resources as that of the high band. 

Then, if both transponders are incorporated in each spacecraft, and one band 
- 

is powered up in each, a single transponder failure is corrected by switching 

of the traffic. In this case the satellites could be co-located in the orbital 

arc. This scheme is illustrated in Figure 3.3(a). 

This simplest concept, of course, does not accommodate a spacecraft 

failure in that one band would be lost. Depending on the hardware utilized, 

the scheme can be modified to control the bands in traffic halves, in which 

case the system, in spacecraft failure, can revert to a single satellite 

(Figure 3.3(b)), a practical necessity in any case where pre-operational 

concepts (single satellite) are considered viable. 

It may be noted that criss-cross redundancy can also protect against 

battery failure of some configurations. For example, it was previously 

suggested that 2.5 GHz traffic should be through a single spacecraft, but 

that low band traffic could be split readily, for eclipse purposes. Then, if 

a battery failed in the initially high band spacecraft, the traffic is criss-

crossed so that the high band traffic is now through the satellite having 

battery power. This is particularly effective if the spacecraft has a 

communications capability in excess of the basic model, in which case if 

the two are spaced by the eclipse interval along the orbital arc, in eclipse 

the nominally failed system will provide nearly the basic traffic. 

The concept of criss-cross redundancy has not been utilized, as such, 

in the present designs, but rather a composite of substitution and criss-cross 

redundancy has been applied to obtain flexibility as well as high reliability. 

At low band, redundancy is provided for some services through non-identical 
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substitutions. For example, a low power telephony amplifier capable of 20 

channels may be backed up by one capable of 30 channels. Then, on failure, 

redundancy is internally provided, as long as the prime power is available. 

If an exact replacement were required, then the criss-cross operation would 

be performed. 

Hardware Match to S/C Resources  

The non-identical substitution redundancy is incorporated in order 

to allow the maximum portion of the available power resources of the spacecraft 

to be utilized in the transponder. Thus, early in life, where the solar array 

output is high, units of larger communications capability are used and then 

smaller units substituted as the prime power decreases. It may be noted that, 

in periods of "short" eclipse, this also allows full battery charge to be used 

up to the point where the maximum permissible discharge rate is reached. 

This matching of communications to resources is not unlike the 

situation in the Hughes 333 (Anik) where initially 12 channels can be powered 

up decreasing to 10 at the end of life. The technique of implementation is, 

of course, quite different. 

A problem of add-on capability versus the non-identical substitution 

technique applied here is that additional hardware weight may be required in 

other portions of the subsystem. Section 3.3 describes how the non-identical 

substitution can be implemented so as to provide additional flexibility. 

S/C Versus Operational Phases  

The program documentation supplied by the Design Authority provided 

for the implemented system to have a "pre-operational" phase characterized by 
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use of one spacecraft in orbit for a limited period i.e. no in-orbit spare. 

Such operations may also become necessary in the case of a spacecraft failure 

in the operational system. 

As discussed in the earlier study, the designation of a pre-operational 

phase having the possibility of extended outages offers substantial advantages 

in system costs over an extended mission. The risk of outage is not excessive 

when one considers that in the early life of the spacecraft, the probability 

of failure is low and alternative communications techniques are likely to be 

available. The implications in spacecrait design are that the concepts are 

required to be applicable - preferably close to optimum solutions - for several 

possible system configurations or operating modes. Thus, the performance of 

the spacecraft, individually or as a system, was examined in the following 

circumstances: 

1) Single spacecraft - Sunlight - The objective was to meet 

the minimum traffic model operating as a true dual frequency 

design. 

2) Single spacecraft - Eclipsed - To meet the minimum eclipse model; 

if possible to configure secondary power so as to retain some 

communications service at either band for partial failure of 

batteries; and in any single battery failure to retain house-

keeping. 

3) Dual spacecraft system - Sunlight - To configure each single 

spacecraft so as to have capabilities of operating at full system  

capacity, without split network operation at 2.5 GHz. 

4) Dual spacecraft system - Eclipse - To maintain high band traffic 

by battery power in eclipse and low band traffic by switching 

to the non-eclipse satellite without earth station repointing. 
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5) Dual spacecraft system - Major failure. To verify that 

redundancy internal to a spacecraft plus "criss-cross 

redundancy" maximizes utilization of remaining resources. 

6) Single and Dual - To examine the ability of the spacecraft 

to utilize a reasonable portion of early life excess power 

or to operate additional communications for short periods. 

In addition to the objectives implied in examining the system in 

these configurations, it was desired to have the maximum flexibility of operation, 

thus allowing for variation of the traffic model, and, of course ,  redundancy 

such as to minimize the effects of single failure. 

3.3 Operational Concepts - Transponder  

A considerable amount of flexibility has been designed into the 

spacecraft by providing it with various sizes of output amplifiers. These 

amplifiers can be used with either low power carriers or high power carriers, 

in a variety of combinations. In addition, the amplifier used for the 2.5 GHz 

fixed terminal service is a dual mode TWT that can operate either at full power 

or half power, as desired, thus effecting a reduced drain on the satellite 

resources. 

The operational concept is to put one satellite in orbit along with 

an in-orbit-spare and have a standby on the ground that can be launched in the 

event that one of the satellites in orbit should fail. It is also assumed that 

the in-orbit-spare may be used at the same time as the operational satellite 

as well as during the eclipse period. In addition there is some period of time, 

before the launch of the second satellite when only one satellite is in orbit. 

This also occurs after the first failure prior to the launch of the ground 
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FREQUENCY 	 300 MHz 	 2.5  GHz 

	

Type of Channel 	
High 	Low 	Broad- 	Low 	House- 	Total 

	

Power 	Power 	Rec. 	cast 	Power 	Rec. 	keeping 	(Watts) 

	

1 	20 	— 	3 	90 	— 	— 	— 
One 	 Sunlight 

	

35 	100 	35 	20 	72 	15 	75 	352 
Satellite 

	

1 	10 	— 	2 	45 	— 	— 	— 
Operational 	Eclipse 

	

35 	50 	15 	15 	40 	15 	58 	228 

	

3 	30 	— 	3 	90 	— 	— 	— 
Max. Power 

	

150 	150 	35 	30 	72 	15 	75 	517 

One 	 2 	30 	 3 	90 	— 	— 	— 
2 Years 

Satellite 	 100 	150 	35 	20 	72 	15 	75 	467 

Extended 	 2 	20 	— 	3 	90 	— 	— 	— 
5 Years 

	

Service 	 100 	. 	100 	35 	20 	72 	15 	75 	417 

	

1 	30 	— 	3 	90 	— 	— 	— 
6 Years 

	

35 	150 	35 	20 	72 	15 	75 	402 

Table 3.1(a) — Single Satellite—Dual Spin. (Upper figures refer to number of channels, 

lowe to power in watts) 

	

FREQUENCY 	 300 MHz 	 2.5 GHz 

	

Type of Channel 	
High 	Low 	 Broad- 	Low 	House- 	Total 

	

Power 	power 	Rec. 	cast 	Power 	Rec. 	keeping 	(Watts) 

1 	20 	— 	3 	90 	— 
No. 1 

	

35 	100 	35 	20 	72 	15 	75 	352 
Both In Sunlight 	 2 	30 	— 	_ 	 — 	— 	— 

No. 2 

	

100 	150 	35 	— 	— 	— 	75 	360 

1 	— 	— 	3 	90 	— 	 — 
No.1 	35 	— 	15 	20 	72 	15 	58 	215 

No. 1 In Eclipse 	 2 	30 	— 	— 	— 	— 	— 	— 
No.2 

	

100 	150 	35 	— 	— 	— 	75 	360 

1 	20 	— 	3 	90 	— 	— 	— 
No.1 

	

35 	100 	35 	20 	72 	15 	75 	352 
No. 2 In Eclipse 

2 	10 	— 	— 	— 	— 	— 	— 
No.2 	

100 	50 	35 	— 	— 	— 	58 	243 

Table 3.1(b) — Two Satellites Operational —Dual Spin 
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standby. During this period of single satellite operations it is desirable to 

have some eclipse capability and thus, at least minimal battery power for this 

period, is carried. In the low band, in order to operate two satellites at 

the same time with both illuminated by up-link signals it is necessary that 

they operate at different frequencies. However, it is also desirable to have 

only one standby on the ground, which requires that all satellites be identical. 

It is proposed that each satellite have two low band local oscillator frequencies 

which can be selected on command. Thus the standby on the ground can replace 

either satellite in orbit and, in fact, the two satellites in orbit can inter-

change their low band frequency assignments. 

Typical loading for one satellite and two satellites in orbit has 

been worked out and is listed in Table 3.1 which pertains to a dual-spin 

configuration. For one satellite operation both sunlight and eclipse operation 

are shown. The goal for eclipse operation is that the minimum traffic model 

be maintained. At 2.5 GHz the minimum traffic model has been exceeded during 

eclipse. However, for single satellite operation during eclipse, the minimum 

traffic model for the transportable service has not been achieved. It is not 

possible to augment the transportable service by reducing the service at 2.5 

GHz because of the selection of an available TWT for operation at 2.5 GHz. 

For one satellite in sunlight the minimum traffic model is equalled at 300 MHz 

and exceeded at 2.5 GHz even at end-of-life summer solstice, the minimum power 

situation. 

For two satellites in orbit typical loading patterns are as shown in 

Table 3.1(b). This is shown for both satellites in sunlight and for either one 

in eclipse. The two eclipse conditions are not the same because the 2.5 GHz 

service is not switched between satellites. For one satellite in eclipse, 
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again at end-of-life summer solstice, the 2.5 GHz services are unchanged from 

sunlight conditions and the 300 MHz services are 3 high power and 30 low power, 

significantly above the minimum traffic model. 

Also shown in this table is the loading that can be achieved during 

periods other than end-of-life summer solstice. 

The maximum loading for which hardware is provided is 517 W. This 

is obtained with 3 high power channels and 30 low power channels at 300 MHz 

and full service at 2.5 GHz. Other steps shown are 467, 417 and 402 watts 

although intermediate steps may be obtained at 485 and 435 watts by reducing 

the 2.5 GHz voice service. 

It should be noted that all the power levels shown in the table are 

calculated on the basis of 100% load factor, or in eclipse 100% duty cycle. 

For the 2.5 GHz services the D.C. power drain is fixed, independant of the 

percentage use factor on the service. For the 300 MHz services the D.C. 

power drain will decrease when the loading is less than 100%. This is 

particularly true of the Class C amplifier for a single high power carrier. 

When no carrier is present the D.C. drain drops to a very low level and thus 

the average power drain will be proportional to the percentage use factor on 

the channel. Similar considerations apply to the low intermod amplifiers 

however, the reduction is not proportional to the use factor. For example, 

when the amplifier which is sized for 20 low power carriers is used with only 

10 carriers then the power drain will be less than the maximum of 100 watts, 

but more than 50 watts. Since no figures are available for use factors of 

the various channels the power levels shown are for 100% use factor. However, 

sufficient hardware is included in the design to allow the satellite to be fully 

loaded even under less than 100% duty cycle. 
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3.4 Space Segment Program 

As shown in Reference 3, it is desirable that individual spacecraft 

lifetime be close to the period of system operation or a convenient fraction 

thereof. Inasmuch as the space technology relating to operational 

communications spacecraft generally leads to a seven or eight year lifetime 

at good reliability (when spared), the ten year system stipulated is a 

moderate match. It is proposed that the program be designed around a two 

year pre-operational phase with no in-orbit spare. At the two year point 

with (presumably) traffic build up, the second spacecraft would be launched. 

This would be followed one to two years later by the third launch. The system 

would of course be backed up by a spare held on the ground for use in the 

case of a launch failure or early in-orbit failure. 

The launch program described above is one of various launch 

strategies discussed in Reference 3. The probability of success most 

pertinent to this strategy is reproduced in Figure 3.4, in which individual 

satellite life is assumed to be 8 years with a probability of success of 0.7. 

The curve shows a program probability of success well in excess of 0.9 over 

the 10 year period. Delaying the third launch by one or two years would not 

cause a degradation below this figure. As can be seen the lack of an in-orbit 

spare early in the program still yields a high reliability figure. 

It is recommended that the actual strategy of launches and 

replenishment be adaptive to launch dispersions achieved and traffic growth; 

thus the program proposed is essentially that for procurement. 



Ic- 
-1 

1 

- 
, 

- 

\ 

1 •0 

0.98 

0.96 

co  0.94 
co 
C.> 

cn 
Li- 
tz) 0.92 

7, 
Fri 

oao 

0438 

0.86 

0.84 

11■0 

Imim• 

• 

0.82 
0 4 	6 	 8 	 10 

YEARS IN ORBIT --le.- 
2 

PROBABILITY OF SUCCESS FOR A LAUNCH 

STRATEGY WITH A 2 YEAR PRE-OPERATIONAL PHASE 

FIGURE 3.4 



-  28  - 

For a ten year system, under these constraints, procurement would 

be of three flight spacecraft and refurbishing of the prototype as ground 

spare, for a total of four flight worthy spacecraft. The minimum operational 

system under most favourable circumstances would involve two flight and one 

backup. 

In the cost estimates, the prototype has been designated as a 

complete model suitable for refurbishing and flight, although in practice 

some of the transponders and solar array might be replaced by dummies during 

the qualification testing. Further, the program has been costed on the 

basis of smooth continuity of production. 

Station Keeping  

In developing the spacecraft budgets, and particularly those 

associated with secondary propulsion, use has been made of biased insertion 

into orbit as was discussed in Reference 3. The tanks for hydrazine have 

been sized (by weight) to provide capacity to increase the fuel load. This 

appears to be a satisfactory solution for this phase of design. As discussed 

elsewhere, the fuel load likely to be aboard at lift-off, coupled with a small 

dispersion of the launch vehicle trajectory, make it highly likely that fuel 

for closer inclination control would be available. 

The biased insertion - reduced inclination control concept makes 

use of the fact that natural orbit perturbations cause a change in inclination. 

If an initial negative inclination is imparted to the orbit, this will gradually 

decrease until a zero value is reached and then begin to increase again as a 

positive inclination. Since the beamwidths of the earth stations are 

sufficiently wide so that some inclination can be tolerated, some fuel normally 
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required for inclination correction can be saved and thus more weight be 

made available for other purposes. Analysis indicates that the equivalent 

weight of fuel needed for about 4 years of inclination correction could be 

saved. Several station keeping strategies are possible and are indicated 

in Figure 3.5. 

Two other alternatives exist. First, and particularly applicable 

for this case, where the cdo-satellite system provides communications through 

eclipse periods without the necessity of large batteries, is to trade batteries 

for fuel weight. Alternatively, if the system is truly designed for a ten 

year system with little capability carry-over beyond this, it is conceivable 

(but not recammended) that individual spacecraft lifetimes be reduced. 
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4. Communications Transponder  

4.1 Introduction  

This section describes the proposed transponders for the hybrid 

UHF communications satellite. Two transponders are described, one operating 

in the vicinity of 300 MHz and the other operating in the vicinity of 2.5 GHz. 

The satellite will carry both transponders and in fact will be able to operate 

in both frequency bands at the same time. 

4.2 Transponder Configurations  

4.2.1. Transponder for 300 MHz  

The transponder is required to carry high power and low power carriers 

with 10 dB difference between them (see Figure 4.1). Because of this large 

difference in power level it is necessary to amplify the different levels in 

separate amplifiers and combine them in a linear circuit (i.e. a multiplexer). 

This reduces the amount of intermod energy created and confines it all to the 

pass band of the multiplexer filters used. 

The power output amplifiers are assumed to be adjusted for low intermod 

and high efficiency. These have a dynamic range of at least 3 dB over which low 

intermod is maintained. That is,an amplifier that is sized for 30 low power 

carriers will operate with a satisfactory intermod level with only 20 carriers. 

The DC power level required for 20 carriers in a 30 carrier amplifier is greater 

than for the saine  20 carriers going through a 20 carrier amplifier. However, 

the power drain of 20 carriers through a 30 carrier amplifier is lower than for 

30 carriers through the same amplifier. In order to adjust the power drain for 

one type of service various sized amplifiers are provided. This allows the 

resources of the satellite to be switched from one type of service to another. 
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In the configuration shown in Figure 4.1 amplifiers of different 

sizes are provided which can be switch selected for operation into each 

channel of the multiplexer. Two (one and spare) of the amplifiers assigned 

to band 2 are class C specifically adjusted for one high power carrier. They 

cannot be used in any other way. Two class C amplifiers are provided because 

of the high use factor expected for one high power carrier. The other 

amplifiers assigned to band 2 are low intermod types sized for two and three 

high power carriers respectively. They can also be used for 20 (or 30) low 

power carriers. 

The three amplifiers assigned for use with band 1 are all low inter-

mod types and are sized for a maximum of 10, 20 and 30 low power carrier. 

These may also carry one, two or three high power carriers respectively. It 

should be noted that one high power carrier passing through an amplifier 

adjusted for low intermod with 10 low power carriers has a higher DC power 

drain than the class C amplifiers sized for one high power carrier. Thus this 

use of the 10 carrier amplifier could only be justified under rather rare 

combinations of failures. 

Preceding the output power amplifiers are appropriate up-converters 

and a number of paralleled IF amplifier strips. The maximum number of IF 

amplifiers required at any one time is 30. However, a certain number (5) are 

added for redundancy making 35. These are identical except for frequency and 

have a gain suitable for the low power carriers. In addition a number of IF 

amplifiers (3 plus 2 spare) with 10 dB higher gain must be provided. These may 

be different amplifiers with special frequency assignments (as is assumed here) 

or some or all of the other 35 amplifiers can be provided with a switched gain 

adjustment. The output amplifiers are broadband so that the 10 carrier amplifier 



-  34  - 

may be used with any of the 35 low gain IF amplifiers. If 11 carriers are 

required the output amplifiers can be switched without interruption of service 

and without changing frequency assignments. 

The maximum number of IF amplifiers required for band 2 is identical 

to the number required for band 1. 

Two local oscillators are shown both for the up-converter and for 

the mixer. These are not redundant units but are units oscillating at different 

frequencies. This facility is added so that the operational satellite and the 

in-orbit spare satellite may both be operated at the same time, the one using 

local oscillator 1 and the other by using local oscillator 2. The two satellites 

as well as the back-up unit on the ground are completely identical so that the 

unit on the ground can be used to replace either satellite in orbit in the event 

of a failure. Table 4.1 gives a summary specification. 

4.2.2. Transponder for 2.5 GHz  

This transponder (Figure 4.2) is somewhat similar in concept to the 

300 MHz transponder. The radio program carriers at 25 dBW are amplified in 

separate amplifiers from the 15 dBW voice carriers. They are combined linearily 

in a multiplexer. There is less requirement at 2.5 GHz for flexibility of 

loading. The voice carriers, amplified in a 20 watt TWT, can be adjusted in 

loading by switching to a 10 watt mode. The program load may be reduced by 

making the standby unit a lower power level. 

The 2.5 GHz transponder has a single frequency conversion. An input 

multiplexer is then required to separate the radio program carriers from the 

voice carriers. This configuration requires that the frequency plan on the 

up-link is identical to that in the down link including the separation between 
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the program carriers and the voice carriers. If this can not be arranged 

then a double frequency conversion will be necessary, down to an IF frequency 

and then to the required down-link frequency. Program separation is done at 

IF frequencies and frequency shift is accomplished by using different up-

converter local oscillator frequencies. 

A double frequency conversion transponder with an IF amplifier stage 

would provide the possibility of cross-strapping between 300 MHz and 2.5 GHz. 

A summary specification . of the 2.5 GHz transponder is given in Table 4.1. 

4.3 Duplexing Arrangements  

The duplexer and associated components have the task of connecting 

the transmitter and receiver to the same antenna while protecting the receiver 

from leak...through of the transmitted signal or of other spurious signals from 

the transmitter. It also contributes to the reduction of spurious  signais, 

 outside the assigned frequency band, that would otherwise be radiated from the 

antenna. 

The block diagrams of the satellite transponders at 300 MHz and 2.5 

GHz are shown in Figures 4.1 and 4.2. These diagrams show the arrangement 

assumed for input and output filtering and duplexing. The budget for isolation 

provided by different elements of the filtering system are given in Table 4.2. 

The thermal noise from the output amplifier is estimated first. The noise power 

being considered in both the 300 MHz and 2.5 GHz transponders is that of the 

final output broadband amplifier in the receiver band. Out of band noise is 

removed by the input multiplexer in the 2.5 GHz transponder and by filters 

incorporated in the up-converter in the 300 MHz transponder. A noise figure of 

15 dB is assumed for the output amplifier which is raised by the 50 dB gain 
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3 
Transistor 

3.9 
67 % 

2.5 GHz SUBSYSTEM 

Type 
Operation 
Input 
Multiplexing 

Weight 

Services 

Number of Carriers 

Output Device 
Output Power (dBIN) 

• 	Eclipse 

[Single Frequency Conversion 	1 
F.D.M.A. 	 1 
Uncooled Paramp 	 I 
Graphite Fiber Epoxy Composite 

I Waveguide Filters 
20 lbs. 	 I 

Telephony 

90 
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9.2 
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300  MHz SUBSYSTEM 

Type 	 Dual Frequency Conversion 
Fully Channelized at I.F 

Operation 	 F.D.M.A. 

Input 	 Low Noise Amplifier 

Multiplexing 	 Interdigital Filters 

Weight 	 70 lbs. 

Services 	
Mobile 	Transportable 

Number of Carriers (Max.) 	 3 	 30 

Number of Carriers (E.O.L.) 	1 	 20 

Output Device 	 Transistor 	Transistor 

Output Power (dBW) (Max.) 	16.1 	16.1 

Eclipse 	 1 	 10 
, 

Table 4.1— Specifications for the Dual.Frequency Transponder 

(Single Satellite Service) 
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Table 4.2  

Budgets for Isolation Between the  
Input and Output Lines for the Two Transponders  

300 MHz 	2.5 GHz 

Transmitter input noise power (NF = 15 dB) 
density 

Gain of transmitter 

Output noise in receiver band dBW/Hz 

dBW/Channel 

Output spurious (60 dB down) 

-189 dBW/Hz -189 dBW/Hz 

50 dB 	50 dB 

-139 	-139 

- 97 	-97 

- 35 dBW 	- 48 dBW 

Attenuation in receive band 
Mux filter (dB) 	 90 	 90 
Duplexer filter (dB) 	 35 	 35 
Output filter (dB) 	 55 	 40 

Output filter atten. at second harmonic (dB) 	> 50 	> 50 

Required output noise level 
in receive band at input to receiver dBW/Hz 	-214 	-214 

	

dBW/Channel -170 	-170 

Output power (dBW) 	 25 	 12 

Attenuation in transmit band 
Duplexer filter (dB) 
Input filter (dB) 

Transmitter leakage (dB) 

Gain in first AMP (dB) 

Input to first mixer (dBW) 

Below L.O. (dB) 

Below intercept PT (dB) 

Above signal level (dB) 
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amplifier to -139 dBW/Hz or -97 dBW/channel. A second source of noise is 

spurious signals in the output amplifier. The spurious are at a higher level 

than the thermal noise and determine the filtering required. A total filtering 

of 180 dB and 165 dB are assumed for the two transponders divided as shown 

between the multiplexer, the duplexer and the output filter. In addition, the 

output filter is required to provide at least 50 dB of attenuation at the 

second harmonic frequency. 

The requirement on the input filter is to provide attenuation of the 

output signal so that it does not interfere with the operation of the input 

amplifier and does not interact with the input signal. The criteria for 

determining the level is that it must be much lower than the local oscillator 

power level of the first mixer and also much lower than the intercept point of 

the first amplifier. These have both been assumed at OdBm. This criteria does 

not ensure that the output is reduced below the level of the input signal and 

a thorough analysis would be required to determine that there are no interactions 

between the residual output signal and the input signal occurring within the 

bandwidth of the IF amplifiers. The isolation of the input filter at the 

transmit frequency is thus established as 90 dB at 300 MHz and 75 dB at 2.5 GHz. 

Using this budget as a basis a summary spec has been developed for the input and 

output filters. These are shown in Table 4.3 with the multiplexer filter included. 

The filter pass band and cut-off characteristics are shown in Figures 

4.3 and 4.4 for 300 MHz and 2.5 GHz respectively. At 300 MHz the input and 

output filters are shown as specified with a pass band of 20  MHz. This assumes 

that the two bands are not more than 20 MHz apart. If the two bands are 

separated by more than 20 MHz or are located in a different part of the spectrum 

then the input and output filter designs would of necessity be altered. With a 
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Table 4.3  

Summary Specifications for the Input and Output Filters  
and the Multiplexer Filter for Both Transponders  

Minimum àf 	 4.0 MHz 	3.1 MHz 
Insertion loss 	 1 dB 	 1 dB 
Minimum separation between 

filter center frequencies 	8.6 	 7.0 
No. of sections 	 5 	 5 
Isolation at cross-over PT 	35 dB 	35 dB 

Output Filter 
Qo 	 2000 	20000 
Af 	 20 MHz 	35 MHz 
f/àf 	 15.5 	 72 
Return loss 	 24 dB 	24 dB 
Isolation at rec. freqs. 	 55 dB 	40 dB 
No. of sections 	 4 	 4 
Insertion loss 	 0.15 dB 	0.08 dB 
Isolation at second harmonic 	>50 dB 	>50 dB 

Input Filter 
Center frequency 	 390 MHz 	2675 MHz 
Qo 	 2000 	20000 
Af 	 20.0 MHz 	35.0 MHz 
f/àf 	 19.5 	 77 
Return loss 	 24 dB 	24 dB 
Isolation at trans. freq. 	90 dB 	75 dB 
No. of sections 	 5 	 5 
Insertion loss 	 0.2 dB 	0.1 dB 
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large separation between bands it may be necessary to add an input multiplexer 

or make other alterations in the transponder design. 

At 2.5 GHz the input and output filter pass band at 35 MHz covers the 

full band assigned for satellite service. Any specific assignments within that 

band can be accommodated without modifying the filter design. 

A critical item of the satellite design is the loss in the output 

transmission line. One of the main components of this loss is contributed by 

the output multiplexer. This component is inversely related to the passband 

of the output multiplexer filters as illustrated in Figure 4.5. The bandwidths 

of the multiplexer filters listed in Table 4.3 can be altered with a corresponding 

change in insertion loss as given by Figure 4.5. 

4.4 Output Power Stages  

The transponder block diagrams of Figures 4.1 and 4.2 show output 

amplifiers operating at different power levels. These will be transistor 

amplifiers at 300 MHz, a 20 watt TWT for the voice service at 2.5 GHz. Two of 

the amplifiers at 300 MHz will carry only one high power carrier and are therefore 

adjusted for high efficiency class C operation. The remaining transistor 

amplifiers have two or more carriers and therefore must be adjusted for low 

intermod. These amplifiers are therefore adjusted as described in Reference 4 

(Chapter 5 and Appendix A). 

Table 4.4 gives the output loss budget for the two transponders and 

depending upon the number of devices required to give the specified output 

power level. This number is either one or two so that at most only two devices 

must be combined. These devices will be combined with a dual hybrid switched 

phase shifter configuration. 



320 MHz (Q0  =2000, 5 SECTION) 

2.5 GHz (Q 0 = 20,000, i5 SECTION) 

	_l L 	I._ 	_1 	J. 
1 	2 	3 	4 	5 	6 	7 

BANDWIDTH OF MLIX FILTER (MHz) 

M
U

LT
IP

LE
XE

R
 IN

SE
R

T
IO

N
 LO

SS
  (d

B)
  

Figure 4.5 — Dependence of multiplexer insertion loss on the passband bandwidth of the 
multiplexer filters. 



-  45  - 

Table 4.4  

Budget of Transponder Output Losses  

Frequency 

300 MHz 	 2.5 GHz 

Output Device 	Transistor 	Transistor 	Transistor 	TWT 

Number of Devices 	1 	 2 	 2 	 1 

Output Filter (dB) 	0.15 	 0.15 	 0.08 	0.08 

MUX Filter (dB) 	 1.0 	 1.0 	 1.0 	1.0 

Switches (dB) 	 0.3 	 0.3 	 0.2 	0.2 

Combining Losses 	0.1 	 0.35 	 0.35 	0.1 
(dB) 

TOTAL(dB, 	1.55 	 1.80 	 1.63 	1.38 
, 

Table 4.5 gives the main characteristics of each of the output 

amplifiers including the drive stages. The specified EIRP per channel at 

300 MHz is 28 dBW for high power channels and 18 dBW for low power channels. 

This is the equivalent single carrier class C EIRP and is 1.05 dB higher than 

the multi-carrier EIRP actually required. For the 300 MHz amplifiers this dB 

is subtracted out again to give the actual EIRP/channel of 27 and 17 dBW. 

For the multi-carrier amplifiers adjusted for low intermod, the reduction in 

efficiency below the single carrier class C efficiency is 0.6 dB. To this has 

been added an implementation margin of 1.0 dB making a total back-off of 1.6 dB. 

The 1.0 dB margin is considered necessary because the low intermod condition has 

been measured on only one transistor operating at 1.8 GHz where the class C 

efficiency is only 42 7. . Extrapolation to 300 MHz where the class C efficiency 

is 80% or to 2.5 GHz where it is only 35% may not be valid. 
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Table  4.5 

Calculation of DC Power Requirements  
for Various Amplifier Sizes for the Two Transponders  

Frequency (MHz) 	 300 	300 	300 	300 	300 	2500 	2500 

Type of Service 	 Mobile 	Mobile 	Mobile 	Transp 	Transp 	Program Fixed 
No. of Carriers 	 1 	 2 	10 	20 	30 	 3 	92 

Spec. EIRP/Carr. (dBW) 	28 	28 	18 	18 	18 	 25 	15.4 

Actual EIRP/Carr. (dBW) 	27 	27 	17 	17 	17 	 25 	15.4 

Total EIRP (dBW) 	 27 	30 	27 	30 	31.8 	29.8 	35.05 

Antenna Gain (dB) 	 15.7 	15.7 	15.7 	15.7 	15.7 	25.9 	25.9 

Output Power (dBW) 	 11.3 	14.3 	11.3 	14.3 	16.1 	3.9 	9.15 

RF Losses (dB) 	 1.55 	1.8 	1.55 	1.8 	1.8 	1.63 	1.38 

Generated (dBW) 	 12.85 	16.1 	12.85 	16.1 	17.9 	5.53 	10.5 

Power (Watts) 	 19.3 	40.7 	19.3 	40.7 	61.5 	3.58 	11.2 

Output Stage 	 Class C Low Im 	Low Im 	Low Im 	Low Im 	Low Im 	20 Watts 

	

Trans. 	Trans. 	Trans. 	Trans. 	Trans. 	TWT 
No. of Devices 	 1 	 2 	 1 	 2 	 2 	 2 	 1 

Saturation Eff. (%) 	80 	80 	80 	80 	80 	 35 	31 

Back-off (dB) 	 0 	 1.6 	1.6 	1.6 	1.6 	1.6 	2.5 

EPC Eff. (%) 	 95 	95 	95 	95 	95 	 95 	90 

DC Power (Watts) 	 25.4 	77.5 	36.7 	77.5 	117.0 	15.5 	72 

Gain (dB) 	 7 	 7 	 7 	 7 	 7 	 7 	50 

Input Power (Watts) 	 3.9 	8.1 	3.86 	8.1 	12.3 	 .71 	-95 dBm 

2nd Drive Stage 	 Class C Low Im 	Low Im 	Low 1m 	Low 1m 	Low 1m 

	

Trans. 	Trans. 	Trans. 	Trans. 	Trans. 	Trans. 
Overall Eff. (dB) 	 1.2 	2.8 	2.8 	2.8 	2.8 	2.8 

DC Power (Watts) 	 5.1 	15.5 	7.3 	15.5 	23.4 	3.1 

Gain (dB) 	 7 	 7 	 7 	 7 	 7 	 7 

Input Power (Watts) 	 .78 	1.6 	.77 	1.6 	2.46 	.14 

1st Drive Stage 	 Class C Low Im 	Low Im 	Low Im 	Low Im 

	

Trans. 	Trans. 	Trans. 	Trans. 	Trans. 
Overall Eff. (dB) 	 1.2 	2.8 	2.8 	2.8 	2.8 

DC Power (Watts) 	 1.02 	3.1 	1.45 	3.1 	4.7 

Gain (dB) 	 7 	 7 	 7 	 7 	 7 

Input Power (Watts) 	 .155 	.32 	.154 	.32 	.49 

Previous Stage 	 Class A Class A Class A Class A Class A Class A 

	

Trans. 	Trans. 	Trans. 	Trans. 	Trans. 	Trans. 
Overall Eff. (dB) 	 8 	 8 	 8 	 8 	 8 	 8 

DC Power (Watts) 	 2.0 	4.0 	1.9 	4.0 	6.1 	1.8 
Gain (dB) 	 -30 	-30 	-30 	-30 	-30 	-37 

Total DC Power (Watts) 	33.5 	100.1 	47.4 	100.1 	151.2 	20.4 	72 
Total DC/RF Loss (dB) 	3.9 	5.7 	5.45 	5.7 	5.7 	9.2 	9.4 
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The amplifiers shown in Table 4.5 are nominally sized for a specified 

number of carriers of a specified power level. However, except for the class C 

amplifier, these amplifiers can handle different numbers of carriers at different 

power levels. As an example, the amplifier sized for 30 low power carriers can 

equally well carry three high power carriers and the amplifier sized for 2 high 

power carriers is in fact identical to that for 20 low power carriers. This can 

be generalized to other power levels with the appropriate numbers of carriers. 

In particular the highest power amplifier can be used with a single carrier given 

an output EIRP of 32.8 dBW by increasing the gain in the IF stages of the 

transponder. Figure 4.6 gives the maximum number of carriers that can be used 

with the three sizes of amplifiers as a function of the output EIRP (equivalent 

class C). 

Each amplifier may be used with less than the maximum number of 

carriers and, provided the actual number does not fall below approximately 

one-third to one-half of the maximum number, the intermod level will be within 

acceptable limits. 

4.5 Frequency Plans  

4.5.1 Plan for 300 MHz  

It is assumed in this discussion that the normal channel width is 

20 kHz and that the normal channel separation is 25 kHz. The number of separate 

frequency assignments for band one is 40, including those required for redundancy. 

This makes a total of 1 MHz bandwidth. This must be doubled to accommodate the 

operation of the second satellite (i.e. the second local oscillator). Band 2 

has the same total of 40 channel assignments and thus has the same total bandwidth 

requirements. 
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The minimum filter width considered acceptable from an insertion loss 

point of view is about 4 MHz. It is assumed, however, that two bands, both 5 MHz 

wide can be obtained at both up-link and down-link frequencies for the exclusive 

use of Canada. These bands should both be as high in frequency as possible. The 

minimum separation between centre frequencies of the two bands should be about 

10 MHz. Because the transponder is a double frequency conversion type the 

frequency separation between the two up-link bands need not be the same as 

between the two down-link bands. The location of the bands in both up-link and 

down-link are shown in Figure 4.3. These locations are considered most 

advantageous from overall systems aspects. One possible way of utilizing the 

spectrum within the bands is shown in Figure 4.7. Both the up-link and the 

down-link bands are identical in internal arrangement. 

4.5.2 Plan for 2.5 GHz  

The number of simultaneous frequencies at 2.5 GHz is 90, however, 

the number of frequency assignments must be 180 for a total frequency band of 

4.5 MHz. This is approximately equal to the minimum bandwidth obtainable with 

a waveguide filter. It would be desirable to have an allocation of 5 MHz for 

band 1 to give an even 100 duplex channels with 25 kHz channel spacing. For 

band 2 only three program channels of .25 MHz each are being used. An allocation 

of 3 MHz is assumed for this service. This is nominally enough bandwidth 'for 

twelve program channels. The three proposed broadcast channels can be placed 

in intermod free locations. This service could be expanded in a second 

generation satellite system. Alternatively, a narrower allocation with higher 

multiplexer loss could be tolerated because of the small total load of the 

broadcast service. Because the transponder shown in Figure 4.8 has only a 

single frequendy translation the frequency separation between the two bands in 
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the up-link must be the same as in the down-link. If this is not possible then 

the transponder must become a dual frequency conversion type with an IF amplifier 

section. This has the additional advantage that cross-strapping between 300 MHz 

and 2.5 GHz would then be possible. Some additional IF amplifiers with separate 

frequency assignments would need to be added to go from 300 MHz to 2.5 GHz as 

well as some to go from 2.5 GHz to 300 MHz. These would have to have a different 

gain than the other IF amplifiers. 
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5. Antennas for the Two Band Satellite  

5.1 Introduction  

The major consideration in selecting an antenna design for the two 

band satellite is that the antenna system must operate at two widely different 

frequencies - 300 MHz and 2.5 GHz. Three choices are discussed in Reference 4 - 

to use an antenna with an electrical bandwidth spanning this whole frequency 

range, to use two completely separate antennas, both electrically and structurally, 

or to use two antennas which are separate electrically but share as much structure 

as possible. The choice between these approaches must be based on the provision 

of net gain sufficient for operation of the communications system with the 

required traffic capacity, within the physical launch size limitations imposed 

for the spacecraft by the fairing and at a low enough weight to remain within 

the launch weight limitations for the spacecraft, and to comply with secondary 

considerations of despun weight and spacecraft stability. 

In this study maximum use was made, where possible, of previously 

available information, and in particular of information generated during the 

previous study of a "UHF Communications Satellite System" referred to here as 

Reference 3. The remaining portions of this section describe the spacecraft 

antenna of the two band satellite system which trade- of fs have shown to be 

best for the dual spin configuration. This is a deployable antenna using a 

paraboloidal reflector and having a dual feed system operating at 300 MHz and 

at 2.5 GHz. 

5.2 Antennas for Dual Spin Satellites  

5.2.1 Antenna Desie Limitations  

The fundamental design limitations on the antenna for the two band 

satellite can be described as follows; 
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(a) Net gain. The minimum effective antenna gain within the required 

coverage area after subtraction of all system losses, must be sufficient to make 

it possible to meet the traffic requirements at both frequencies. These are 

specified in terms of EIRP seen from the ground over the coverage areas. 

Reference to Section 4 of Reference 4 will show that the minimum traffic require-

ments demand minimum net antenna gains at 300 MHz of 13 dB, and at 2.5 GHz of 

25.9 dB. (Higher traffic capacities can be obtained with net antenna gains of 

15.7 dB at 300 MHz and 25.9 dB at 2.5 GHz, and it is shown here that these are 

obtainable with the proposed antenna configuration.) These figures assume losses 

in the transmission path to the antenna, including the rotary joint, of 1.8 dB.* 

The antenna gains quoted above are "edge gains" - i.e. gains in the direction of 

the edge of the area covered. Effectively these are the minimum gains observed 

within the coverage area. 

These figures for required gain are obtained on the basis of a specific 

assumption as to available power (and its division between the two frequencies). 

The  available power is taken as that from a surface mounted array on a cylindrical 

body of maximum diameter (86") and height (92") available in the cylindrical 

portion of the fairing. (See Figure 3.2 of Section 3, on Page 14 .) 

(h) Physical size at launch. The antenna size and, hence, gain is 

limited by the fairing dimensions. There is, in fact, a trade-off between 

available power (i.e. size of the solar cell array) and available antenna gain 

since the shorter the spacecraft body is, the larger the antenna can be, within 

the same shroud dimensions. However, the trade-off turns out not to be a very 

sensitive one, so all design was done assuming a spacecraft of maximum height (92") 

permitted by the cylindrical portion of the fairing. This leaves 65" launch 

height for the antenna. 

* For design purposes the antenna interface for net gain specification was 
stipulated at the transponder output flange. 
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Assuming a deployable parabolic antenna of the type discussed in 

Reference 3, similar to those used in the Apollo lunar-landing missions, this 

permits about a 130" diameter deployed dish, using a single fold deployment 

technique (Figure 5.1). 

5.2.2 Available Antenna Gains  

In order to maximize traffic capacity with a given available power, 

it is necessary to maximize the minimum antenna gain toward any point in the 

coverage area. This minimum gain, in the case of Canadian coverage, will be 

the gain at the edges of the coverage or the edge gain. The minimum peak 

antenna gain which will provide a given edge gain depends on the wavelength and 

can be derived for circular apertures from Figure 5.2, which is repeated from 

Reference 3. The maximum angular extent of Canadian coverage may be taken as 

8°  (including pointing errors). 

From Figure 5.2 it can be seen that the maximum value of edge gain 

for 8°  coverage will be 23.5 dB, which will be obtained with an antenna of 9.5 

wavelengths diameter. At 300 MHz, however, this is 390 inches diameter, and 

is not feasible within the launch limitations. The gain available from a 130" 

diameter dish at 300 MHz is 18.3 dB peak or 17.5 dB at the edge of 8°  cover. 

At 2.5 GHz the situation is different. The 9.5 wavelength diameter is only 

44.6 inches, and can be easily accommodated within the available volume. If 

a 130 inch deployable dish for 300 MHz is used, the central portion of the 

dish only, can be illuminated at 2.5 GHz. Thus, we can readily obtain the 

23.5 dB edge gain at 2.5 GHz. 

In practice with scope for larger aperture dimensions at 2.5 GHz, we 

would modify this slightly by using an elliptical (4
0 
 x 8° ) beam, narrower in 

the north-south direction than in the east-west, to maintain a constant edge 
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gain around an elliptical contour approximating Canadian coverage. This beam 

would have a gain about 3 dB higher than the circular beam, i.e. a 26.5 dB edge 

gain. 

That is, by using a 130 inch diameter deployable antenna of the type 

shown in Figure 5.1, edge gains of 17.5 dB at 300 MHz and of 26.5 dB at 2.5 GHz 

would be available. 

5.2.3 Mechanical Design and Deployment  

The antenna is an umbrella type deployable parabolic antenna, with a 

mesh surface, similar to those constructed by RCA Corporation for the Apollo 

lunar surface missions. The deployment method proposed for the present application 

is illustrated in Figure 5.1 and in Figure 5.3. These figures are identical to 

those in Reference 3 except for the size of the antenna itself. It may be noted 

that a double fold scheme of the same general type can also be used with a slight 

weight penalty. 

5.2.4 Feed System  

The antenna must be fed by a two frequency feed, producing illumination 

of the whole surface at 300 MHz, and of a central elliptical region 45 inches by 

90 inches at 2.5 GHz. It might be possible to design a broad band feed covering 

the whole 8.3 to 1 frequency band separating these frequencies. However, it is 

simpler and equally effective to use a compound feed having the same phase centre 

at the two frequencies. 

It is necessary that circular polarization be used at 300 MHz, because 

Faraday rotation in the ionosphere at this frequency is excessive. At 2.5 GHz 

it is possible to use linear polarization, since the maximum Faraday rotation 
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expected at this frequency is about 25 degrees at sunspot maximum, in daytime, 

at the most susceptible location. Expected rotations at other times and places 

are substantially less. 

The simplest form of dual frequency feed would be a linearly polarized 

horn at 2.5  GHz  surrounded by crossed dipoles, with reflector and director 

elements (Figure 5.4). These elements would have to be deployed in space after 

the parabola was open. The horn and the dipoles would be supported on a central 

post along the axis of the parabola. An alternative method would be to use a 

helix as the 300  MHz  feed surrounding the horn, with radial rods as a ground 

plan (Figure 5.5). 

be negligible. The 

by having them bent 

released only at or 

The blockage presented by these elements at 2.5 GHz would 

radial rods would be flexible and would be made self erecting, 

toward the axis of the antenna prior to erection, being 

after erection of the antenna. 

There would be no significant difference in weight in the two approaches. 

5.2.5 Weight  

The basic weight of the 130 inch deployable antenna is estimated from 

the curve of Figure 5.6 which is based on information from RCA Corporation and 

Hughes Aircraft. A figure of 18 lbs. is obtained, including allowance for a 

conventional feed. To this are added estimates for the weight Of the supporting 

column, etc., as follows: 

Basic Antenna 

Deployment Mechanism 

Support Column 

Attachment Collar 

Additional allowance for 
added feed complexity 

Total Estimated Weight 	42.0 lbs. 

18.0 lbs. 

4.0 

15.0 

3.0 

2.0 
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Figure 5.4—Two-bond feed with crossed dipoles 

Figure 5.5 —Two-bond feed with helix 
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5.2.6 Transmission System Losses  

The losses encountered in the transmission line and in the rotary 

joints must be subtracted from the antenna gains quoted here to give net antenna 

gain referred to the transponder. Estimated losses for the rotary joint are 

0.3 dB at 2.5 GHz and 1 dB at 300 MHz. To these must be added 0.3 dB for line 

losses at 2.5 GHz and 0.8 dB for losses in the transmission line, and power 

splitter and phaser (for circular polarization) at 300 MHz. 

Thus the net antenna gains for the deployable antenna on the dual 

spin satellite are 15.7 dB at 300 MHz and 25.9 dB at 2.5 GHz. These are edge 

of cover gains with allowance made for pointing errors. 



R.F. Frequency 

Receiver Noise Figure 

Modulation 

Encoding 

Antenna 

Reliability 

Weight 

Power 

T.B.D. 

< 10 dB 

PM 

PCM/FSK/AM 

Omni 

0.960 8 yrs. 

9.8 lbs. 

3.6 watts 
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6. Spacecraft Subsystems  (Non  Payload)  

6.1 Introduction  

This section gives the performance level specifications of the "bus" 

subsystem of the various configurations. These data are drawn from Reference 3 

and updated for those factors considered mission peculiar. In addition, where 

pertinent an explanatory paragraph has been added outlining design features, 

areas of difficulty, etc. 

6.2 Telemetry and Command  

Table 6.1  

Telemetry Specifications  

R.F. Frequency 	 T.B.D. 

EIRP 	 OdBW 

Modulation 	 PM 

Encoding System 	 PCM 

Tracking 	 By Residual Carrier 

Antenna 	 Omni 

Reliability 	 0.945 8 yrs. 

Weight 	 13.9 lbs. 

Power 	 18 watts sunlight 
10 watts eclipse 

Table 6.2  

Command Specifications  
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There is no major problem in this subsystem. There are three options 

in the choice of operating frequencies. If permanent assignments can be obtained 

in the Stadan bands, several potential advantages are available. 

Standard hardware 

World-wide tracking available 

Frequencies compatible with 2.5 GHz communications hardware 
but separable by simple filters 

If frequency assignments are not available, it would be proposed to redevelop 

standard units to operate in the upper communications band. This would introduce 

tracking problems. Operation at lower bands is also possible but offers 

additional difficulties including those of tracking. 

If required, the telemetry frequency could be developed from a common 

source with the communications local oscillator and thus provide a reference 

frequency. Other options could include bringing telemetry down through the 

communications antenna when operations are normal. However this requires 

automatic change over or blind commands when antenna is not properly oriented. 

A separate omni antenna probably on the despun section is preferred. 

6.3 Attitude Determination and Despin  

Table 6.3  

AD&D Specifications  

Beam Pointing 	 ± 0.5°N-S (3o) 
0.5°E-W (30) 

Spin Rate 	 75 - 100 rpm 

Acquisition Time 	 < 15 minutes 

Sensing 	 Earth & Sun Sensors 

Reliability 	 0.920 

Weight 	 40 lbs. 

Power 	 13.8 watts 
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The techniques of this subsystem are straight forward. Prime 

development effort would be in relation to the bearings and motor suitable to 

take the antenna loads. It is considered that the erectable antenna shows 

some advantage in that the C.G. of the despun hardware is moderately low and 

some of the forces can be taken through suitable mechanical restraints. 

The rotary joint is a design problem, at least at the lower frequency. 

If a suitable coaxial design cannot be achieved (possibly due to choke dimensions) 

a rotary transformer approach appears feasible. 

6.4 Power  

No particular difficulties have been identified with this subsystem 

which is summarized here. 

6.4.1 Dual Spin  

Table 6.4  

Power Specifications - Dual Spin  

Solar Cell Array  

Type 	 Body Mounted 

Power E.O.L. 	 360 watts 

Weight 	 110 lbs. 

Battery  

Number of batteries 	 2 

Cycles 	 90/year 

Max. Depth of Discharge 	60% 

Weight 	 68 lbs. 

Power Control  

Weight 	 30 lbs. 

Power 	 21 watts Sun 8 watts eclipse 

Reliability 	 0.950 
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There are relatively few apparent problems associated with this body 

mounted array or the other power units. The design uses most but not all of 

the fairing straight section (in an effort to keep the spacecraft CG low). 

Thus the design can be readily adapted to increase power by about 25 watts. 

Additional power could be obtained by allowing the array to extend below the 

separation plane provided no interference develops with the marmon clamp or 

with apogee motor arming. 

This type of array of course suffers by the fact that only 1/71 

of the total cells are illuminated at a given instant. The power relative 

to an oriented array is not dawn by the same ratio because of the rotisserie 

effect wherein the cells of the spinner are operating at a lower mean temperature 

and thus more efficiently. The simplest body mounted array (without panels, etc.) 

ultimately simply runs out of fairing space and this is nominally the limiting 

factor rather than the cost of the "extra" cells. 

Power conditioning will probably favour constant power, switching type 

regulators rather than short series dissipative techniques. This is closely 

related to the nature of the variable load with lifetime and operating 

characteristics, and the resulting thermal problems. 
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6.5 Electrical Distribution  

This is not a true subsystem - but rather a collection of 

units generally associated with power distribution and control. For 

different manufacturers and configurations the exact units involved 

vary considerably. Typically, units which may be found in the sub- 

system are the harness (es), power switching, system power conditioning, 

and often the command decoding. The subsystem is highly related to the 

overall spacecraft integration task and includes areas such as grounding 

techniques and electrical interference control. 

No particular problems have been identified for this mission. 

6.6 Positioning and Orientation  

Table 6.5  

P & 0 Specification - Spin Stabilized  

Parameter 	 Value  

Fuel 	 Monopropellant Hydrazine 

No. of Tanks 	 4 

Thrust Level 	 5 lbs. 

Axial Thruster 	 Pulsed - Attitude Control 
Continuous-N.S. Inclination correction 

Radial Thruster 	 Pulsed - E.W. Station Keeping 

Dry Weight 	 24 lbs. 

Fuel Weight 	 150 lbs. 

Reliability 	 .970 

Power 	 .5 watts sunlight 
.5 watts eclipse 
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In general this subsystem should be made up of flight proven 

components in order to achieve high reliability. Electrical thrusters are 

not considered as adequately proven at this time - at least for extended 

lifetime missions. 

This mission requires large tankage including reserve capacity to 

permit fueling up to zero contingency at time of launch. It may be noted that 

the three sigma booster dispersion components of the fuel load typically can 

provide up to 18 months of station keeping if the launch is perfect. Thus a 

flexible and adaptive mission plan for the system is highly desirable. 

No major problems are anticipated in the subsystem. 

6.7 Thermal  

This is a recognized problem area. The budgetary allocations are 

based on passive control plus the use of switchable solar array shunts. If 

full active control (shutters, etc.) should be required, additional weight 

allocation will be required. 

The problems are associated with the varying heat source locations 

which result from the varying transponder configurations at constant power, the 

full use of spacecraft power resources over the lifetime as the solar cells 

degrade i.e. varying total power load. 

It is anticipated that the thermal effects of switching of com-

munications configurations can be alleviated by careful layout of units including 

such techniques as complementary units sharing heat sinks, balancing of 

efficiencies, etc. Similarly units most likely to be employed in early life 

(high power utilization) but not later would have to be examined carefully. 
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It is clear that the spacecraft will show a wider range of temperature than 

usual and thus designs will have to be carefully examined for thermal sensitivity. 

It is likely that heat pipe and/or active thermal control techniques will be 

required. 

6.8 Structure  

There are no apparent major design problems. Other than the usual 

requirement for minimum weight, attention will have to be given to stiffness 

because of stability of the launch vehicle/spacecraft combination. It is 

anticipated that a midships deck carrying most of the mass well outboard will 

be required in order to achieve stability of the spinning configuration. The 

thrust tube will have to be of large diameter because of the large apogee kick 

motor and a high center of gravity. The large drum and heavy equipment platform 

and support will require careful attention in design. 

6.9 Apogee Motor  

There are no apparent problems in this subsystem. It is assumed that 

an extended case on the Thiokol TE364-4 motor would be appropriate. It may be 

that at the time of implementation an AK motor matched to the 1890 lbs. Thor 

Delta will be available. 

6.10 General  

Consideration will have to be given to the spin problem in the dual 

spin configuration. The large diameter of the spacecraft will produce high "g" 

forces at normal spin rates. High spin rates are desirable to produce stiffness 

in spacecraft attitude. It may be necessary to add rockets to the spin table 

or alternatively to position thrusters so as to permit spacecraft spin up after 
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separation. It may be noted that the sensor information for attitude 

determination is sensitive to spin rate, becoming more accurate as the rate 

increases. 
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7. Spacecraft Summary Specification  

This section provides the basic budgets as well as spacecraft summary 

specifications and a sketch of the general configuration for the spacecraft. 

Figure 71 shows the dual-spin configuration concept, while Tables 7.1 and 7.2 

give the spacecraft basic specification and weight budgets respectively. 

Table 7.3 gives the traffic summary for various operational phases. 

Table 7.1  

Spacecraft Characteristics  
Spin Stabilized Configuration  

Diameter: 86" 	Height: 157.5"/227.5" 

1820 lbs. in transfer; Initial on orbit 963 lbs.; End of Life: 813 lbs. 

Dual Band Transponder 

Canadian Coverage 

Power: 360 Watts E.O.L. (S.S.); Eclipse: 243 Watts 

8-Year Life 

Table 7.2  

Dual Spin Spacecraft - 8 Year Life  

Launch Capability 28.3°  Inclination 	1890 	lbs. 

Attach Fitting 	 70 

Apogee Motor Fuel 	 857 

Initial on-orbit fueled spacecraft 	963 

'Bus' Weight 	 796 

Payload Available 	 167 

Transponder 	 90 

Antenna 	 42 

Design Margin 	 35 

Power E.O.L. - 360 Watts Eclipse 243 Watts 
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ReiniF_iaei!,,graaricohries  

Dualband-Dual Spin Spacecraft 

Figure 7.1 

Table 7.3  

Traffic Capability Channels  

300 MHz 	 2.5 GHz 

High Power 	Low Power 	Broadcast 	Low Power 

Single Satellite 	BOL 	 3 	 30 	 3 	 90 
Sun 

EOL, 	S.S. 	1 	 20 	 3 	 90 

Eclipse 	1 	 10 	 2 	 45 

Dual Satellite 	 Sun 	 3 	 50 	 3 	 90 

Eclipse 	3 	 30 	 3 	 90 
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8. Budgetary Program Cost-Space Segment  

In developing the budgetary estimates for the space segment of this 

system, a large number of assumptions have had to be made and some ground 

rules developed, the most important of which are discussed below. 

(a) The costs are based on available data adjusted for factors 

considered to be program peculiar. 

(b) The figures quoted are budgetary cost estimates including 

estimated profits and incentives. The latter factors are 

sensitive to the form of contracts and the contracting pattern, 

with the division between profits and an orbit incentives to be 

negotiated. As a rough order of magnitude the total of these 

have been estimated at 10%. 

(c) The estimates are based on a program which follows good 

commercial spacecraft practice procurements. In this regard 

it is assumed that the procurement is to a spacecraft performance 

specification and that prime contractor control is to that level. 

It is further assumed that no special financial or technical 

visibility .or reporting is required. 

(d) It is assumed that all the required technologies are available 

but that most subsystems require development to the extent 

that normal design reviews, breadboard and engineering models 

are required during the program. Thus, for example, the CTS 

technologies are considered as proven at the time of the program 

implementation but that no subsystem can be a direct reprocurement 

of an unmodified design. However, when appropriate the costs do 

reflect savings which result from off-the-shelf-units or devices 

where such savings commonly occur. 
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(e) The program is costed on the basis of a 30 month first launch 

ARO, with the second at an interval such as to phase with good 

continuity into the integration and test facility. The basic 

program consists of the appropriate models: mechanical - 

thermal and engineering all within the nonrecurrent costs. For 

economy it has been assumed that the prototype may be refurbished 

and tested to flight levels at additional cost to act as launch 

back up. The refurbishing and retest cost estimate on the 

prototype is shown separately in as much as they are discretionary 

and likely to be implemented only on a launch or early failure. 

(0 Cost estimates do not include duties, sales taxes or royalty 

payments. All figures are in Canadian dollars and do not permit 

unreasonable variations in exchange rates on units, subsystems 

or components likely to be of foreign origin. The estimates do 

not include launch costs or NASA services or customer program 

offices, etc. As guidance NASA charges are anticipated to be 

of the order of $10 M per launch. 

(g) While reasonable effort within the scope of this study has 

been made to develop accurate figures, the accuracy of the 

forecasts of costs, inflation and influence of other programs 

is such as to make these estimates liable to error. Within 

these constraints and limitations it is felt that the overall 

accuracy is about 10% to 20%. It is anticipated that the former 

is generally applicable to the total space segment costs, while 

the latter is more likely to apply to individual subsystem or 

phase costs. 



TOTAL 27.4 	 6.60 	47.2 
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Table 8.1 gives the cost estimates for the dual spin dual frequency concept. 

For comparison purposes these budgetary costs may be compared with data 

recently published by Comsat and reproduced here as Figure 8.1. It is not 

known in detail how these numbers are built up, e.g. how profits are 

incorporated, if at all; apogee motor costs, etc. Their data are in general 

agreement with similar analyses by RCA Limited. 

Table 8.1  

Budgetary Costs Space Segment - 3 Flight S/C - First Launch 30 Months ARO ($ Million)  

Non 	 Unit 
Recurrent  Prototype  Flight  Total Notes  

Systems & S.S. Eng. 	 1.2 	0.5 	0.25 	2.45 

Communications 	 3.5 	2.1 	1.7 	10.7 Dual-Band Multifunction 

Antennas 	 1.2 	0.2 	0.15 	1.85 

TT Command 	 0.5 	0.4 	0.3 	1.8 

AD & Despun 	 1.85 	1.0 	0.8 	5.25 Includes Rotary Coupler 

Power 	 1.0 	0.9 	0.75 	4.15 

Elect. Dist. 	 0.3 	0.15 	0.1 	0.75 

Position and Orientation 	 1.5 	0.35 	0.3 	2.75 

Thermal 	 0.75 	0.2 	0.15 	1.4 

Apogee Motor 	 0.65 	0.2 	0.15 	1.3 

Structure 	 1.0 	0.3 	0.3 	2.2 

Integration and Test 	 0.4 	1.5 	1.0 	4.9 

Ground Support 	 2.75 	- 	- 	2.75 

Management 	 2.5 	0.5 	0.5 	4.5 

Range Ops 	 - 	- 	0.15 	0.45 

Subtotal 	19.1 	8.3 

Profits & Incentives 	 4.72 

TOTAL 	 51.92 Dual Spin Configuration 

By Comsat & Curves 	 27.5 	 6.71 
(See Figure 8.1) 	  

Option - Refurbish Prototype 	 1.00 
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Figure 8:1 - Satellite Cost vs. Satellite Mass 

From Comsat Technical Review 
Volume 2, Number 1 Spring 1972 
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9. Earth Segment Analysis  

An essential characteristic of the system is that it be capable of 

operation with small ground stations. General guidelines for the ground stations. 

are given in chapter 2. These were based on preliminary analysis carried out 

during the conceptual planning phase of the system. Subsequent analyses 

examined the feasibility of ground stations meeting theee guidelines and 

determined the communications parameters of the system. For details of the 

analyses, the reader is referred to references 3 and 4. In this summary, 

pertinent data are abstracted from the references in tabular form. 

9.1 2.5 GHz Calculations  

Two basic types of channels are required at 2.5 GHz. One type are 

channels for voice telephony, which could also be used for other services 

normally provided via telephone quality circuits. The second type are channels 

for radio programs of a quality suitable for re-broadcasting. Tables 9.1 and 

9.2 summarize the quality, system parameters, and link calculations. 

In the interests of conserving use of the prime power resources of the 

satellite various techniques which are generally implemented through earth station 

features are used to reduce the e.i.r.p. required per voice channel. Access of 

the transponders is single channel per carrier, with the carrier being voice 

activated. Multiple access is by frequency division. Pre-emphasis and companding 

are used to provide signal-to-noise improvement and hence improved utilization of 

carrier power. In combination with these, frequency modulation has been shown 

to be one of the most efficient modulation techniques and has been selected. 

A threshold extension demodulator has been included to reduce the C/N requirements. 

Methods recommended to improve intermodulation performance are voice activation 

and unequal spacing of carriers in a larger than minimum requirement total 

bandwidth. These are fully discussed in chapter 2, Volume III, of reference3. 
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Table 9.1  

System Parameters at 2.5 GHz  

Telephone 	Program  

Noise Specification 	 10,000 pWp0 	(S/N)rms = 53 dB 

Voice Baseband (Hz) 	 300 - 3400 	 100 - 8000 

Emphasis Improvement at Nominal Performance (dB) 	8 

Expander Improvement at Nominal Performance (dB) 	8.5 

Program Channel Improvement (dB) 	 - 	 2.9 

Propagation Margins for at Least 99.7% of Time (dB) 	2.5 	 2.5 

Demodulator Threshold C/N (dB) 	 6.0 

Threshold Margin for at Least 99.7% of Time (dB) 	1.5 	 1.5 

Carrier to Noise Ratio at Nominal Noise Budget (dB) 	10 	 10 

Per Channel Carson's Bandwidth  (kHz) 	 19.8 	 252 

Earth Station Antenna Gain (dB) 	 28.5 	 30.5 

Earth Station Antenna Size (ft) 	 4.5 	 5.5 

Receiving System Losses (dB) 	 .5 	 .5 

Net Gain (dB) 	 28 	 30 

Earth Station G/T (dB/ °K) 	 3.5 	 5.5 



Uplink  Telephone 	Program  

10:4 

16.4 

11.7 

-173.9 

3.5 

192.8 

15.4 

-162.9 
o 

5.5 

25 
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Table 9.2  

Link Calculations at 2.5 GHz  

Satellite Rx Noise Temp. (°K) 	 380 	Same 

Satellite Antenna Net Gain (dB) 	 25.9 

Satellite G/T (dB/ °K) 	 0.1 

Required C/N at Satellite Rx Input (dB) 	 20.4 

Channel Bandwidth (kHz) 	 19.8 	252 

Uplink C/T (dBw/°K) 	 -165.3 

Path Loss (dB) 	 193.5 

Uplink e.i.r.p. (dBw/channel) 	 28.1 

Earth Station Antenna Gain (dB) 	 28 

Minimum Transmitter Power (dBw/channel) 	 0.1 

Propagation Margin 99.97% (dB) 	 4.5 

Maximum Transmitter Power (dBw/channel) 	 4.6 

Power Control Margin (dB) 	 0.5 

Required Transmitter Power Range (dBw/channel) 	0.6-5.1 

Nomimal Transmitter Size (watts/channel) 	 5 

Downlink  

Required C/N at Ground Station Rx (dB) 

Intermodulation C/N (dB) 

Downlink C/N (dB) 

Downlink C/T (dBw/ K) 

Ground Station G/T (dB/ °K) 

Path Loss (dB) 

Per Channel e.i.r.p. (dBw) 
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Other features of the earth station design include active uplink e.i.r.p. control 

to equalize the levels of the carriers passing through the transponder in the 

face of propagation induced signal fading. A fully automatic variable source, 

variable destination demand assignment system employing a digitally controlled 

frequency synthesizer is also included. A suitable demand assignment system has 

been designed and a prototype constructed at the Communications Research Centre 

for experimental purposes and is described in Annex A of this appendix. 

9.2 400 MHz Calculations  

System analysis for a wide variety of communications requirements, 

ranging from voice to data at various rates, both clear and secure, have been 

carried out at the Communications Research Centre for the Department of National 

Defence. As might be expected, a wide range of e.i.r.p. t s (per channel) are 

necessary to provide such a variety of services. It is not practical, of course, 

from the point of view of implementation, to provide many different kinds of 

channels. However, 2 universal channels can be chosen to support a wide range 

of communications activities. These are channels with e.i.r.p.'s of 18 dBw and 

28 dBw. Parameters and calculations for clear voice to transportable terminals, 

considered representative of the largest application, and to aircraft mobile 

terminals, considered representative of the most difficult practical application, 

are summarized in tables 9.3 and 9.4. These show that such channels are more than 

adequate to support such communications. 

9.3 Earth Seement Implementation  

The design of a station suitable for fixed installation is considered 

in volume III of reference 3 for purposes of demonstrating technical feasibility 

and estimating costs. It should be considered as a representative design only to 

illustrate that major subsystem parameters and requirements can be taken into account. 



Table 9.3  

System Parameters at 300 - 400 MHz  

Transportable 	Mobile  

Articulation Index, 97% 	 .6 	 .6 

Voice Baseband (Hz) 	 300 - 3400 	300 - 3000 

Propagation Margin for 95% (dB) 	 6.4 	 6.9 

Margin for Antenna Losses (ellipticity, alignment) (dB) 	0.6 	 0.1 

Earth Station Antenna Gain (dB) 	 13 	 0 

Receiving System Losses (dB) 	 1.1 	 0.7 

Net Gain (dB) 	 11.9 	 -0.7 

Effective Receiver Noise Temperature (°K) 	 173 	 173 

Estimated System Noise Temperature (°K) 	 434 	 401 

Estimated Earth Station G/T (dB/°K) 	 -14.6 	 -26.7 
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Table 9.4  

Link Calculations at 300 - 400 MHz  

Uplink 	 Transportable 	Mobile  

Satellite Rx Noise Temp. ( °K) 	 726 	Same 

Satellite Antenna Net Gain (dB) 	 16 

Satellite G/T (dB/°K) 	 -12.6 

Required C/N at Satellite Rx Input (dB) 	 20 

Channel Bandwidth (kHz) 	 20 

Uplink C/T (dBw/°K) 	 -165.6 

Path Loss (dB) 	 174.5 

Anteüna and Propagation Margin (dB) 	 7 

Uplink e.i.r.p. (dBw) 	 28.5 

Earth Station Antenna Net Gain (dB) 	 11.9 	-0.7 

Required Transmitter Power (dBw) 	 16.6 	29.2 

(Watts) 	 45.5 	831 

Downlink  

Demodulator Threshold C/N (dB) 	 6 

Signal Bandwith (kHz) 	 10 

Earth Station G/T (dB/ °K) 	 -14.6 	-26.7 

Path Loss (dB) 	 174.5 

Propagation Margin (dB) 	 7 

Signal to Intermodulation Noise (dB) 	 12 

Satellite Output Carrier to Noise Ratio (dB) 	 11.37 

e.i.r.p. Per Channel (dBw) 	 15.9 	 28.7 (single 
carrier) 
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Since the design presented is considered to be somewhat more complex than 

required, it is probable 	that a final design may be lower in cost 

from that calculated here. A summary of the antenna and radio equipment design 

described in reference 3 is given in the sections which follow. 

9.3.1 Antenna System 

G/T requirements for both fixed and transportable stations, as given 

in the tables 9.1 and 9.3, are reproduced in table 9.5, along with other 

parameters pertinent to the antenna system design. 

9.3.2 Radio Equipment  

The most complex of the stations will be described here. This is the 

2.5 GHz fixed station providing two way telephony. Other stations, such as 

transportable stations, do not feature some of techniques employed in the fixed 

station, (such as uplink e.i.r.p. control) and thus are generally less complex 

electronically. 

Figure 9.1 shows a simplified block diagram of the earth station. 

The major subsystems are described in the sections which follow. The station is 

operationally unattended and is fully automatic. All electronic subsystems are 

also fully redundant. Control is by a combination of local (in station) and 

remote (from Network Control Stations) control signals. 

9.3.3 Transmit Path  

Two independent transmitters are required. They provide the following 

functions: 

a. Transmit one voice channel on carrier fi  while the second 

transmitter is auto-standby. 

b. Transmit two voice channels on two RF carriers. 
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Table 9.5  

Antenna System Parameters  

2.5 GHz Stations 	300 - 400 MHz Stations  

Telephony 	Radio Program  Transportable 	Mobile  

G/T (dB/°K) 	 3.5 	 5.5 	 -14.6 	-26.7 

System Noise Temp. (K)* 	233 	 233 	 434 	 401 

(expressed in dB) 	24 	 24 	 26.4 	 26.0 

Required Antenna Gain (dB) 	27.5 	 29.5 	 11.8 	 -0.7 

Antenna Type 	 Paraboloid Paraboloid 	 helix 	 blade 

Size (ft)** 	 4.5 (dia) 	5.5 (dia) 	6 to 7 (length) 

* Noise temperatures have been derived as indicated in Table 9.6 

** Assumingeel dB allowance for gain margins and 55% efficiency 

Table 9.6  

System Noise Temperatures  

2.5 GHz  300 MHz  

Transportable 	Mobile  

Rx Front End and Following Stages (°K) 

Sky and Galactic (°K) 

Earth Contribution (°K) 

Losses (dB) 

Contribution from Losses (°K) 

Total System Noise (°K) 

	

90 	 173 	 173 

	

25 	 105 	 67 

	

100 	 150 	 150 

.5 	 1.1 	.7 

	

32 	 64 	 43 

	

233 	 434 	 401 
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c. Transmit a 2 phase PSK modulated RF carrier on transmitter 1, 

with transmitter two in auto-standby. 

d. Transmit mixed traffic i.e. one transmitter for voice traffic, 

while the other is operating in the PSK mode. 

The only major difference between FM and PSK mode is the use of an FM 

modulator for FM analog input and PSK modulator for digital input. The wanted 

transmission mode is selected by a switch at the first upconverter input which 

selects either the FM or the PSK modulator. 

Speech enters into the compressor and the signal is amplified, left 

unchanged or clipped depending on its input power level. After the compressor the 

signal in the "main" path is delayed for 50 milliseconds, while the voice level is 

being measured in the "secondary" path by a voice detector. The voice detector 

turns on or turns off the local oscillator of the first upconverter, depending on 

the presence or absence of voice power. 

The 50 msec. delay in the main path is necessary to ensure that the 

leading edge of the voice is transmitted without distortion. 

The pre-emphasized voice signal then FM modulates carrier. 

The first IF frequency is chosen in the 5 to 10 MHz frequency range with 

a required bandwidth of approximately 25 KHz. 

The modulator output frequency is controlled by automatic frequency 

control in a phase-lock loop to meet the frequency stability requirements. The 

reference signal to the AFC is provided by the frequency synthesizer. 
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The first IF carrier is upconverted to the second IF frequency in the 

first upconverter. 

The local oscillator to this upconverter is obtained from the synthesizer. 

The synthesizer frequency is selected by command from the Network Control. 

A second upconverter with a voltage controlled oscillator translates the 

IF frequency to the final transmit frequency band centered at 2658 MHz from Earth 

to Satellite. 

The RF output frequency band then becomes 2658 ± 3 MHz. The control voltage 

to this VCO is derived from the AFC reference carrier, transmitted from the Network 

Control Station. 

After the second upconverter, the signal is amplified in a transistor 

power amplifier, operating at some output backoff. The backoff is necessary to 

enable the automatic EIRP control function by a pin diode leveller loop located at 

the input to the final power amplifier. 

The control signal to the leveller is a composite signal, one of the inputs 

provides the voltage for levelling and is derived from the beacon carrier received 

from the satellite. The other input to the control signal is a local reference 

voltage which prevents the increase of the output power over a maximum permissible 

level, if the automatic level control fails. The power amplifier output is combined 

to a 3dB hybrid which feeds the antenna orthocoupler. 

To minimize required satellite EIRP, the carrier is voice activated. A 

voice detector monitors the speech power level at the compressor output. With no 

voice input, the voice detector activates a switch which turns off the carrier 

by removing the synthesizer from the first upconverter, and turns on the carrier 

when the voice power is above a present minimum level. To prevent the distortion 

at the leading edge of the voice a 50 msec. delay is introduced in the main voice 

channel path which ensures that the carrier is already turned on when the voice power 

arrives to the FM modulator input. 
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9.3.4 Frequency Synthesizer  

This unit generates a frequency from a pool of approximately 260 

available frequencies. The frequency selection is done by command from the Control 

Station. For a given duplex voice transmission there is a constant frequency 

difference between transmit and receive frequency as seen by the same station. 

The same synthesizer frequency can be thus used in the first upconverter and the 

second downconverter. The synthesizer provides additional fixed frequencies 

required in the Station. 

9.3.5 Earth Station Receiver  

The receiver consists of a redundant wideband receivers and individual 

receivers to provide the required outputs. 

9.3.6 Common Wideband Receiver - 

Assuming a frequency translation in the satellite from 2665 ± 10 MHz 

to 2510 ± 10 MHz the full receive band in the 2510 ± 10 MHz band is received through 

an orthocoupler, then a bandpass filter, to provide the necessary isolation from the 

transmit band. A wideband downconverter converts the received carrier band to the 

first IF frequency which will be chosen around 110 MHz. The local oscillator for 

this mixer is a VCO, which performs AFC control. This is done using a reference 

carrier, transmitted from the Control Station in the center of the frequency band. 

At each Station this carrier is selected and compared with a local reference frequency 

generated by the station's own synthesizer. An error voltage is developed and this 

is used to control the VCO frequency and provide spectrum centering after the first 

wideband downconverter which also provides gain at the IF frequency. The output is 

split four ways to individual receivers. 
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9.3.7 Voice and PSK Receivers  

Ports one and two of the IF divider are connected to two identical 

receivers. They can be used to receive a voice channel with the second receiver 

in standby, or they both receive voice traffic simultaneously. One receiver 

consists of a second downconverter which receives its local oscillator sequence 

from the synthesizer. This way the wanted carrier is separated from all other 

carriers. Following this module a splitter which routes the selected carrier to 

an FM receiver and PSK receiver to allow the Network control station control over 

a station at all times. The FM voice carrier then enters into the third down-

converter with a VCO as a local oscillator. The final demodulator is a threshold 

extender type, which is specifically designed for single votes  channel. It is 

expected that 6 dB (C/N) threshold can be achieved for a single channel demodulator. 

The demodulated output is de-emphasisized and, after the final expandor, is avail-

able to the telephony baseband interface. 

In PSK Mode after the second downconverter the PSK modulated carrier is 

routed directly to a PSK demodulator. The output of the 2 phase PSK demodulator 

which is a regenerative type of demodulator is in serial digital form. 

9.3.8 AFC Reference Receiver  

This consists of a second downconverter with a fixed frequency local 

oscillator which selects the AFC reference carrier. The downconverter output is 

amplified and compared in frequency with a locally generated reference frequency. 

The error voltage of the comparator is then connected to the VCO of the wideband 

receiver downconverter. A second AFC receiver is provided for standby. 
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9.3.9 EIRP Control Receiver  

This receiver consists of a second downconverter with a fixed local 

oscillator which selects the EIRP control carrier. This carrier is amplified and 

its power level is compared with a reference power. From this an error voltage 

is derived which corresponds to uplink degradation only. It is used to control 

the EIRP of the transmitter. A second EIRP control receiver is provided for standby. 

9.3.10 Logic, Control, Alarm  

Beside the signalling, interrogation, and frequency selection functions, 

these units provide all secondary functions such as station status monitor, standby 

switching, alarm, periodic checks, etc.  Ail  these functions are performed in 

conjunction with the Network Control Station. 
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9.4 Ground Station Availability  

The proposed system is designed for continuous operation with a minimum 

of downtime. This is achieved through the use of conservatively designed long-life 

components with extensive employment of redundancy. 

Quantitative availability and reliability data are presented on each 

subsystem and major item of equipment. Station availability and mean-time-between-

failure values are given in respect of a single antenna system operating on a 

continuous duty basis to a geostationary satellite. 

Associated with each unit mean-time-between-failures (4TBF) value, is a 

mean time to repair (MTTR). With respect to individual units, MTBF, and MTTR values and 

unit availabilities are presented in Table 9.7. 

The MTBF values quoted for all subsystems and major items of equipment have 

been derived from figures for similar types of equipment used in larger earth 

stations. The figures result from actual field use or calculations in accordance 

with MIL - 217A. The failure rate values quoted are derived from these MTBF values. 

It is generally agreed that calculation of MTBF's by the method described in MIL - 217A 

results in conservative values. These values are normally well exceeded with good 

commercial equipment operation. 

9.4.1 Design Life  

Special consideration has been given to non-redundant equipments in the 

earth station to assure that the overall station availability objective will be 

achieved. The availability block diagram is shown in Figure 9.1 and it can be 

seen that the major non-redundant components are the antenna and feed. 

For the mode of operation with a geostationary satellite the antenna is 

a fixed mechanical structure with no moving parts. The MTBF of this structure is 

predicted to be at least double the value for a large antenna which has bearings, 

gear boxes and rotating assemblies to consider. Calculations for these large (98 ft.) 
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Table 9.7  

Availability Budget  

Reliability and 	 MTBF 	 MTTR 

Availability Budget 	 Hours 	 Hours 	Avail.  

Antenna 	 5.0 x 10
6 
	 10 	 .999997 

6 
Feed 	 1.7 x 10 	 2 	 .999996 

Paramp 	 20,000 	 2 	 .99990 

Downconverter 	 21,800 	 2 	 .99991 

Demodulator 	 16,000 	 2 	 .99987 

Commercial Power 	 1.00000 

Synthesizer 	 15,000 	 2 	 .99987 

Cabling and Logic 	 15,000 	 4 	 .9997 

Exciter Chain 	 10,000 	 2 	 .99980 

Power Amplifier 	 20,000 	 2 	 .99990 

PSK Modem 	 15,000 	 2 	 .99987 

Energy Dispersal & Spectrum 	20,000 	 4 	 .9999 

Centering 
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antennas indicate an MTBF of 2.5 x 106 hours so it should be reasonable to assume 

5 x 10
6 

hours for the fixed smaller antenna. The antenna has been designed to 

withstand the extreme environmental conditions which will exist at the sites. 

The antenna feed is composed entirely of passive components and 

consequently has a very high availability also. 

Special emphasis has been given throughout the design of the proposed 

station to achieving a conservatively rated design life of 15 years and all operating 

electronic equipment is solid-state for maximum reliability and life. This includes 

a solid-state pump for the parametric amplifier. 

9.4.2 Derivation of  Availability  and  Reliability Functions 

Definition of Availability  

In the present application, the "average" availability is required. This 

may be defined as the proportion of time the system is available over a relatively 

long period of time. 

Thus: 

Where A is the availability 

MTBF is the meantime between failures 

MTTR is the meantime to repair or restore 

Group Availabilities  

a) Units in series - the availability of the group is the product of the 

availabilities of the units. 

h) Units in parallel - for a group of n identical units in parallel, of 

which m are necessary for system survival, the group availability is given by: 

If the units are not identical, and there are two in parallel, having 

availabilities Al  and A2  respectively, the group availability is given by: 

A'=A +A -AA 1 	2 - 1 2 
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Definition of Reliability  

Station reliability may be defined as the probability that the station 

will perform its function satisfactorily for a stated time. 

For a given unit of the system, the failures may be assumed to be 

exponentially distributed, and the reliability of the unit may be expressed: 

R(t) = exp (- X 0 

Where A is the unit failure rate (reciprocal of MTBF) 

t is the time period 

Group Reliabilities  

a) Units in series - the reliability of the group is the product of the 

reliabilities of the units 

b) Units in parallel - for a group of n identical units in parallel, of 

which m are required for system survival, the group reliability is 

given by: 

If the units are not identical, and there are two in parallel having 

reliabilities R1 
and R2 respectively, 

the group reliability is given by: 

R' = R1 + R2 
- R1

R2 

System Mean-Time-Between-Failures (eBF)  

Although it is assumed that individual units have exponential failure 

distribution the systems under consideration, in which some of the units are redundant, 

will not have an exponential failure distribution and the statement 

R 	= exp (- X St) 

will not be true. This expression solved for 1/X S gives a fair approximation of 

the system MTBF only when the contribution of the redundant units to the system 

failure rate is unimportant compared with the contribution of the non-redundant units. 

To derive the MTBF of this station it is necessary to integrate the station or system 
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reliability function from zero to infinity. That is: 

MTBF
S  = 
	RS 

 (t) dt 

9.4.3 Calculation of Station Availability  

The earth station block diagram for operation with a geostationary 

satellite is shown in Figure 9.1. A redundant receive chain is required to meet 

the specified availability and also to provide a two channel capability. 

9.4.4 Availability Without Redundancy (I.E. Single Channel Capability)  

From the entries in Table 9.7, the availability can be calculated by 

taking the product of the availability of each subsystem. The result is 99.8% and 

this is considered inadequate. 

9.4.5 Availability With Redundancy  

a) Antenna 

h) Paramp Pair 

c) Downconverter & Demod Pair 

d) Synthesizer Pair 

e) Cabling and Logic 

f) Exciter & Power Amp Pair 

g) PSK Modem Pair 

h) Energy Dispersal, etc. 

TOTAL AVAILABILITY 

The availability with redundancy compares favourably with a telephony 

network and is thus considered adequate. To increase the availability beyond the 

calculated value will require special techniques, as equipment design has definite 

limitations. All items that can be made redundant have to have a fairly simple 
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fault indication - i.e. loss of signal or out of band noise for the receive chain 

and loss of signal on the transmit chain. To detect failure in the station logic is 

much more difficult and the traditional approach to provide automatic redundancy 

when failure is not easily detectable, is the majority vote system - three online 

systems with logic to select the majority vote. This was judged impractical in 

the present system. 

The mean time to repair (replace) assumes that spare modules are available 

for the non-redundant modules and that manual intervention to replace them is possible 

at each site. The failed redundant modules are replaced during routine maintenance 

and the assumption (compared to replacing a module whenever it fails) does not 

change the availability calculation if maintenance periods are shorter than the MTBF. 

Without routine maintenance the station MTBF is 10,000 hours. With 

routine maintenance and replacement of modules which appear marginal on test the 

MTBF will be greater. Assuming routine maintenance (and the fact that very 

conservative MTBF figures are used in the calculation) an MTBF of greater than 

15,000 hours would seem an achievable figure for the actual hardware. 

9.5 Costs  

The Earth Station was designed so that the different types of stations 

could utilize common modules and a baseline production run of 1000 seems reasonable, 

since the telephony stations have redundant modules. The manufacturing cost of the 

various modules can be estimated with an accuracy of approximately 10%. These are 

tabulated in Chapter 7 of Volume 3, Reference 3, and are not reproduced here. These 

tables of modules and costs can be used as a "shopping list" to cost designs which 

vary from the one described here. 
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9.5.1 Development Costs for the Fixed Earth Stations. 

cost in thousands  

General Communications Equipment 	 $1,090 

Antenna System 	 50 

System Engineering and Integration 	 75  

$1,215 

9.5.2 Integration Assembly and Test  

The estimated cost of integration material such as PC board connectors etc., 

and assembly time is $600 for the electronics package. It is envisaged that the 

electronics will be tested on a GO - NOGO basis on the production line and $150 is 

an adequate allocation for test setups prorated over the large quantity. 

9.5.3 Total Cost  

The cost of each desired type of station can be determined from the tables 

in Vol.3 ref. 3 which give module costs. The total cost for a two way telephony 

station is shown below. A mark up of 20%, judged representative for this type of 

industry, is included. The total then represents the break even costs. 

costs in dollars  

Module Manufacturing Cost 	 13,430 

Material Handling Applied at 10% 	 1,340 

Assembly and Test 	 750 

Markup Applied at 20% 	 3 , 100  

TOTAL 	 18,620 

Allowing an amount for contingencies, it is estimated that the ground 

stations could be produced in quantity for $25,000 after a development cost of about 

$1.2M. 
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ANNEX A 

A SINGLE HOP DEMAND ASSIGNMENT SCHEME USING 

FREQUENCY DIVISION MULTIPLE ACCESS 

b.Y 

R.J. Campbell and J.D. Lambert. 

Communications Research Centre, Department of Communications,  
P.O. Box 490, Station A, Ottawa, K1N 8T5, Canada. 

1. INTRODUCTION  

In a satellite communication system which provides voice 
communications to a large number of stations, a dedicated voice channel 
between each station is generally not economically feasible because of 
the great number of channels required. However, satisfactory communications 
can be provided with fewer voice channels than stations if each station 
does not require a voice channel full-time. Efficient multiple access 
usage of the transponder can be made when voice channels are assigned on 
a demand basis. 

In the past, the CRC demand assignment project has been 
involved mainly with frequency-division multiple-access demand-assignment 
(FDMA/DA) systems operating in a single-channel-per-carrier mode. -CRC has 
been concerned with systems which are controlled by a central station and 
where the remote stations signal randomly on the service channels because 
the channel assignment controllers in the remote stations are cheaper than 
those in other systems. 

The work has included the evaluation of several demand 
assignment algorithms (for example, queue lengths and percentage of 
calls lost or delayed) by means of software simulation. One of these 
algorfthms was chosen for implementation in a laboratory simulation of 
a thin-route telephone communications system linking communities in 
Northern Canada. This paper describes the algorithm and the additional 
sophistication required to adapt it for military use. 

2. SYSTEM DESCRIPTION  

a) General  
Section 2 describes a telephone system in which the 

communities have exchange offices. The same algorithm and assignment 
controller would allow transportable, portable, and Mobile stations 
to be included in the system (Figure 1). Access to the Trans-Canada 
telephone system is obtained through a central control station (CCS). 

Consider the case of several northern communities, which 
currently have only HF radio access to the terrestrial telephone system 
in the southern parts of Canada. Each community would have a satellite 
ground station. Within the community there would be a telephone network 
with an exchange office. The satellite station would be connected to 

• 
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Figure 1. Communication System Concept 
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the telephone exchange office by a trunk line. One satellite would 
provide communications to these communities and to a CCS situated some-
where in the heavily populated south where it would be linked to a tele-
phone toll office within the Trans-Canada telephone system. In this 
demand assignment system, all northern communities would have the same 
area code, but each community would have a unique exchange number. 

The satellite has a number of duplex voice channels and 
three simplex service channels: a request channel (REQ), an assignment 
channel (ASS), and a hang-up channel (HUP). The number of voice channels 
is less than the number of communities. The voice channels may be 
regarded as variable source and variable destination telephone trunk lines. 

Since channels REQ and HUP are common to all stations, there 
is the possibility of two remote stations transmitting at the same time 
and overlapping each other's message. This condition can be detected by 
the error-detecting code (EDC) and the probability of such occurances can 
be reduced by short request and hang-up messages on these channels. In 
order to achieve sufficienly short messages, all telephone signalling (i.e. 
multi- and single frequency tones and dial pulse) is converted to binary 
signalling by the assignment controller and transmitted by a standard 
FSK telephone data modem. The ASS channel is time-ordered by the CCS and 
no message overlap is possible. 

Eaéh remote satellite station has twofequency synthesizers 
which enable the stations to transmit and receive on any satellite 
transponder channel. The CCS has a number of frequency synthesizers 
and transceivers which depends on the number of north-south lines. It 
also has a minicomputer which performs the channel assignment and billing 
operàtions. 

h) North-to-North Call  

Two northern communities, A and B, and a central control 
station which controls the channel assignments and performs the billing 
are represented in Figures 2,3 and 4. A specific example of the 
signalling procedure for a north to north call is illustrated in these 
three figures. 

Subscriber A (SA), whose telephone number is 733-4620, wishes 
to call subscriber B (SB), whose telephone number is 248-5268. SA picks 
up his telephone and dials the digit 1 and SB's telephone number. The 
exchange office routes this long distance call to the remote station A (RSA) 
and transmits the following information to it: SB's telephone number; a 
digit generated by the exchange office which indicates whether or not the 
automatic number identification equipment was working; and the last four 
digits of SA's telephone number. It converts the complete sequence into 
a combination of binary and BCD numbers for future signalling and pro-
cessing. After RSA receives the last digit from the exchange office, it 
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sends a binary EDC encoded message to the CCS over the REQ channel usiig 
the FSK data modem.* 

RSA monitors its own signal, and if it is the same as that which 
was transmitted, RSA waits for an assignment from the CCS. The CCS 
receives the request, decodes it and sends an assignment message to RSB if 
a voice channel is available. RSB receives the assignment message, decodes 
it, switches its frequency synthesizers to the assigned voice channel, and 
sends a confirmation message to the CCS over the assigned voice channel. 
After the GCS receives a confirmation message from RSB, it sends the same 
assignment message to RSA. RSA receives the message, decodes it, switches 
its frequency synthesizers to the assigned voice channel, and transmits 
the remaining stored digits. RSA monitors this transmission to the CCS 
and RSB. The CCS  monitors a11the digits transmitted from RSA for billing 
purposes but RSB processes only the first four digits in order to place 
a call to SB. RSB signals back to RSA the condition of SB's line (i.e., 
ringing, busy, non-existant) using inband multifrequency (MF) tones. 

After the call has been completed and SA hangs up, RSA sends 
a hang-up signal to RSB (MF tones) and an EDC encoded end-of-call message 
to the CCS which carries out the billing for the call. 

c) North-to-South Calls  

The procedure involved in the north-to-south call iethe 
same as in the north-to-north call for the requesting remote station.** 
The procedure for the CCS is different but cannot be specified at this 
time because of the multitude of ways in which the interface between the 
CCS and the Trans-Canada telephone system can be implemented. Nevertheless, 
the CCS would carry out the appropriate signalling between itself and the 
Trans-Canada telephone equipment. This is a relatively simple and straight-
forward procedure once- the interface has been specified. 

d)South to-North Call  

The procedure involved in a south-to-north call is the 
same as in the north-to-north call for the requested remote station. The 
procedure in the CCS, once again, depends on the interface between it and 
the telephone system. The call would be routed by the Trans-Canada tele-
phone system to the CCS, which would carry out the appropriate signalling 
to route the call to the desired northern community. 

3. SATELLITE STATION CONFIGURATIONS  

When a community telephone system has access to the 
satellite communication system through a remote station, the assignment 
controller can be either a hardwired electronic package or a minicomputer 
(Figure 5). For a remote station with only one telephone or a manpack, 
the controller would probably be a hardwired electronic package (Figure 6). However 
it may be cost effective to remanufacture a minicomputer on an LSI chip 
which would allow the same equipment to be used for both cases. 

Except where indicated, all signalling is  donc  using FSK data modems. 
** An area code, of  course, must first be dialled by A and this 3 digit 

area code would replace the exchange number in the original request. 
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The CCS has essentially the same components as a remote 
station except that it has banks of data modems, FM modems, trans-
ceivers and frequency synthesizers. Its controller is a minicomputer. 

4. BILLING  

The channels are assigned independently of the telephone 
system by the CCS. Therefore, the CCS must perform all billing functions 
for north-to-north and north-to-south calls. It can also carry out billing 
for south-to-north calls with a suitable interface to the telephone system 
or this can be left up to the telephone system. 

The billing information can be produced by the CCS in a 
format compatible with the telephone companies' requirements in the 
Trans-Canada system. A magnetic tape or listing could be delivered to 
the companies periodically. 

5. MODIFICATIONS OF THE ALGORITHM 
FOR A MILITARY DEMAND ASSIGNMENT SYSTEM  

The algorithm described here serves civilian telephone 
communications needs and, with some additional sophistication, it can 
also serve the needs of a military SATCOM system. - 

In general, these modifications emphasize the need for 
tighter control of the net, more secure communications, and greater 
flexibility in the type of calls which can be placed. 

One of the most important modifications for a military 
system is the inclusion of a priority structure. It need not be too 
complex, but it is mandatory for communications within a hierarchical 
organization. A system may have three levels of priority for calls, 
for example, "ROUTINE", "COMMAND", and "EMERGENCY". The capability must 
exist for a caller with a higher priority level to pre-empt lower priority 
traffic. The pre-emption would be performed by the CCS, after which a 
normal assignment would take place for the higher priority call. 

The Military is interested in several other extensions to 
the civilian communications system which would adapt it for their use; 
for example, the ability to place broadcast calls in which many terminals 
are connected in a receive-only mode to one transmitting terminal,and the 
extension of this mode to a full multi-terminal conference mode. Since 
such a communications system must perform under a variety of degraded con-
ditions, the transfer of control from the CCS to a remote station on a 
temporary basis would be advantageous. The signalling channels should be 
immune to jamming and interference and alternative algorithms for assigning 
satellite resources will be looked at with this in mind. 

A number of these proposed changes will be implemented in 
future phases of the project. Both hardware and software simulation will 
be used. The results of the entire group of demand assignment experiments 
will eventually allow a more precise definition of the requirements for 
a future operational system. 
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6.CONCLUSIONS  

This demand assignment system has the potential of providing 
reliable telephone service to remote northern communities as well as 
serving the needs of a military SATCOM system. It is evident that such a 
satellite system will be attractive if the cost of the ground stations and 
controllers is reasonable. If the assignment controllers were sufficiently 
small and lightweight, such a system could easily include small survey 
parties and manpacks, thus giving them access to the Trans-Canada telephone 
system from anywhere in Canada. 
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APPENDIX 3 

SUMMARY OF THE SENSOR DATA RETRANSMISSION SUBSYSTEM STUDY 



INTRODUCTION 

This appendix describes the results of a study on the design and costing 

of a Data Retransmission Platform (DRP) for transmitting data from remote sensors 

via a satellite link. 

The study was carried out by RCA Limited of Montreal under Contract 

PZ36100-2-0632, Serial OPZ2-0146 with the Department of Communications. 

This is a resume of the final report on this project. The table and 

figure numbers are those used in the final report. 

The data collection network under consideration consists of the general 

purpose UHF satellite in geostationary orbit, a large number of remotely located 

small automatic retransmission platforms, plus a central collection terminal (CCT) 

with a large high gain antenna. Only one channel of 20 kHz bandwidths was 

to be used on the satellite. This channel was to be shared between all platforms. 

The present project is only concerned with the design of the retransmission 

platform. The objective of the study was to produce a design and provide cost 

estimates of platforms to meet particular Canadian requirements. These requirements 

include weather conditions, low elevation angles, special user requirements and 

operation with specific satellite parameters. The following list of guidelines, 

provided by the Design Authorii-y, gives some additional requirements placed on 

the design. 

Environment 

The platforms must survive the temperature, humidity, wind and water 

extremes expected to be encountered when deployed. Land based platforms 

must also survive effects of salt laden air encountered at coastal points. Ail 

platforms must survive exposure to fungus normal to field installations. 

Reliability  

Mean time to failure shall be greater than 1 year. 
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Useful Life 

Minimum useful life of the platforms shall be 5 years. 

Power Source Endurance 

The platforms shall be designed for low power consumption, with the power 

source being adequate for at least 6 months of operation with continuous hourly 

transmissions. The power source must be easily replenished or replaced in the field. 

Fail Safe Operation 

The platforms shall be fitted with devices which will prevent unwanted r.f. 

transmission which could jeopardize successful system operation. 

Maintainabi ity 

The platforms are intended for unattended operation. Field repair shall not 

be attempted. Preventative maintenance should not be required more often than the 

power source replacement interval. 

Technology Time Frame  

Technology which is expected to be thoroughly field proven by 1976 should 

be used. 

Modularity 

The design will be such that the capabilities of the basic platform can be 

changed or upgraded by adding or changing plug-in modules. 

To determine the requirements of the Canadian users, and the traffic model 

for the data collection network,a users survey was carried out. This survey was 

not exhaustive, instead only a few of the likely user agencies as determined by 

the Design Authority, were contacted. These agencies are listed in table 3.1-1. 

The results of the survey, highly condensed, are listed in table 5.1-1. This shows 

a total of 595 platforms. This is less than the totaloumber of sites currently operated 

by these agencies but represents the number that could benefit from conversion to 

a satellite collection net. The total number of transmissions per day is also listed 



Section or Branch  

Tides and Water Level 

Water Resources 

Water Quality 

Atmospheric 
Environment Service 

Department  

Department of 
the Environment 

Department of the 
Environment 

Department of the 
Environment 

Department of the 
Environment 

Table 3.1-1  THE  USER AGE-7.0IES CONTACTED DURING THE USER REQUPEXETS SUFVE  

Contact Name 

Mr. W. Zubrycky 

Mr. A. A. Halliday 

Dr. A. Demayo 

Mr. E. N. Elsley 

Address and Telephone  

870 Carling Avenue, 
#8 Temp. Bldg. Room F204 
Ottawa, Ont. 
944-9b69 

870 Carling Ave., 
#8 Temp. Bldg. Room D240, 
Ottawa, Ont. 
994-5251 

870 Carling Avenue, 
#8 Temp. Bldg. Rm. E240, 
Ottawa, Ont. 
994-5345 

4905 Dufferin Street, 
Downsview, Ont. 
667-4738 

Department of the 	Canada Centre for 
Environment 	 Inland Waters 

Burlington, Ont. 	 Dr. K.P.B. Thomson 
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3 , 	3 

24 8 	144 

16,320 
16,320 

	

25,900 	44,000 

	

25,900 	44,000 
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ACENCY WATER 	TIDES & 	WATER 	AES 	CC 1W 	TOTAL 
RESOURCES 	WATE2 	QUALITY 

Max No, of Platforms 	400 	 136 

No. of Sensors/ 
platform 
present 	 1 - 	1 
Future 	 4 	 1 

No. cf 7ranslaay/ 
platform 
required 	 . 24 
Desired 	 96 

No. of Decimal 
digits/sensor 

No. of Transmissions/ 
day . 
Required 	 9,600 
Desired 	 38,400 

2 
96* 

272 
13,056 

. 216 	400 . - 	10,458 
- 53,172 216 . 1,200 

No of biteecimal 
digit 

No. of bits/Transmission 
(includes header) • 

Present 
FUture  

4 

	

60 	6o - 	120 	110 

	

100 	60 	120 	110 

No. of bits/day required 
Present 	 576,000 
Future 	 960,000 

Desired 	 6 
Present 	 2.3x104 	783,000 	25,900 132,000 

Future 	 3.84x1e 	783,000 	25,900 132,000 

662,000 
1,046,000 

3,241,000 
4,781,000 

Table 5: 1-1 Estimated Present & Future Traffic Requirements 

.• 



- 5 - 

as is the total number of bits per day. Some growth in the number of sensors and 

the number of transmissions per day was indicated by the users even after the 

total number of platforms were installed. Thus the total number of bits per day, 

for the agencies surveyed, may reach as high as 4.78 million. Other potential 

users such as Provincial Government agencies would add to the total. 

During the course of the study systems calculations were carried out. A 

number of methods of timing the initiation of the transmission were analysed in 

some detail. These methods were; accurate clocks, randomly phased clocks, 

interrogation or command from the CCT, and adaptive control by means of an 

activity monitor. The selected method was by means of randomly phased clocks 

but a command receiver and an adaptive activity monitor were designed as optional 

plug-in modules. Accurate clocks were rejected because of cost and power drain 

considerations. 

Package Description  

An artists conception of a typical site is shown in Figure 6.1-1. The electronics 

subsystem and the battery pack are shown inside a suitable shelter while the sensor 

package and the antenna are outside. A fence or some means of protecting the 

antenna from large animals is envisaged. Only the electronics subsystem, the 

battery subsystem, and the antenna are part of the platform. 

The electronics subsystem is shown in more detail in Figure 6.3-4. It is 

housed in an aluminum case. The one shown is typical of a number that are 

currently being mass produced. The lid and all the plugs and switches are water 

tight. The electronics package is therefore water resistant but not hermetically 

sealed and cannot withstand long periods of exposer to rain or immersion in snow 

or water. 

All electronic circuitry is assembled on printed circuit boards which plug 

into sockets in the case. The optional modules are also fabricated on circuit 

boards and can be added to the platform merely by inse rt ing them in the correct 

slots. 
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BATTERY 
SUBSYSTEM 

Figure 6:1-1: A TYPICAL RETRANSMISSION STATION 
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PROVISIONS FOR 
SIX MORE BOARDS 

MOTHER BOARD 

Figure 6.3-4: ELECTRONICS SUBSYSTEM 
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The output plugs on the cover are self explanatory except for the toggle 

switches at the top. These are for selection of the number of bits in the serial 

data word. The plug labeled "Test" is for connection to a test set while the test 

points are for testing specific internal voltages. 

Operating Characteristics  

The basic platform, without additional optional modules,accepts data only 

in serial digital format. The number of bits in the serial data word can be 

selected up to a maximum of 288. If the analog or parallel digital modules are 

added the platform will accept data in any or all of the three modes. The 

number of input voltages in the analog mode can be selected up to a maximum 

of six. These are coded in 12 bit BCD format for a possible maximum of 72 bits. 

The maximum number of bits in the parallel entry mode is 64 selectable in 

multiples of 8 bits. The sensor data is transmitted after the station address of 

14 bits and a preamble of 30 bits. The preamble is required for carrier, bit 

and message synchronization at the CCT receive terminal. If the capabilities of 

the platform are fully utilized the total message consists of 468 bits of which 424 

are supplied by the user. If the message length is less than the maximum the 

transmitter is tumed off when the message is complete,freeing the channel for use 

by other platforms. 

The initiation of a measurement and transmission sequence can occur in any 

one of the four ways listed in table A.2. Initiation by the platform internal clock 

is the method normally used with the basic platform. The interval is hard wired 

and therefore cannot be changed in the field. The internal clock is accurate enough 

so that the measurement will occur at specified times with a maximum error of only 

a few minutes within the 6 months service interval. This satisfies the user require-

ment to make measurements at the same time every day. To minimize message 

overlap with other platforms making measurements at the same time, a random delay 

is introduced before transmission takes place. The basic platform also includes the 

facility to allow the user to make the measurement and then initiate the transmission 

process. Using this method of timing the platform does not introduce the random 



TABLE A.2 

Measurement and Transmission Tir 

Relatiorship 
Measurement 	between measurement 

Initiation Method 	Measurement Times 	Intervals 	& transmission times 	 Comments  

Platform  internai 	Set by user on platform 	12,6,1 or 71,-  hrs. 	Transmission follow: 
clock 	- 	 measurement with a 

random delay te maxi- 
mum value of which is 
selectable as 1 or 
1 	, 
4 	nrs.  

Activity Monitor 	Process dependent 	Mode 1: 	10 minutes 	** Mode 1: 	Transmisson 	'::ode 2 2f , -,tivity• 
follows measurement 	mor'_:_tor oberation 
wi -ft no delay 	 decreases mea:ure- 

mer -t 	interv::l. 
Mode 2: 6, 1 or 	*Mode 2: 	As above 
1 	, q nrs.  

CCT command 	 CCT/User determined 	1st measurement 	1st transmission  in- 	Initial command de- 
immediately follows 	mediately follows 	 creases normal 
command. 	 measurement. 	Succeed- 	measurement interval. 
Succeeding measure- 	ing  transmissions • 	 A second (different) 
ments at 6,1 or 	follow with random 	 command changes measure 

hr. 	intervals 	delays, 	 ment interval back 
to 	norm.,,_. 

User-Package 	 User-package 	 User-package 	 Transmission follows 
controlled 	 controlled 	 with zero delay 

**Mode 1: A data message is transmitted if trie  absolute difference between the process present value and the last 
value transmitted exceeds a preselectable increment - . 

*Mode 2: 	The basic measurement and transmission interval established by the platform clock is decreased if the 
process value exceeds a preselectable maximum or is less than a preselectable minimum. 
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delay before transmission. 

The other two methods of initiating a measurement require the addition 

of the respective optional modules. The activity monitor is intended to allow 

the regular measurement interval to be increased (say to 12 hours) while ensuring 

that no significant change in the measured parameter goes undetected. In this 

way the overall load on the satellite channel capacity can be reduced while 

maintaining the information content in the data. The addition of a command 

receiver module to the platform allows the CCT to control the operation of the 

platform. This is a command system rather than an interrogation system. An 

interrogation system would require the receiver at the platform to be continuously 

active. This was found to place an intolerable load on the power resources of 

the platform. Instead the receiver is active for only two minutes after every 

transmission. An interrogation at this time produces no useful information. 

Instead a command is sent to change the regular transmission interval either up 

to a shorter interval or bock  to the longer interval. In addition the platform 

responds immediately to the command in order to confirm that the command has been 

successfully received. 

Because of the use of randomly phased clocks as the basic timing method in the 

platform there is a finite probability that any given message overlaps with a message 

from another platform resulting in the loss of both messages. This probability has 

been calculated under the assumption that the transmissions are completely 

uncorrelated with transmissions from all other platforms. The results of the 

calculation are shown in figure 4.2-4 where symbol rate is plotted against the 

total number of symbols per day with the loss of data due to overlap as a parameter. 

The use of a rate 1/2 forward error correction code converts each bit into two 

symbols. Also shown are four "X" marks corresponding to the total bit rates of 

table 5.1-1 and a triangle showing the performance of a system in which some 

units have activity monitor modules and having the same information content 

as a basic system transmitting 9.6 million symbols per day. 

Another possible source of data loss is due to signal fades. A large fade 

margin has been built into the transmitter to CCT link by selecting a 12 watt 
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output stage. This output stage was selected because it contributes only a small 

Fraction of the total battery drain and because it is currently in large scale production 

and promises to be minimum cost. With 12 watts transmitter power the loss due to 

fades is estimated at 0.1% which is insignificant compared to the loss due to overlap. 

The command receiver also must contend with signal fades. An acceptably 

high probabiliiy of successful command reception can be achieved by using a 

10 dB gain antenna and transmitting the command twice. 

A specification for the basic platform and for the various options is given 

in table 6.1-1. 

Installation and Servicing  

The platform is designed to be air transportable in a Beaver type aircraft. 

Installation would consist of setting up and connecting the three subsystems 

and the sensor package followed by a field alignment and check out by means 

of a portable test set. The alignment would include setting the transmitter 

frequency and initial measurement time. 

Servicing would be carried out at 6-month intervals. It would consist of 

charging the Ni-Cd battery or replacing it with a fully charged unit plus a field 

alignment and check out. Defective units and modules would be replaced but 

not repaired in the field. 

An alternative Carbon Zinc battery was investigated. This is non-rechargable 

but has more capacity for lower cost and weight than Ni-Cd. It has a guaranteed 

shelf life of 3 years and sufficient capacity to power the platform for more than 

that period. A comparison between the Ni-Cd and C-Zn batteries is given in 

table B-1. The C-Zn battery appears preferable but was not selected because 

of less field experience, lower confidence in the performance figures,and 

insufficient data to do a cost trade off over the service life of the platform. 
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COSTS 

Costs of development and production were estimated in the course of 

the contract. These were based on 1974 estimates of labor rates and budgetary 

quotations from potential suppliers of parts and components. They are 

summarized below as "break-even" costs, i.e. including all elements of cost, 

but no profit. 

Development 

Antenna and all subsystems of the basic platform 	$285,000 

All options 	 160,000 

Production, per unit 	 Qty 1000 	Qty 5000 

Basic standard platform 	 $4900 	 $4600 

Options 	Adaptive transmission 	 526 

Parallel input 	 183 

Analog input 	 438 

Command Rx 	 1215 

Improved Frequency Stability 	594 

Carbon zinc battery 	 194 

10 dB antenna 	 213 



General logic 1. 
logic 0 

2.4 to 5.5 volts 
0.0 to 0.4 volts 
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TABLE 6.1-1 

Specification of the Data Retransmission Platform 

Subsystem  Characteristic 	 Value 

Antenna 

Transmitter 

Word Assembly 

continuops power 	 20 mw 
peak power 	 60 watts for 100 m sec. 
fade margin 	• 	 11.5 dB 
data loss due to fades 	< .1% 

operating temperature 	-50°C to+ 50°C 
relative humidity 	 97% 
operating life 	 5 years 
total'weight 	 240 lbs 

radiator type 	 full turn quadrafilar helix 
gain 	 5.3 dB (including cable) 

impedence 	 50 n 
polarization 	 right circular 
weight (including mast) 	100 lbs 

cable type 	 RC 214 
length 	 15 feet 
loss 	 .6 dB 
connector 	 male N-type 

• duplexer loss 	 0.5 dB 
. P.A. type 	 class C 
output power 	 . 12 W min. 
burst length 	 100 m sec. 
impedence 	 50 G 
approx. frequency 	 400 MHz 
frequency stability 	± 2 kHz in 6 months 
modulation 	 Biphase PSK 
symbol rate 	 12.5 kb/sec. NRZ 
error correction 

encoding 	 rate convolutional 
transmission initiated by 	timing control sensor 

package 
activity monitor option 
command receiver option 

sensor input 	 serial digital 
no. of channels 	 one 
max. message length 	 283 bits 
preamble length 	 30 bits 
address length 	 14 bits 
bit rate 	 6.25 kb/sec. 



Optional Parallel 
data module 

] 
Optional Analog 
data module 

] 
Optional Command 
receiver 

type 
gain 

3/4 .turn quadrafilar helix 
- 1 dB 

Optional isotropic 
antenna for floating 
platforms 
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SubL3ystem  

Timing control 

Power 

Optional Battery 

Optional Activity j 
monitor 

Chhicteristic  

measurement interval 
(selectable among) 
transmission after 
random delay 

battery type 
ampere hours 
voltage 
regulator output 
operating temperature 
weight 

battery type 
ampere hours 
voltage 
regulator output 
guaranteed life 
weight 

level increment 
alarm levels 
alarm transmission rate 

max. no. of channels 
bits/word 

max. no. of channels 
input voltage 
bits/Word 

approx. frequency 
antenna type 
antenna gain 
active period 

modulation 
bandwidth 
funct  ion  

Value 

15 minutes 
1 hour 
6 hours and 
12 hours 

Nickel-Cadmium 
40 
14. 2.5 - 1  volts  
14±1 volts 
-40 to + 50 °C 
120 lbs. 

Carbon-Zinc 
200 

14+2.5 - 1 volts 
14±1  volts 
3 years 
30 lbs. 

selectable 
selectable 
selec  table  

6 
0 to 5.0 volts 
12 BCD 

300 MHz 
.helix (option 7) 
10 dB 
2 minutes following 

transmission 
digital FM 
5 kHz 
changes measurement 

interval 

Optional crystal 
oscillator (for use 
with C-Zn battery) 

frequency stability ,  ± 2 kHz in 3 years 
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Table B-1 Comparion of Ni-Cd and C-Zn Batteries 

Vented Ni-Cd 	Air Depolarized 
Feature 	 Battery 	 C-Zn Battery 

Manufacturer 	 Canadian 	 Canadian 

Rating (Amp. 	Hr.) 	40.0 	 › 200.0 

Rechargable 	 Yes 	 No 

Recharging Interval 	6 months 	 N/A 

Charging Time 	 1 day 	 N/A 

Expected Life 	 6 yrs. 	 3 yrs. 	' 

Self Discharge Rate 	25% per 3 months 	Negligible 

Voltage 	 14V 	
(4 2.5V 	

14. bV (42.5V • 	 . 	(- 	1.0V 	•( 	- 1.0V 

Normal Operating - 40
o
C to 4,50

oC. 	-50
o
C to +50

o
0 

Temp. Range 

VVeight (tbs) 	 120 	 30 
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Estimate of Spectrum Requirements  for UHF Satellite Communications  

Major Service Bandwidth Requirements  

The bandwidth required to provide a voice circuit in a satellite 

transponder is dependant on a large number of factors. These are required 

quality standards, application of techniques such as speech processing, 

voice activation, requirements for energy dispersal, use of discriminate 

channel selection to improve IM performance, and guard band requirements. Any 

or all of these may apply. Some increase capacity and reduce bandwidth, others 

increase bandwidth. 

The technical studies carried out attempted to maximize the number 

of voice circuits available in the space segment and took into account features 

required or possible in the major applications. The required bandwidth has 

been calculated to be 55 kHz per duplex channel for the high quality voice 

circuits for telephone service to fixed stations, 250 kHz for the radio program 

channels, and 25 kHz per half duplex channel (or 50 kHz for full duplex) for the 

lower quality voice circuits to transportable and mobile stations. 

Traffic Bandwidth Requirement Estimates 	 • 

Forecasting of bandwidth requirement can be approached by estimating 

the latent demand and thus the initial requirement and assuming a rate of growth 

in the traffic. Table A4.1 shows the estimated latent demand and the 10 year 

prediction for bandwidth requirements (one-way) for growth rates of 20% and 25% 

for fixed telephone and transportable services. It is estimated that these will 

create the highest demand for bandwidth. 

Table A4.1  

Channel and Bandwidth Requirements  

Latent 
Demand 	 20% Growth 	 25% Growth 

Duplex Ch. 	Channels ...B.W:(MHz) 	Channels B.W.(MHz) 

10 Year Requirement 

Transportable 

Fixed 

10 	 50 	2.5 	 75 	3.75 

20 	 100 	5.5 	150 	8.25 
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An average growth rate of 20% is high, but not unusual for any new 

commodity. 25% is generally considered as exceptionally high. A pattern 

typically followed in the introduction of technological innovation is for 

growth to be high during the initial period following introduction and then 

to level off to follow the economic growth of the area or of a similar 

industry. Telecommunications traffic is presently growing at the rate of 

13% to 15% in Canada. It should be recognized, however, that there is risk 

in anticipating that behaviour would be typical for this system where innovation 

is being applied in an area which is far from typical. Latitude must also be 

allowed for error in the estimates of latent demand. 

Transponder Hardware Requirements  

In addition to spectrum demanded by traffic, transponder hardware 

design requirements must be taken into consideration. To account for filter 

characteristics and the multiplexer design chosen for the transponder, the 

transportable service (at 240 - 400 MHz) will require the allocation of two 

5 MHz bands, separated by at least 11 MHz. This is a total allocation of 10  MHz  

for each of uplink and downlink. 	Under the assumptions for traffic, this 

appears to be more than adequate for the 10 year time period, and indeed, 

would allow for considerable growth. 

Two separated bands each way must also be provided at 2.5 - 2.69 GHz, 

one for the radio program channels and one for the telephone circuits. To 

prevent undue filter losses, 3 MHz is required for the radio channels. This 

is adequate to allow for substantial future expansion of the radio channels. 

The requirement shown in the table for the telephone channels ranges from about 

5 to 10 MHz. For multiplexer design reasons the radio and telephone bands must 

be separated by at least 10 MHz. 
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Conclusion  

Based on the traffic estimates and transponder hardware requirements, 

it appears adequate to reserve a total of 10 MHz for each of uplink and downlink 

in the 240 - 400 MHz band. Indeed, in view of the high U.S. military demands 

on this portion of the spectrum, it would not be realistic to consider a larger 

allocation. 

Such a high  immédiate  demand by other countries is not anticipated 

for the two 35 MHz bands at 2.5 - 2.69 GHz which are allocated to this type 

of service, partly because frequency re-use can be more readily accomplished 

by means of orbital separation of satellites.  However, Canadian service 

requirements in this band are more likely to be subject to unforeseen higher 

initial demand and/or growth. Therefore it would appear prudent to reserve 

the full 35 MHz of uplink and downlink spectrum allocated in this band for 

• this type of service. 
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Allocation of Spacecraft Resources to Various Services  

Figures useful for apportioning the costs of the space segment 

to the various services provided can be obtained from an examination of 

the way the transponders use the satellite power and weight resources•

devoted to them. Of the total weight of the transponders, 78% is occupied 

by the 300 MHz transponders and 22% by the 2.5 GHz transponders. Of the 

total power used by the transponders, 81% is used by the 300 MHz and 29% 

by the 2.5 GHz transponders. Of the two types of services at 300 MHz, 

35% of the power used by the 300 MHz transponder is consumed by the 3 

mobile channels. Of the two types of channels provided at 2.5 GHz 21% 

is used by the 3 radio program channels. 

Using power consumed by the transponder as the criterion, and 

assuming that the satellite resources might be approximately equally shared 

between dedicated users (e.g. military) and Civil/government users, a possible 

allocation of channel capacity,  to each type of  user  is indicated in the Table  A5.1. 

Table A5.1  

POSSIBLE ALLOCATION OF CHANNEL CAPACITY  

Power division per channel type 	 Allocated to 	Allocated to 

(2 satellites, normal operation) 	 dedicated use 	Civil/Govt. use 

el 	No. of 	% of Total 	7./Channel 	No. of 	% 	No. of 	% 

e 	Channels 	Power 	 Channels 	Power 	Channels 	Power 

	

50 	53 	 1.06 	25 	26 	25 	26 

e 	 3 	28 	 9.3 	 3 	28 

dlone 	90 	15 	 0.17 	12 	 2 	78 	14 

■ 	 3 	 4 	 1.33 	 3 	4 
— 	 — 

• 	 100 	 56% 	 44% 
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UHF SATELLITE  

REVENUE & CAPITALIZATION  

1.0 DESCRIPTION OF THE SYSTEM  

The feasibility of a multi-purpose UHF Satellite Communications 
System is being asseased to meet government (both military and civil requirements) 
as well as public telecommunications service in remote areas of the country 
which cannot be reached adequately by other existing or planned'tele-
communications networks. 

The cash flow for the civil portion of the system is 
analyzed in this paper. Revenues are considered only for radio 
program distribution and for telephony services. Revenue of data 
retransmission from remote sensors is not included. 

2.0 CAPITAL REOUIREMENTS - ASSUMPTIONS  

The capital costs shown in Table 1, are based on a 
systemmodelled.by  RCA.(2 )This schedule has capital expenditures 
starting in 1974 for a system which would begin operating in 1977. 
The system is assumed to have a useful life of 10 years, after 
which, the entire system woUld be replaced by a more advanced 
system. (This is a conservative estimate. Each satellite is 
designed for a 8 year life. Its useful life.is limited mainly 
by the fuel it can carry for statidn keeping).( 3) 

The cost of the space segment is assumed to be shared by users of 
dedicated services, such as the Department of National Defence and by users of 
nublic services. It is assumed that the public services would be offered on à 
commercial basis, with costs.recovered by means of a tariff for use. 

For the first two years of operation one satellite would 
be on station. For the remainder of the time, two satellites 

would be in orbit.This schedule takes advantage of the high early 
reliability of a spacecraft and of the build-up of traffic during 
the early years during which a short outage would be tolerable. 
This schedule wouldprovide more capacity at the end of system life 
and wouldreduce revenue requirements in the early years of the system. 

At the end of 10 years the system has one satellite with 
only 3 years of use. This capability will probably be used as the 
UHF system is phased out. Thus, residual capability still exists 
at the end of the 10 year useful life. Each additional year of 
use would add 10.5 million dollars profit. 

(1) A complete description is given in the body of the report 
(2)RCA, Canada, "Feasibility Study of a. Two-Band UHF Communications 

Satellite, RCA Report No. 95566-1, December 1972 
(3) ibid 



Table /  

Capital Cost Schedule  

'74 	75. 	76 	77 	78 	79 	80 	81 	82 	83 	84 	85 	86 	Total 

* Non-Recurring (R&D) 	' $3.8M 	7.9 	7.4 	 $ 19.1 • 
* Prototype Satellite 	 3.0 	5.3 	 8.3 

* 1st Flight Spacecraft 	 2.5 	4.1 	 6.6 

* Satellite Control Facilities 	 1.0 	 1.0 

* 1st Launch 	 10.0 	 10.0 

* Prototype Satellite Refurb. 	 1.0 	 1.0 

* 2nd Flight Spacecraft 	 3.0 	3.6 	 6.6 

* 2nd Launch 	 10.0 	 10.0 

* 3rd Flight Spacecraft 	 1.1 	5.5 	 6.6 

* 3rd Launch 	 10.0 	 10.0 

*@ Program Management 	 .4 	1.2 	1.8 	1.7 	.8 	1.3 	.6 	.1 	.1 	1.0 	 9.0 

*# Profits & Incentives 
(Space Segment) 	 .25 	.7 	.85 	.25 	.25 	.3 	. . 	3 	.3 	.3 	.3 	.3 	.3 	4.7 

* Ground Control Stations 	 1.0 	1.0 	,.5 	.5 	 3.0 ' 

Telephone Station Development 	.4 	.8 	 1.2 

Tel. Stn. Procurement 250 @ 25K 	 2.0 	2.0 	1.25 	1.0 	 6.25 

Tel. Stn. Installation 250 @ 25K 	 2.0 	2,0 	1.25 	1.0 	 6.25 

Broadcast Receivers 250 @ 2K 	 .16 	.16 	.1 	.08 	 .5  

Total Capital Cost/Year 	4.45 	13.2 . 20.65 	21.21 	9.71 	19.40 	8.48 	.4 	.4 	11.3 	.3 	.3 	.3 	$110.10 

** Dedicated Users Share 	2.22 	6.4 	9.93 	8.53 	2.78 	8.45 	3.2 	.2 	.2 	5.65 .15 .15 .15 	47.96 

Public Users Share 	 2.23 	6.8 	10.72 	12.68 	6.93 	11.0 	5.28 	.2 	.2 	5.65 .15 .15 .15 	62.14 

* Costs shared equally between dedicated and public services 

# Total of profits and incentives assumed to be 10% of cost of space segment hardware, 
6% profit and 4% performance incentives, the latter uniformly distributed beginning in 1981 

** Costs do not include user terminals 

@ Program Management by the operating agency. Half this amount has been included in the 
component costs for management by the contractor. 
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3.0 FOTENTIAL REVENUE  

For this planning study, revenue accrues from radio program 
distribution and telephony services. An annual revenue of 1 million 
dollars is generated by radio program distribution. The potential 
revenue for telephony is based on the number of channels, the 
number of paid minutes of use on each channel, and the rate charged 
for each minute of use. 

3.1 CAPACITY  

The system will provide 90 voice channels. If each 
channel was used full time, the system could provide 47.3 million 
transmission minutes each year. 

3.2 UTILIZATION  (4) 

The system will not be used to capacity at all hours, 
however. Based on use of Trans-Atlantic telephone circuit use and 
prime time of domestic terrestrial telephone systems, it is estimated 
that a peak load period of 12 hours duration can be expected each 
day. 

The satellite  will not be loaded this heavily in its first 
year of operation. Because of latent demand for reliable communica-
tions in the north, the hourly use during thé first year . could average 
25% of capacity. This would yieldiausystem operating,3at one-quarter load 
for 12 hours a day. 

Traffic would increase as more users convert to the UHF 
system and as northern settlement and industrial activity increase. 
This growth rate should at least equal the 15% groWth rate experienced 
in southern Canada where communication systeme already exist. 
In the systdm's tènth year of operation, 21.1 million minutes would 
be used. 

3.3 TARIFF ASSUMPTION  

The telephony service cost is independent of distance. 
A call from Yellowknife to Pangnirtang is no more expensive than one 
from Yellowknife to Inuvik using satellite transmission. A tariff 
is proposed for planning that is constant over distance -- a fixed 
cost per minute to use a channel, regardless of where you are calling. 
This analysis determined that a tariff of $1,11 per minute would 
provide a financially viable system with the assumptions on utiliza-
tion. Combined with the one million dollars per year from the 
leasing of radio broadcast channels, the annual gross revenue 
(shown in Figure 1 and Table A3) will grow from 7.6 to 24 million 
dollars during the 10 years of operation. 

(4) The details concerning the assumptions on utilization and the 
sensitivity of the minimum tariff to these utilization assumptions 
are indicated in appendix B. 
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4.0 FINANCIAL MODEL  

It is assumed that a telecommunication agency, such as 
Telesat, would operate the commercial portion of the system. How 
could its share of the costs be financed? The following model 
analyzes the financing of the system including capital costs, interest 
charges, maintenance, overhead and income tax. 

The capital cost of the commercial portion of the system 
would include one half of the cost of the spacecraft and its ground 
control station plus the entire cost of development and procurement 
of the telephone and broadcast receiver facilities for 250 remote 
communities. These costs are shown in Table 1. (5) The capital•
required by the telecommunications agency is assumed to be obtained 
through a government guaranteed loan at an interest-rate of 8%. (6) 

4.1 AMORTIZATION OF THE LOAN  

The capital outlays plus accrued interest amount to 22.32 • 
million dollars when operations begin in 1977. The interest charges 
are capitalized until the first year of operation of the system. 
After start of operations they will be . treated as operating cost. 
Additional capital outlays totalling 41.47 million dollars will be 
required from 1978 through 1986. (These costs are shown in Table Al) 
1.11.th the low revenue expected in the early years, the capital cannot 
be.amortized in equal payments. The amortization pattern shown in 
Table Al has been designed to meet the!available annual revenue. 

(5) It is assumed that the users of dedicated services would pay 
or provide revenue to cover one half of the cost of the spacecraft 
and its ground control station and one half of the maintenance of 
the ground control station and operating costs of the space segment. 
They would pay all costs for the dedicated system ground terminals. 

These terminals are not included in the costs in Table 1. Also the 
maintenance and operating costs for the military are not included 	• 
in this analysis. Capitalization of the dedicated part of the system 
is discussed in section 6.2. 

(6) The sensitivity of the results to the assumptions is investigated 
later in this study. 

.../4 
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4.2 Maintenance and Overhead  

The maintenance cost for the ground equipment is estimated 
at 10% per year of the original purchase cost of the ground based 
equipment - telecommunication stations, broadcast receivers and 
one half of the ground control  station. (7) 

The UHF satellite was designed to be capital-intensive 
to reduce the operating costs. Therefore, the overhead costs 
for this system will be low in comparison with other utilities. 
Overhead for telephone companies in Canada in 1971 varied from 
9.8% to almost 33% of invested capital. (8) 

Table 2 is a rudimentary list of costs that will be 
covered in overhead for the system. This amounts to $900,000, as 
the annual expenditure for operating the satellite control centre 
and results in a cost of about 11% of the ground-based equipment. 
This is within the range of telephone company experience. 

4.3 Annual Cost  

The total cost each year consists of the operating cost, 
maintenance, overhead and interest plus amortization of the loan. 
This cost is shown through time in Figure 1 and its components are 
detailed in Figure 2. 

5.0 CASH FLOW ANALYSIS FOR THE FINANCIAL MODEL  
• 

Cash flow represents the recovery of capital plus the 

net income from the system. The cash flow calculations are shown 
in Table A3. 

(7)No allowance is made for inflation and no maintenance cost is 
applied to the space segment. However, maintenance cost is incurred 
the year of pàrchase to account for installation and start-up costs. 

(8) Work by Mr. Réal Gratton of DOC. 

.../5 
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(incl. $150,000 for maintenance 
personnel) 
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5.1 Depreciation 

Radio equipment can be depreciated annually at 25% of 
the undepreciated capital cost (depreciation class 9). For a 
heavy capitalized system, such as the UHF satellite, depreciation 
is loaded heavily in the early life of the system and increases 
the cash flow. It is generally preferred by firms over the more 
conservative 10% straight line depreciation. (9) 

5.2 Income Tax  

The income tax is 40% in accordance with intentions expressed 
by the Honourable John Turner in the 1973 Budget Speech. A taxable 
loss is incurred for the first few years because of low revenues. 
These losses are carried forward for tax purposes. (10) 

5.3 Discounted Cash Flow'  

DiscOunted cash-flow takes account of both the magnitude 
and the timing of expected cash flows. The discount represents 
the "cost of capital" or the value of the capital if invested 
differently. 

(9) The system profitability is sensitive to the depreciation, so 
DOC should request a ruling from the Department of National Revenue-- 
Taxation on the proper class for such systems. This ruling will 
be needed to attract operating firms at reasonable cost to the 
government. 

(10) Section 6.3 comments on the value of these tax losses to an 
existing firm. 

.../6 
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It is intended to represent the value today of a future 
action. When applied to finance, the "cost of money" or interest 
rate is often used. With limited resources or non-monetary factors, 
the "opportunity cost" or "what I could get in the next best use 
of the resource" is preferred. 

In the analysis, the "cost of money" is the Correct 
value to consider because: 

1) FROM THE TELECOMMUNICATION AGENCY VIEW: 

The telecommunication agency is borrowing the money 
from the government. There is no alternate use. The 
agency will not be given the money for some other operation 
if they do not use it for the UHF system. Therefore, 
from the agency view, the opportunity cost of capital 
is zero. The value of the capital is just cost tID 
use it -- 8% interest. 

2) FROM THE GOVERNMENT VIEW: 

The government is not backing the UHF system to make 
a large profit for a commercial agency. The government's 
objective is to provide a system thatlenefits Canada and 
its citizens. Thils the system should "break-even" to 
avoid a drain on the tax rolls. Therefore, if the system 
can be self-supporting and repay the loan at the 8% 
interest, it will be evaluated on the basis of its social 
and econaisic benefits, not its financial profitability. 

For reference however Figure 3 shows how the profitability 
of the system varied with discount rate. Since the UHF satellite 
is heavily capitalized, the breakeven tariff is sensitive to the 
"cost of money". Figure 4 defines "cost of money" in a narrow 
financial sense as the intereat rate and shows how the "breakeven" 
tariff varies with this rate. 

6.0 DISCUSSION  

This financial analysis is based on many assumptions. 
Some of these, such as capital costs, are backed by detailed studies. 
•Others, because .of lack of information or because of difficulty in 
forecasting economic trends are treated parametrically. 

6.1. Basic Assumptions 

The Èystem with the basic assumptions of cost and demand 
can be financially attractive. A tariff of $1.11 per minute is 
required to break-even. This corresponds favorably to current 
terrestrial systems in the North. 

7 
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6.2 Capitalization of Dedicated Share of the System  

It is anticipated that the bulk of the requirement for dedicated 
use of the system will come from the Department of National Defence and for 
purposes of this analysis it was assumed that DND would use the entire 
dedicated share of the system, with commercial users calling on the other 
half of the satellite's capacity. In practice, of course, other government 
agencies, such as the Department of the Environment for sensor data 
retransmission purposes , . or the RCMP, etc., may also require a small amount 
of dedicated capacity. In analyzing costs of the telecommunications agency, 
it was assumed that DND would pay for its share of capital expenditures 
from budgetary appropriations and would not affect the agency's financing. 
In such case, the payments for the DND half of the system would amount to 
47.96 million dollars. (Table 1 shows the schedule for these expenses). 

Were the agency to buy and operate the system and lease dedicated 
channels to DND for 'fixed annual payments, the cost to DND over 10 years 
would be 96.2 million dollars. (With only one satellite on station, the 
performance will be'degraded during eclipse, so DND is Only charged for 2/3 
of the full capacity in 1977 and 1978.) 

Regardless of financing, DND weildalso pay $300,000 per year as 
its half of the maintenance and overhead for the contre Centre. In addition, 
DND wouldprovide its own ground equipment for use with the satellite. 

6.3 Operation by Telesat  

A major assumption in the financial analysis is that the 

agency operating the system has no otheï operations. With heavy capital-
ization the UHF satellite'will incur tax losses in early years because 
of heavy depreciation. Under this assumption, a firm  cannot take full 
financial advantage of these losses. If a taxable corporation operated 
the satellite, it could take full advantage of the depreciation. It 
would depreciate from 1974 so could claim an extra half million dollars. 
This would save $235,000 in taxes. The existing firm could also use the 
tax losses to offset profits from its other operations and save on taxes. 

The discounted cash flow Would increase by 3.9 million dollars if the 
firm could use all depreciation and tax loss credit. 

This is a conservative estimate of extra gains.. An existing 
'firm could partially finance the UHF system out of earnings. This would 
save on interest. It could also reduce overhead allocation because of its 
larger revenue base. While exact numbers are not valid in this study, it 
is significant that an on-going firm could gain from adding the UHF 
system to its operation. 

6.4 Conclusion  

The UHF satellite system is financially attractive within 
a reasonable set of assumptions. 
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APPENDIX A 

COMPUTATION DETAILS  

The following tables show the actual •  

values used in the body of this report. All values 

in these tables are expressed as millions of dollars. 



Table Al  

Capitalization by the Telecommunications Agency  

	

Capital 	Capitalized* 	Loan 	 Interest Paid* 
Year 	 Outlay 	 Interest 	Balance 	As Operating Cost 	Amortization 

1974 	 2.23 	 0.18 	 2.41 	 - 

1975 	 6.80 	 0.74 	 9.95
- 	

- 

1976 	 10.72 	 1.65 	22.30 	 - 

1977 	 12.68 	 - 	 35.00 	 2.80 	 3.50 

1978 	 6.93 	 38..43 	 3.07 	 4.13 

1979 	 11.00 	 - 	 45.30 	 3.62 	 4.57 

1980 	 5.28 	' 	 - 	 46.01 	 3.68 	 5.73 

1981 	 0.20 	 - 	 40.49 	 3.24 	 6.75 

1982 	 0.20 	 - 	 33.94 	 2.72 	 6.79 

1983 	 5.65 	 - 	 32.80 	 2.62 	 8.20 

1984 	 0.15 	 - 	 24.75 	 1.98 	 8.25 

1985 	 0.15 	 - 	 16.65 	 1.33 	 8.33 

1986 	 0.15 	 - 	 8.48 	 0.68 	 8.48 

* Interest is cap 2..ta1ized until operations begin in 1977. 



Table A2 

Annual Costs  

Year 	Maintenance  

1977 	1.32 

1978 	0.56 

1979 	0.72 

1980 	0.82 

1981 	0.82 

1982 	0.82 

1983 	0.82 

1984 	0.82 

1985 	0.82 

1986 	0.82 

Overhead 	Interest  

	

0.90 	2.80 

	

0.90 	3.07 

	

0.90 	3.62 

	

0.90 	3.68 

	

0.90 	3.24 

	

0.90 	2.72 

	

0.90 	2.62 

	

0.90 	1.98 

	

0.90 	1.33 

	

0.90 	0.68  

Operating Cost  

• 	4.02 

4.53 

5.24 

5.41 

4.96 

4.44 

4.35 

3.71 

3.06 

2.40 

Amortization  

3.50 

4.13 

4.57 

5.73 

6.75 

6.79 

8.20 

8.25 

8.33 

8.48 

Yearly Cost  

7.52 

8.66 

9.81 

11.13 

11.71 

11.23 

12.55 

11.96 

11.38 

10.88 



Table A3  

Cash Flow  

Operating 	 Taxable 	 Income 
Year Revenue* 	Profit 	 Depreciation Income 	Tax 	After Tax 	Cash Flows  _ 	 _ 

1977 	7.66 	3.65 	8.75 	 0 	0 	 0 	 8.90 

1978 	8.66 	4.13 	8.29 	 0 	0 	 0 	 8.29 

1979 	9.81 	4.57 	8.97 	 0 	0 	 0 	 8.97 

1980 	11.13 	5.73 	8.05 	 0 	0 	- 	0 	 8.05 

1981 	12.65 	7.69 	6.09 	 0 	0 	0.94 	 7.03 

1982 	14.40 	9.96 	4.61 	 0 	0 	3.17 	 7.79 

1983 	16.41 	12.06 	4.87 	 0 	0 	3.86 	 8.73 

1984 	18.72 	15.01 	3.69 	4.60 	1.84 	4.93 	 8.62 

1985 	21.38 	18.32 	2.81 	15.51 	6.21 	3.79 	 6.60 

1986 	24.43 	22.03 	2.14 	19.89 	7.96 	5.60 	 7.74 

* Includes 1 million dpllars each year from radio program distribution 
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APPENDIX B  

UTILIZATION vs TARIFF  

"BREAK-EVEN" ANALYSIS  

The assumptions on initial utilization and growth rate are 
important to the financial planning of the system. The system 
will have an annual capacitY of almost 48 million minutes of 
telephone time. ealls are not made uniformly during the day 
but tend to cluster in certain periods. 

On Trans-Atlantic telephone circuits, because of time zone 
differences on East-West  traffic, each circuit is used about 7 
hours per day (about one-third of the total time available). 

The satellite telecommunications system will provide North-
South service in 5 time zones as well as East - West service 
across those time zones. Because  •the channels are assigned 
on demand, they are available to meet the demand peaks in 
each time zone. Thus peak use will not . be limited to times 
suitable at both ends of the country, but will follow the 
sun from coast to coast. Assuming a 10 hour peak in each time 
zone,( 1 ) the heavy load period on the satellite will cover 15 
hours of the day (65% of the total time available). Therefore, 
a conservative estimate for this analysis will be that the 
maximum utilization is 12 hours à day. This amOunts to 23.6 
million channel mintites a year. 

The satellite will not be loaded to this capacity in the 
first year of operation. However, because of latent demand from 
government and industry, it is estimated that about 25% of 
the maximum Utilization.of the space segment (6 million  channel 
minutes) be used initially. 

With advanced planning and Marketing, several government 
departments could be prepared to begin operations the first ye‘lr. 
Among these are the forestry related communications of Environment. 
and Tndian Affairs, the nursing service of Health and Wplfare, aîi  

air traffic communications within Transport .. In addition, minv 
government users could be ready to use the data retransmission 
capability of this system. Estimates on this demand are shown 
in , APpendix 8. 

(1) This corresponds to the prime time of terrestrial 
communications systems. 
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APPENDIX B (cont'a) 

In southern Canada, where systems already exist, 
communications growth amounts to 12-16% per year. Therefore, 
growth of communications in the north, where such services 
are inadequate or non-existent, can be expected to grow by 
at least 15% per year. This rate will result in an expected 
utilization of only 90% of maximum( 2 ) being attained in the 
last year of operation. (Figure B1). 

Sensitivity  

Because of uncertainties in demand and the lack of 
commercial exnerience, several assumptions of initial use and 
annual growth rate were tested to determine the effect on 
tariff. Figure B2 shows the tariff needed for the system to 
"breakeven". (Note: "Breakeven" is when the present value or 
capital equals the present value of cash flow when both are 
discounted at 8%). The "breakeven" tariff for the assumed 
demand is $1.11 per dummel minute. 

Figure B2 indicates two areas in need of further attentici,. 
The financial risk is large if the utilization is not as heavy 
as expected. Therefore a marketing effort should be 
undertaken to "guarantee" a minimum utilization at start of 
operations. 

The pronosed system has a limited capacity. This establishes 
a minimum tariff of 50e per minute. An estimate should be 
formalized of the cost to expand the capacity. 

(2) Note: This Maximum utilization is only 1/2 of the  ot,11 
time available on the satellite. Thus, our  est ime  
utilizes the system at only 45% of theoretical capaciLy. 
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APPENDIX 7 

Analysis of Potential Use and Benefits  

of Fixed, Transportable, and  

Marine Mobile Earth Stations. 

January 1973 
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1. INTRODUCTION  

This study was undertaken for the Requirements Analysis 

Division of the Space Systems Planning Branch of the Department of 

Communications. The aim was to provide an initial assessment of 

the potential use and benefits that would accrue to civilian users 

from the establishment of an Ultra High Frequency (UHF) multi-purpose 

satellite communications system. 

Such a system would provide voice and data communications 

to users in remote areas with quality and reliability equivalent to 

that which is provided at the present time in populated regions. The 

service would be of interest to government departments, industries, as 

well as to communities and individuals who require communications in 

remote regions. Specific applications might include radio broadcast 

transmission, telephone service, teletype service and facsimile service 

to remote communities as well as data transmission from unmanned sensors 

and transmission from aircraft crash position indicators. Uses and 

benefits for the latter two applications were not included in this study. 

The aim in determining potential use and benefits associated 

with such a system, is to provide a basis from which the design of the 

system can be extended, its desirability assessed in depth, and some basic 

cost-revenue implications examined. 

Results of the study indicate strong interest among potential 

users of such a system. Details of those users and of potential application 

areas are contained in the body of the report, along with both qualitative 

and quantitative estimates of benefits wherever possible. 
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2.  CONDUCT OF THE STUDY  

The study was completed in three stages; a list of potential 

users was prepared, from the list a sample was selected for detailed 

investigation, and finally, an examination was carried out to determine 

the potential use and benefits for each user in the sample. 

This section of the report will describe each stage of the 

study in detail. 

(a) Preparation of a List of Potential Users and Applications  

As a first step, an outline of the UHF multi-purpose satellite 

communication system capabilities was developed (see Appendix I). This 

statement of the system's capabilities was then used as a basis for iden-

tifying potential users. These were divided into two groups, according 

to whether they were inside the Federal Government or outside. (See Tables 

I (a) and I( h) respectively.) In the Tables, individual users are listed 

vertically on the margin and applications are shown at the head of each 

column across the top of the page. Federal GovernMent users are separated 

into various departments concerned, while for users outside of Federal Govern-

ment, general groupings along industrial lines were used with separate groupings 

for provincial government departments, Northern communities and other users. 

(h) Sample Selection From the Initial User-Application List  

A limitgd sample of user-application areas were studied. This was 

done to limit the scope of the study while at the same time providing as 
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broad as possible an indication of potential uses and benefits. In 

line with this approach, two criteria were used in selecting areas 

for investigation. These were a prior estimate of potential use and 

a subjective assessment of the availability of information in each 

area. These considerations led to those areas shown shaded in Tables 

I (a) and I (b) being examined. 

As indicated in the Tables, the investigation focussed on 

voice and data communications, with radio broadcasting included only 

with regard to one user, the CBC. 

(c) Examination to Determine Potential Uses & Benefits  

The survey was carried out by contact with potential users. 

Initially, this was by telephone and subsequently, either by corres-

pondence or through telephone contact and meetings. When meetings were 

arranged, the approach was first of all to brief the user on the capa-

bilities of the UHF satellite system; subsequent to this, discussions 

were held concerning the potential applicability of the system to users 

and operations, and also included a qualitative aspect of benefits that 

might accrue to users through use of the UHF system. Meetings therefore 

had the dual effect of acquainting the user with details of the UHF satel-

lite system, and helping to focus on his requirements. 

Information obtained from telephone calls, meetings and corres- 

pondence with potential users was supplemented by other data available 

from the Requirements Analysis Division and also from written material 

made available by potential users. 
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The quantitative data was obtained from the Government Tele-

communication Agency survey of communications within the Federal Govern-

ment (1971) as well as from other publications as recorded in the biblio-

graphy (1). *  

Shading in Tables I (a) and I (b) indicate whether quantitative 

or qualitative results were obtained for the user-application areas studied. 

* This symbol at the end of a sentence refers to the publication as 
listed in the Bibliography. 
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3. RESULTS  

Results are divided into two sections, quantitative and 

qualitative. The first deals with a quantitative assessment of potential 

use by user-application area, in accordance with the information given in 

Tables I (a) and I (b). The second part contains a qualitative assessment 

of potential use again, in accordance with Tables I (a) and I (b). 

(a) quantitative Estimates of Potential Use  

These estimates are based on estimates of existing high frequency 

radio use. It is assumed that a multi-purpose satellite system could sub-

stitute for existing HF radio applications in most instances and accordingly 

the current potential for such a system is equated to this existing use. 

Even though the estimated satellite use has been equated more or less to 

the present HF radio use, there is a considerable growth factor that could 

be included after detailed studies have been completed. This growth has 

two sources. The first results from new settlements and industries that 

need communications. The second source is called the stimulation factor. 

New communication systems tend to become overloaded much sooner than designers 

expect because the growth rate is not constant. 

Tables II (a) and II (b) show estimates of existing long range 

HF radio use for fixed, transportable and marine mobile installations among 

the selected users. The use is distinguished as long range because there 

is an extremely large number of HF radio sets used for short distances, that 

would not be replaced by a UHF satellite station. The HF radio use estimates 

are conservative, especially in the private sector, since contact was possible 

with a very small segment of the petroleum industry. 
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TABLE  U(b) EXISTING HF RADIO USE OUTSIDE THE FEDERAL GOVERNMENT 

VOICE AND 	DATA 
USER 	 RADIO 

FIXED 	 TRANSPORTABLE 	 MOBILE 	 BROADCASTING 

PETROLEUM INDUSTRY 	100- 200 	75-100 	40-60  

MIN/NO  INDUS TRY 	50-100 	25 - 75 	1 0-20  

CONSTRUCTIONINDUSTRY 	50- 100 	5  -10  

TRANSPORTATION 	 20 - 40 

PROVINCIAL OOVERNMENT 

POWER COMPANIES 

A/ORTHERN COMMUNITIES 	125- 150 

LOGO/NO COMPANIES 	100 - 200 	50-100 

- 	  

OTHER 	 170 - 200 



Many of these estimates for federal government users were 

taken from a GTA survey that was completed in 1971, with estimates 

for 1975. Some of the.  estimates were taken from s'Yellowknife Con-

ference Paper by O.S. Roscoe (2). Estimates for the petroleum and 

mining industry are simply that, based on known activity in the petro-

leum and mining industry conservative estimates for fixed facilities 

were made. The Canadian Petroleum Association provided estimates of 

transportable use which were used to make estimates in the petroleum 

industry. 

These estimates could be made very accurately by searching 

the DOC liscensing records. However, one would have to make estimates 

as to which HF radio sets would be retired by the UHF satellite system. 

In what follows, each of these application areas is discussed 

separately, and estimated potential satellite system use is given in 

Tables III (a) and III (b). 

Tables III (a) and III (b) summarize the fixed installation, 

transportable unit and marine mobile potential use. The users are listed 

down the left side and the estimated use is on the right hand side. The 

user "Northern Communities" represents the potential needs of the federal 

and provincial government departments as well as private users located in 

communities. At the present time, each user maintains his own HF radio 

but the UHF system would permit everyone to use the village system. 

Some of the industries are shown as separate users since they 

are often located outside the villages and would want communications to 

the industrial site. Some of the industries are shown as separate from 



TABLE 1I1(a) QUANTITATIVE ESTIMATES FOR UHF SATELLITE STATIONS IN THE 

FEDERAL GOVERNMENT 

V 0 I CE AND DATA 	 RADIO 
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FIXED 	 TRANSPORTABLE 	 MOBILE 	 BROADCASTM 
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0/AND 	 70-120 
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PO 
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SS 

NRC 
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TABLE III (b) QUANTITATIVE ESTIMATES FOR UHF SATELLITE STATIONS OUTSIDE 

THE FEDERAL GOVERNMENT 

VOICE 	AND DATA 	 RADIO 
POTENTIAL 	USER 

	

FIXED 	 TRANSPORTABLE 	 MOBILE 	 BROADCASTING 

PETROLEUM INDUSTRY 	I 00 -150 	75-100 	30-60 
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CONSTRUCT/ON INDUSTRY 	5-10 	 5-10 

TRANSPORTATION 	 10-20 

PROVINCIAL GOVERNMENT 	 50-100 

POWER COMPANIES 

NORTHERN COMMUNITIES 	200-250 	10-20 

LOOGING COMPANIES 	50-100 	25-50 

OTHER 
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the village because they desire a dedicated system. The MOT user is 

separate because required communications is for lighthouses which are 

in isolated locations. 

The radio broadcasting application has good potential for use 

by the CBC, to the extent of two full channels. The potential saving 

in capital expenditure alone is estimated at over $5 million. A detailed 

analysis would have to be carried out to determine possible economics in 

operations and maintenance. 

These estimates are not intended as commitment on the part of 

the user. The estimates have been compiled to demonstrate what the poten-

tial market for this system might be. This qualification applies to all 

tables. 

(h) Qualitative Potential Uses & Benefits  

In approaching prospective users, it was frequently difficult 

to obtain an accurate quantitative assessment of potential use and benefits. 

The reasons for this were twofold; on one hand, such an assessment would 

require considerable effort and expense on the part of the user, and second, 

even if resources to undertake such a detailed analysis were available, 

published technical and cost data on which to base the study were not yet 

available from the system designers. Attempts to assess potential benefits 

by proxy methods proved unsuccessful because good data could not be obtained 

or the validity of available information was questionable. Because of these 

factors, much of the investigation focussed on a qualitative assessment of 

uses and benefits. Discussions did however reveal that potential users would 

be willing to undertake detailed studies in their own areas once refined 

system cost and performance data becomes available. 
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The results of this section are shown for three application 

areas: fixed and transportable installations, and radio broadcasting. 

Within each of these, users included in the study are discussed separa-

tely, as follows; 

Fixed Installations  

Ministry of Transport 

Indian-Eskimo Affairs and Northern Development 

National Health and Welfare 

Petroleum Industry 

Provincial users 

Other users 

Transportable Units  

Ministry of Transport 

Indian-Eskimo Affairs and Northern Development 

Energy, Mines and Resources 

Royal Canadian Mounted Police 

Petroleum Industry 

Provincial users 

Other users 

Radio Broadcasting  

The Canadian Broadcasting Corporation 
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(i) Fixed Installations  

1. Ministry of Transport (MOT)  

This department requires communications in every phase of its 

operations. Often one would be hard pressed to separate the communica-

tions from the operation. In other words, the communications themselves 

are the total operation. (15), (5), (9). 

The Ministry of Transport is responsible for Air Traffic Control 

(ATC) within Canada. ATC requires good communications to perform the task 

properly and very often the type of equipment available on the market suffers 

from the same problems as the HF Radio Telephone System. The number of 

locations in the north where private aircraft companies must maintain their 

own private facilities, when added to the number of locations that MOT main-

tains,is considerable. These private and government maintained systems are 

still inadequate. MOT could use the UHF satellite system to provide complete 

Canadian ATC facilities. This could be completed by installing many small 

unmanned ground repeater stations that would act as the air to ground link 

for the aircraft. The radio signal would then be sent by the ground station 

to the satellite and from there to the manned control centres. This method 

would provide a reliable ATC system at a reasonable cost. The aircraft can 

not use the satellite directly because present technology is too expensive 

for private aircraft. 

Many locations in remote areas that use land lines for communica-

tions are without service while repairs are made because the lines are  down  

from snow, flood, or even trees falling on the wires. 
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Good weather data is needed for air travel. Weather maps 

could be quickly and accurately sent using an inexpensive facsimile 

machine. HF radio cannot utilize this simple data device under poor 

reception conditions. As the traffic volume increases, this type of 

device will be needed to improve ATC, and continue to make air travel 

safe. The ATC people are interested in improving their facilities 

whenever their budget permits. 

There are other programs within MOT that depend heavily on 

good, reliable communications. The lighthouse automation program is 

dependent on reliable data communications to monitor and control the 

operation of the automated lighthouse beacon. Today, some of these 

stations are connected by landline and VHF radio links. There has 

been interest shown by MOT staff to transfer the lighthouse monitoring 

program to a more reliable and possibly more economical UHF satellite 

system. The lighthouse system has 300 lighthouses that could be auto- 

mated. The present landline charges amount to $226,000 per year. This 

program could realize substantial benefits from the implementation of 

the UHF satellite concept. 

There are other programs in MOT that require better communica- 

tions.  Thèse  programs can only be identified after detailed investigation 

by an MOT study team. However, one of the MOT external agencies has been 

contacted, the Northern Transportation Company Ltd. The representative 

indicated that they spend nearly one hundred thousand dollars per year on 

an HF radio network that could easily be replaced by a more reliable system 

such as the UHF concept. He felt that a better system would provide improved 

service to Northern Transportation customers. A list of 75 radio systems 

that MOT maintains is available in Appendix II. 
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2. Indian-Eskimo Affairs and Northern Development (DIAND)  

The Department of Indian-Eskimo Affairs and Northern Develop-

ment (DIAND) operates as a central control agency with the provincial 

authorities actually dealing with the people. Thus, DIAND deals with 

provincial capitals. There is no problem with communications equipment 

to the capitals. However, in dealing with the territories (Yukon and 

Northwest), DIAND actually maintains some staff in the field outside the 

capital regions. Here, problems in communications arise. Indeed, even 

in the provinces, difficulties occur when personnel in Ottawa try to 

contact on-site control officers or project leaders. Existing telephone 

facilities via radio link to the remote villages are not reliable or of 

good quality. (14). 

The Indian-Eskimo Affairs program needs better communications 

In all remote villages so that provincial and territorial government 

staff can be reached and so that the residents can maintain contact in 

and around the village. The DIAND personnel would use the village system 

or the future facilities maintained by the common carriers. 

DIAND maintains staff in all the National parks and therefore, 

owns an array of communications equipment (see Appendix III). New parks 

will require additional equipment. 

The Northern Development Frogram needs better northern communi-

cations as a means of improving enterprise in the north. At the present 

time, private companies must maintain their own radio networks. Some 

examples are the Hudson Bay Company, Northern Transportation Company and 
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several air transportation companies. These networks are independent 

and compete with each other for radio spectrum. In addition, when 

ionospheric conditions are not suitable, all the networks are useless. 

A UHF satellite system would provide a consolidated reliable network 

of much better quality than those companies now have. 

As—new-areas are developedri the_demand for new communications 

wilrhot be satisfied because the interference problem between these 

radio--  netwarks-is..already  a  factor...41£ the•-poor-qtrality 

DIAND officers have stated that they use a growing number of 

facsimile transmission equipments. This instrument is likened to a page 

copier that can be attached to a telephone line and the page to be copied 

is sent to the receiving station. This device enables DIAND to eliminate 

the long mail service. Unfortunately, HF radio will not permit this machine 

to be used regularly. Therefore, the UHF concept would be very useful for 

this type of application where good quality of transmission service is 

needed. 

Indications from DIAND are that travel can be reduced up to 25% 

when good, dependable telephone service is available. This factor could 

result in sizeable improvements in service that a department could provide 

with the same operating staff and funds. 

3. National Health and Welfare (NHW)  

The Federal Department of National Health and Welfare maintains 

hospitals, health clinics, and nursing stations throughout the remote 
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regions of Canada. A complete description of potential use of the 

proposed UHF satellite system with resulting potential benefit to 

NHW Northern Medical Services is in Appendix IV. This appendix also 

contains the complete list of medical facilities provided by NHW. 

The existing radio communication facilities to the remote 

villages is operational only 50% to 80% of the time due to ionospheric 

conditions and maintenance problems. The lack of reliable communica-

tions lowers the quality of medical service available to residents and 

increases the operational expenses of NHW. 	NHW recognizes the value 

of good communications in the northern regions as they have supported 

the installation of 17 Anik thin route stations by agreeing to pay an 

annual charge of $250,000. Better communications would increase contact 

between the patient and doctor. This contact would enable the number of 

emergency evacuations to be reduced, thus saving transportation costs, 

and at the same time, reducing the unnecessary use of northern hospitals. 

The morale of northern satff is expected to increase considerably when 

reliable telephone service becomes available. This increased morale will 

result in lower staff turnover. (7), (8). 

The NHW annual budget for medical service to those remote commu-

nities is $45 million. If the increased contact with patients and reduced 

time loss for travel attributable to reliable telephone service amounted 

to a mere three percent improvement in the operation, the equivalent savings 

would be $1,350,000 per year. This is an extremely conservative estimate 

of the potential benefit that would accrue from a reliable telephone service 

in northern communities. 
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NI-1W  operates other programs in the remote regions, jointly 

with provincial agencies. For example, the Canada Pension Plan, and 

the Welfare part of NHW maintain many offices throughout Canada. 

These programs could benefit from better telephone service to the 

remote villages. 

4. Petroleum Industry  

The petroleum industry is operating in many areas of the north. 

For example, there are more than one hundred sites where bore holes are 

being drilled. Each of these sites has a sizeable crew, and costs thou- 

sands of dollars per day to operate. 

The need for communication to drilling sites is met either by 

radio systems or by regular aircraft schedules. It could be of significant 

benefit for these oil companies to retire their private system with their 

operator expenses and employ a more reliable UHF multi-purpose satellite 

terminal on the drilling site and in Calgary. 

The petroleum companies also use extensive communication systems 

for well control, both oil and gas. They also use communications to control 

the flow through pipeline systems. The communications needed for pipeline 

control must be designed for 99.9% reliability. If the UHF multi-purpose 

system could meet this requirement, there could be a very high demand. 

The UHF satellite could also be employed by the petroleum industry 

during construction of pipeline systems or port facilities. The wide range 

of possible uses can only be evaluated after a detailed investigation within 

the industry in conjunction with the Canadian Petroleum Association. 
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5. Provincial Users  

As has been mentioned elsewhere in this report, the provincial 

authorities are generally responsible for the administration of services 

to the people. The federal agency only gets involved for program financing. 

To actually determine traffic volume levels for each provincial department 

using communications in these small settlements requiresrrovincial partici-

pation. Departments such as Lands and Forests, Tourism, Education and 

Welfare all need good communication facilities because they deal directly 

with their field representatives. (6), (4). 

6. Other Users  

Everyone in the North or remote regions of the South needs 

better communications than he is receiving today. Some examples of groups 

that have provided their own HF networks to maintain contact, that have 

not already been discussed; 

1. Hudson Bay Company 

2. Missionary Groups 

3. Private air freight companies 

4. Shipping companies 

5. Logging companies 

6. Mining companies 

7. Power companies 

8. Resort owners 

In some small villages, there are as many as eight different 

organizations with their own HF radio sets. The unfortunate thing is 

that poor propagation conditions make them all unusable at the same time. 
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In a case like this, one satellite terminal could connect 

with the village telephone system, and the service provided would 

eliminate many of the problems that now exist. At the same time, more 

services would result in addition to better economy for the separate 

agencies involved. •  

(ii) Transportable Units  

1. Ministry of Transport  

Canadian Coastal Radio Telephone Service, through its coast 

stations, provides a public correspondence ratiotelephone message and 

marine telephone service 24 hours daily. The user pays for this service 

on a per minute or per word basis. The booklet on radio telephone service 

released by MOT, April 1970, and revised July 1971, is sold by Information 

Canada, catalogue #T54-2571, (9). This booklet discusses the service 

provided and indicates the factors that affect communications. It states 

that, "under adverse conditions, it is difficult and, at times, impossible, 

to maintain good communication between ship and shore stations". The booklet 

indicates five major reasons for poor results. These conditions are: 

- interference from other sources, 

- sky-wave propagation interference with ground wave, 

- thunderstorm activity, 

- land mass interference, 

- propagation characteristics change as ships approach shore. 

All five of these conditions are characteristics of HF radio 
tfo. 

systems, and could be overcome by a UHF multi-purpose satellite system. 
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This means that a much better service could be provided by changing 

over to the satellite system as part of the continuing program of 

updating. 

The Canadian Coast Guard maintains a sizeable oceangoing fleet 

and also a number of craft on the Great Lakes. These ships require 

excellent communications with their respective control headquarters so 

that rescue operations can be started quickly and tightly controlled. 

The present facilities in use could be improved, especially as the demand 

for assistance in the northern waters is increasing. This northern theatre 

of operations becomes very important as economic development increases, and 

questions of sovereignty arise. A good example is the second voyage of the 

Manhatten, accompanied by a Canadian Coast Guard vessel. A very expensive 

and sophisticated HF radio system was used to get reports from the tanker, 

whereas the Canadian craft newspaper passengers could not get their stories 

sent south, because the communication facilities were not good enough. 

Search and rescue operations at sea are under the authority of the Coast 

Guard, and could benefit from better communications. 

2. Indian-Eskimo Affairs and Northern Development  

The Federal Department of Indian Affairs and Northern Development 

(DIAND) maintains a force of 60 resource officers. These men have large 

tracts of the territories to inspect on a fixed schedule. They travel by 

truck, plane, boat and on foot. They have specific tasks to perform and 

must report to a control point. It is also important for the central control 

point to be able to contact the resource officers. 
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However, the ability to maintain contact at the present time 

depends on communication facilities that have limited range even under 

ideal conditions. The ideal conditions very seldomly exist, and the 

demand for reliable communications goes unsatisfied. 

These resource officers would receive benefit from a transpor-

table UHF multi-purpose satellite system. They could maintain excellent 

telephone quality communications using a battery operated set. 

Better communications would enable DIAND to utilize the limited 

supply of men and machines more effectively. Often a resource officer is 

out of range for his radio and loses contact with his control point for 

hours or days at a time. This situation is also a safety factor in the 

event that the officer became injured while out of touch with home. The 

poor radio propagation conditions often render equipment useless, sometimes 

for a week at a time. 

These resource officers are constantly alert for signs of forest 

fire. If a fire can be detected and reported during the first few hours 

or days of its birth, the damage is less than if the fire were undetected 

for several days. 

3. Energy, Mines and Resources (EMR)  

EMR sends out 260 field parties every summer for varying periods 

of time. Of these 260, about 140, or more than half in any given year, are 

in remote regions of Canada and could use a transportable facility to replace 

the HF radio now in use. The HF radio set is used to contact a local village 



-  19  - 

at least once a day. The satellite facility would permit the field 

party to contact headquarters in Ottawa for the transmission of 

administrative messages and the delivery from the field of experimental 

data to the computer centre. This communication link would enable the 

members of the field party to contact home and be reached by family at 

home in case of emergency or for maintaining family unity while one 

member is on a lengthy stay away from home. 

There are many benefits that would be realized from such a 

system. It is necessary to point out only a few in order to realize the 

potential improvement in the ability of EMR to carry out its tasks. 

Maintaining personnel in the field, including all the asso-

ciated logistics costs such as travel, hotels, food, aircraft charter, 

local help, etc. is expensive. Typical cost for a field mapping party 

in Northern Labrador is about $122 per man-day. The total cost for this 

team of seven came to $66,000 for 2 months. A four man geological mapping 

crew in Yellowknife area had a daily operating cost per man of $73. The 

opportunity to improve effectiveness or reduce time delays by utilization 

of satellite communications is good news to all the different branches of 

EMR that send field parties into remote regions. 

In addition to the requirements during the summer, EMR has a 

similar need for transportable communication sets during the winter months. 

The winter needs would be roughly 30-40 parties. An additional benefit 

that would be even more important during the cold winter months is the 

comfort of knowing that help is only as far away as the phone. 
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4. Royal Canadian Mounted Police (RCMP)  

The RCMP maintains about 200 sets of transportable HF radio 

equipment for use during operations away from base. They also maintain 

a very extensive network of fixed HF radios. Therefore, their transpor-

table unit provides relatively good service. 

However, as costs of manpower increase, the RCMP will find the 

cost of maintaining such a large force of radio operationsvery expensive. 

Then, the UHF concept will permit private telephone service to all villages 

and the transportable units will permit easy access to the telephone network. 

The increased dependability and improved quality will permit the RCMP to 

modernize its operation by using up to date data transmission facilities 

from the remote regions into the national network. 

RCMP benefit from using this transportable facility would be 

important for their role in the North. The availability of transportable 

communications will become increasingly more important as the tourist 

population in remote regions increases. There will be more search parties 

required and more forest fire fighting units to co-ordinate. Therefore, 

the RCMP will need more reliable transportable communications than they 

use at this time. 

5. Petroleum Industry  

In 1969-1970, there were about 100 survey parties in the field 

during the winter, with about fifty in the summer. It could be assumed 

that the demand for transportable communications sets would be one for 

each field party. 
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A potential benefit from using a UHF transportable unit 

would be increased productivity of each field party. The collected 

data could be relayed to a computing centre as it became available 

and the completed analysis could be sent back to the field party. 

Even this simple procedure would eliminate idle waiting time. Call-

backs could be eliminated or reduced because the data originally 

collected could be tested before the field party departed from a test 

site, and any additional measurements could be made immediately. 

The reliability of communications could be improved at least 

20%, since the reliability presently experienced ranges from 50% to 80%. 

In addition to days of impossible communications, there are frequently 

periods throughout the day, when contact with HF equipment cannot be used 

because of interference. This UHF system would be designed for operational 

reliability of 99.9%. The petroleum industry is very interested in pursuing 

the capability for sending data on this system, especially from the field. 

The field personnel could easily use a transportable set, connected 

to the national telephone network to make calls home. While on a field trip, 

the two or three weeks away can seem very long. In the south, the federal 

government pays for one call per week when personnel are on temporary duty 

away from home. Private corporations no doubt have a similar policy. It 

would seem reasonable to assume that consideration would be extended to both 

private and public employees in the remote parts of Canada. 

6. Provincial Users  

Even though the provincial authorities have not been contacted 

for this preliminary evaluation, it is necessary to point out that the 
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provincial departments have a definite need for good transportable 

communications. This need may, like the federal need, disapper 

somewhat as permanent telephone service is installed in every village 

in Canada. In the meantime, a provincial study would yield an indi-

cation of present and future demand for this type of service. 

7. Other Users  

In the Canadian north, many different organizations maintain 

data collection stations. These stations are remote controlled devices 

that can operate without servicing for a period up to six months. They 

collect data on a fixed schedule or at the command of a control centre 

and periodically relay this data to a central receiving station via a 

satellite. This type of data platform can operate with the UHF satellite. 

However, when the time comes to repair these devices, a crew 

has to travel by helicopter or overland to the remote location. During 

this operation, a transportable unit that operates via the same UHF satel-

lite would be invaluable for adjusting, calibrating and testing these data 

collection devices. The transportable set would also improve the speed 

of the maintenance operation as well as improve the safety aspect of the 

operation. (3) 

(iii) Radio Broadcasting  

1. The Canadian Broadcasting Corporation (CBC)  

One meeting was held with CBC representatives. The outcome was 

a statement that if the price was right, the CBC could forsee a use for 

two radio channels and possibly a third. 
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To evaluate the potential benefit entailed, a description of 

the CBC mandate "to develop and to provide a national broadcasting ser-

vice for all Canadians in both official languages, in television and 

radio, and an international service, both of which should be primarily 

Canadian in content and character". 

To measure the benefit of using the proposed UHF satellite to 

carry radio broadcasts to remote parts of Canada entailed finding the 

marginal cost of extending coverage using conventional methods. Data 

from the Estimates publication and data from the CBC internal statistics 

department produced the points for the iraph in Figure 1. This figure 

represents capital cost and not operating costs. (10, 11, 12, 13). 

With the knowledge that the last two percent of the population 

yet to be reached is situated in the places that are hardest to service, 

the law of diminishing returns comes into play. From Figure 1, it is 

clear that $8.5 million will extend the combined English and French radio 

coverage to 99.5% of the population. This coverage is extended for example 

to very few communities with populations less than 500 people. The addi-

tional communities that radio coverage is planned for are 36 French and 84 

English communities with populations down to 500. 

With the UHF multi-purpose satellite system operational any 

community that had the basic telephone package, for an additional $2,000 

could buy a radio pickup. An estimated $8,000 would be needed to purchase 

and install a Low Power Radio Transmitter. (16) Thus, 250 communities 

with populations down to 50 persons could be provided with radio for $2.5 
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million. This is less than 1/3 of the $8.5 M needed to serve only 

half the number of communities by conventional methods. 

It will be necessary to compare 0/M figures for both pro-

posals in detail, but this can only be carried out by the CBé in 

concert with the satellite authorities. 
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4. CONCLUSIONS  

This study was undertaken to provide an initial assessment 

of potential use and benefits that would result if a UHF multi-purpose 

communications satellite were put into operation. The conclusions of 

the study are therefore statements of scope of the requirements, potential 

use of the proposed system, and interest of potential users. Actual use 

will depend on considerations of facilities offered, capacity and timing 

of the sytem. 

The potential use as indicated in Tables III (a) and III (h) 

suggests that the fixed, transportable and marine applications would be 

heavily utilized, and should be included in the final satellite design. 

The present volume of independent HF radio networks maintained 

by federal, provincial and private individuals indicates the need for a 

reliable communication system for the remote regions of Canada. Because 

these are not integrated, a situation has developed whereby some redudancy 

exists. There is no doubt that the UHF satellite concept will provide more 

reliable communications with consistently high quality. Although at this 

time, it is impossible to support cost estimates, it seems likely that a 

consolidated system, operating continuously, would be more economical than 

existing systems. 

Detailed information will have to be provided for potential 

users before commitment can be expected from them concerning their actual 

use. Most users contacted showed interest in the possibility of good, 

reliable communications in the remote areas and would be prepared to 
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carry out analysis of their operations to define potential use and 

benefits so that the operating agency could make more accurate 

revenue predictions. 

The following lists in summary form some of the principal 

benefits envisioned from introduction of the satellite system. 

1. Improved ATC communications at private and MOT airports. 

2. Better beacon signals for flying aircraft navigation. 

3. Improved, more up to date weather data. 

4. Improved lighthouse control at lower operating costs. 

5. Improved service to northern residents when shipping goods. 

6. Improved IAND control over projects in North. 

7. Improved operating of National Parks. 

8. Reduced overhead communication costs for northern companies. 

9. Consolidated northern communication network. 

10. Flexible communications for new areas under development. 

11. Improved office operations with use of facsimile copiers. 

12. Reduced travel costs and associated time wasted on the road. 

13. Improved reliability of communications would reduce number 

of emergency evacuations and reduce the needless use of 

hospital facilities. 

14. Improved medical service with better contact between doctor 

and patient. 

15. Improved morale of northern medical staff with reduced staff 

turnover. 

16. Reduced travel costs for medical staff. 
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17. Better control of Welfare programs in the remote regions. 

18. Reduced communication costs and improved control over 

operations for petroleum companies. 

19. Potential use for gas pipeline control. 

20. Reliable communications for industry on a temporary basis 

during the construction phase of northern operations. 

21. Improved communications for provincial operations. 

22. Reduction of duplication in communications equipment in 

small villages. 

23. Hopefully, better maintenance care if all users had the 

same type of equipment, so that maintenance crews could 

become proficient in repairing the equipment. 

24. Improved commercial ship to shore and shore to ship telephone 

service. Also improved coverage over a larger section of the 

ocean. 

25. Improved Coast Guard operation with better communications. 

26. Better communications for IAND resource offices which improves 

operation as well as safety. 

27. Improved forest fire control. 

28. Improved operation for field survey mapping parties and 

geological survey crews. Reduced number of call-backs for 

additional data collection. 

29. Field parties could reach the National Telephone network 

using a transportable terminal. 

30. Reduced field party costs since waiting time could be reduced. 

31. Improved factor of safety from more reliable communications. 

32. Reduced operation and maintenance costs for the RCMP radio 

network by replacing it with a telephone network via satellite. 
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33. RCMP operations will benefit from modernized communication 

facilities in remote regions. 

34. Increased control over search parties when equipped with 

transportable telephone sets. 

35. Increased productivity of petroleum and mining company 

survey crews. 

36. Collection of timely data from remote unmanned data sensors 

at a reasonable cost. 

37. Communications for mobile maintenance crews in remote regions 

for calibrating and testing field monitors. 

38. Reduced radio broadcasting costs in remote areas. 

39. Improved contact between remote communities with reliable 

telephone service. 

40. Better HF radio propagation as the number of HF radio sets 

is reduced. 

41. Introduction of reliable telephone service between the northern 

and southern residents of Canada. 

In conclusion, the extent of potential benefits available through 

introduction of the satellite system appears to be substantial. 
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Service Capabilities of a Multi-Purpose UHF  
Satellite Communications System for Use With Small Teminals  

The UHF satellite communications system which has been modelled 
by the Department of Communications is intended to meet a variety of 
communications needs in remote areas of Canada. The needs are all of a 
low capacity, typically a telephone voice channel or less and are geographically 
widely dispersed. The system has been designed so that the ground terminals are 
small in size (less than 6 feet in diameter) and comparatively low in cost to 
permit their wide deployment. 

The specific services which the system could provide are: 

- telephone and message service to fixed stations in remote 
communities 

- radio program distribution for rebroadcasting in remote 
communities 

- telephone and data service to transportable stations used 
by field parties 

- voice and data service to mobile stations on ships 

- voice and data service to Canadian armed forces aircraft 

- data transmission service from remote environmental sensor 
platforms 

- monitoring service for emergency position indicating radio 
beacons 

These services are described in more detail in the paragraphs which follow. 

Fixed Community Stations  These stations would provide the long-distance 
interconnection between remote communities which are presently served by 

high frequency radio, with the major difference being that quality and 
reliability would be similar to the telephone service available in southern 
Canada. Communications between remote communities and between these 
communities and the national telephone network would be possible. 'The 
entire range of services normally available via telephone systems, including 
message, data, and facsimile could be available wherever a station existed. 
For communities with local telephone networks, the station would be integrated 
with the network and would be available from any telephone. Use of the 
service available from the station would be subject to charges in the same 
manner as long distance services. 

Radio Program Distribution  Several channels could be made available for 
distribution of radio programs for local rebroadcasting so that they could 
be received with normal home receivers. The receiving stations in the 
community for the satellite radio channels could be most economically provided 
as a module (estimated to cost less than $2000) in the fixed telephone station. 
Otherwise, off-the-shelf equipment suitable for receiving is known to be 
available for less than $8000. 
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A feature possible with the system is that programs can be originated 
from the remote areas either via a transportable station or via a suitably 
modified fixed telephone station. 

Transportable Stations  These are stations which are designed to be easily 
moved and placed into operation within minutes by persons with a minimum of 
training. The antenna would typically be a tripod mounted helix and the 
electronics package would be about one cubic foot in size. Quality of 
service would be somewhat lower than good telephone quality, but should 
nevertheless prove very satisfactory. Reliability would be at least 99%. 

Transportable stations would find civilian application for field 
parties engaged in surveying and resources exploration, law enforcement, 
disaster control, (such as control of forest fire fighting resources), 
installation of equipment in remote areas, construction, and any other 
temporary activity in the north. 

Mobile Stations  Ship mobile stations would be similar to the transportable 
stations, with antenna repointing required for changes in direction greater 
than about 20 degrees. Aircraft mobile stations would use omnidirectional 
antennas, with no gain. Since this places a heavy drain on the satellite 
resources, only one or two channels can be provided for this service. In 
addition to being of limited availability, it would also be expensive and is 
not considered suitable for domestic aircraft. 

Data Transmission Service from Remote Sensors  This service is similar to 
that being tested experimentally in 1974 with the GOES satellite. Small, low 
cost (less than $5000) transmitters can be used to transmit the small amounts 
of data collected by remote sensors making hydrologic, meteorologic, and other 
similar measurements. These data could be centrally collected, automatically 
processed, and made available to users computers in near real-time. This is 
in contrast to present methods where, because of lack of suitable communications, 
data is usually recorded, manually retrieved, and hand processed for entry into 
computers, with delays of one to two months. Real time availability makes 
possible productive new applications of the data. For some sensors, such as 
those used for weather and flood forecasting, real-time data is essential and 
is presently provided by costly conventional communications methods. 

Emergency Beacon Monitoring Since a geostationary satellite can be "seen" 
for 24 hours a day from all but the extreme northern tip of the Arctic Islands, 
it is an ideal way of monitoring for signals from emergency position indicating 
radio beacons. A special frequency allocation for such a service was made at 
the 1971 World Administrative Radio Conference, and suitable beacon transmitters 
for use with aircraft, boats, or even land parties are under active development 
in the United States. Since Canada has a vast remote area, such a service 
would be of great importance. 
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Ministry of Transport Communications (HF Radio) 

There are two parts to the information presented in this appendix 
concerning the communications of the Ministry of Transport. Both parts have 
been reproduced from a survey completed by the Government Telecommunications 
Agency (1970). 

The data in part one indicate the present system size and operating 
costs. Projections are made based on expected growth through 1975, D of MOT. 
This growth does not reflect any stimulation effect caused by improved communication 
developments. The table doesn't reflect the cost of salaries or building 
accommodation. 

The second part demonstrates the range of radio systems 
the MOT uses and maintains for other departments and agencies. For example: 
#7 is a commercial network, #17 is for lighthouse use, #18 is for private 
users who pay MOT for its use, #24 is for weather data, and so on throughout 
the table. 
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MOT HF RADIO NETWORK 

Summary and Projection  

No. of 	No. of 	Misc.0p. 	Eq. 	Maint. 	Total 
Year 	Systems Stations Costs 	Lease Costs 	Recurring 

1970 	86 	321 	8256. 	8371. 23031. 	39658. 

1971 	92 	355 	8600. 	8955. 24610. 	42165. 

1972 	98 	379 	8900. 	9581. 26330. 	44811. 

1973 	105 	405 	9200. 	10251. 28170. 	47621. 

1974 	112 	433 	9500. 	10968. 30140. 	50608. 

1975 	120 	463 	9800. 	11735. 33240. 	53775. 

Source: MOT response to GTA Questionaire 1970. 
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No. 	Location 	No. and Type 	Monthly Cost 	Use 

1. BC 	1 Fixed V&D 	30.00 	 VOR 

2. BC 	1 Fixed V&D 	30.00 	 VOR 

3. BC 	1 Fixed V&D 	20.00 	 VOR 

4. BC 	1 Fixed Data 	20.00 	 ICS 

5. BC 	5 Fixed Voice 	30.00 	Airops B/U 

6. BC 	4 Fixed Voice 	25.00 	Airops 

7. BC 	3 Fixed Voice 	20.00 	Commercial 

8. BC 	11 Fixed Voice 	60.00 	Lighthouse 

9. BC 	7 Fixed Voice 	40.00 	Lighthouse 

10. BC 	8 Fixed Voice 	45.00 	Lighthouse 

11. BC 	5 Fixed Voice 	30.00 	Lighthouse 

12. BC 	1 Fixed Voice 	10.00 	11 private 

13. BC 	5 Fixed Voice 	20.00 	Lighthouse 

14. BC 	2 Fixed Voice 	20.00 	Lighthouse 

15. BC 	1 Fixed Voice 	10.00 	6 private 

16. BC 	1 Fixed Voice 	10.00 	40 private 

17. BC 	2 Fixed Voice 	20.00 	Lighthouse 

18. BC 	1 Fixed Voice 	10100 	42 private. 

19. BC 	3 Fixed Voice 	20.00 	Met traffic 

20. BC 	1 Fixed Voice 	10.00 	20 private 

21. BC 	1 Fixed Voice 	60.00 	10 private 

22. BC 	3 Fixed Voice 	20.00 	Lighthouse 

23. BC 	2 Fixed Voice 	15.00 	Met data 

24. BC 	2 Fixed Voice 	10.00 	Met data 

25. BC 	2 Fixed Voice 	10.00 	Met data 

• • • • / 
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BC 

BC 
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26. 

27. 

28. BC 

29. NWT 

30. ' 	NWT 

31. NWT 

32 	NWT 

33. NWT 

34. Alta, NWT 

35. Alta, NWT 

BC, Alta,Sask. 

Alta, NWT 

BC, Yukon • 

NWT 

Yukon 

Man,Que,NWT. 

SASK. 

NWT 

NWT 

Man, Quebec 

NWT 

Man. 

NWT 

Sask. 

ONT. 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

6 Fixed Voice 

6 Fixed Voice 

7 Fixed Voice 

9 Fixed Voice 

2 Fixed Voice 

6 Fixed Data 

2 Fixed V&D 

5 Fixed Data 

2 Fixed Voice 

4 Fixed Voice 

6 Fixed Voice 

3 Fixed Voice 

5 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

10.00 

8.00 

8.00 

100.00 

135.00 

135.00 

135.00 

325.00 

900.00 

10.00 

250.00 

275.00 

325.00 

425.00 

15.00 

3306.00 

200.00 

4281.00 

200.00 

800.00 

2000.00 

1800.00 

2200.00 

	

1200.00 	Met 

	

1000.00 	Met. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

Met, data  

Maintenance 

Maintenance 

Admin. 

Met, data  

Airops 

Backup 

Airops 

Met,facsimile 

Met,  facsimile 

Batkup 

Backup 

Backup 

Backup 

Maintenance 

Airops 

VOR 

Admin. 

Met. 

Airops 

Admin. 

Admin. 

Backup 

• • • • / 



NO. 	Location 	No. and Type  

Page 4 

Monthly Cost  Use 

APPENDIX II  (7) 

51. NWT 	 2 Fixed Data 	 1113.00 	Airops 

52. Sask. 	 2 Fixed Voice 	1000.00 	Met. 

53. Ont. 	 2 Fixed Data 	 2500.00 	Radar 

54. Ont. 	 9 Fixed Voice 	 900.00 	Backup 

55. Ont. 	 2 Fixed V&D 	 1200.00 	NAB 

56. Man.,Que.,NWT 	5 Fixed Data 	 1029.00 	Airops 

57. Quebec 	 6 Fixed Data 	 1229.50 	Airops 

58. Quebec, NWT 	2 Fixed Data 	 195.00 	Admin. 

59. Quebec 	 3 Fixed Data 	 307.00 	Admin. 

60. Quebec, NFLD 	4 Fixed Data 	 20.00 	Maint. 

61. Quebec, NS,NFLD 	3 Fixed Voice 	 15.00 	Maint. 

62. NS., NFLD. 	5 Fixed Voice 	 25.00 	Main. 

63. NS 	 10 Fixed Voice 	 60.00 	Lighthouse 

64. NS 	 8 Fixed Voice 	 40.00 	Lighthouse 

65. NS. 	 5 Fixed Voice 	 25.00 	Lighthouse 

66. Quebec, NS. 	3 Fixed Voice 	 15.00 	Lighthouse 

67. NS., P.E.I. 	3 Fixed Voice 	 15.00 	Lighthouse 

68. N.B., N.S. 	9 Fixed Voice 	 45.00 	Lighthouse 

69. N.S. 	 4 Fixed Voice 	 30.00 	Lighthouse 

70. NFLD 	 5 Fixed Voice 	 45.00 	Lighthouse 

71. NFLD 	 6 Fixed Voice 	 30.00 	Lighthouse 

72. NFLD 	 3 Fixed Voice 	 15.00 	Lighthouse 

73. NFLD 	 13 Fixed Voice 	 65.00 	Lighthouse 

74. NFLD 	 4 Fixed Voice 	 20.00 	Lighthouse 

75. N.S. 	 3 Fixed Voice 	 15.00 	Nav. Info. 
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moyütlay .  Co'st 	Use 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

NFLD 

NFLD, NWT 

N. S. 

 N.S. 

Ont. 

Ont. 

Ont. 

N.S. 

N.B. 

F$C 

Quebec 

2 Fixed Voice 

2 Fixed Voice 

6 Fixed Voice 

6 Fixed Voice 

2 Fixed Voice 

2 Fixed Voice 

2 Fixed V&D 

2 Fixed V&D 

2 Fixed V&D 

4 Fixed Data 

9 Fixed Voice 

10.00 

320.00 

30.00 

220.00 

20.00 

20.00 

20.00 

20.00 

96.00 

110.00 

8371.00 

Nav. Info. 

Admin. 

Lighthouse 

Admin. 

Lighthouse 

Lighthouse 

Lighthouse 

Foghom 

Lighthouse 

Foghom 

Marine traffic 

Source: MOT response to GTA questionnaire 1971. 
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Indian and Eskimo Affairs and Northern Development Communications  

This list of radio systems is reproduced from the IAND response 
to the 1970 Government Telecommunications Agency Survey. The table indicates 
the four main uses for LAND HF radio systems: Indian reserves network, 
fishing network, fire control, and national parks management. 

The list indicates the location of the network, what type of 
equipment (fixed, mobile or transportable) is used and the monthly cost 
(maintenance and rental) without the cost of operators or building expenses. 

IAND estimates are made for 1975 requirements in new national 
parks. 
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DEPARTMENT OF INDIAN-ESKIMO AFFAIRS AND NORTHERN DEVELOPMENT  

HF RADIO SYSTEMS  

Trans- 	Monthly 
No. 	Location 	 Fixed  Mobile portable  Cost  

	

1 	Indian Reserves 	 5 	100. 

	

2 	Indian Reserves (Ontario) 	5 	 50. 

	

3 	Manitoba Fishing Station 	12 	8 	 200. 

	

4 	Alberta 	 1 	15. 

	

5 	B.C. Fire Control 	 2 	4 	3 	10. 

	

6 	Cape Breton Highland 
National Park (N.S.) 	 13 	18 	8 	500. 

	

7 	Fundy National Park (N.B.) 	10 	14 	4 	- 

	

8 	Ketimkujic National Park 	1 	7 	11 	- 
(N.S.) 

	

9 	P.E.I. National Park 	 8 	6 	4 	- 

	

10 	Terra Nova National Park 	3 	14 	8 	- 
(Nfld) 

	

11 	Ontario National Park 	 2 	6 	4 	65. 

	

12 	Banff National Park 	 16 	40 	38 	400. 

	

13 	Elk Island National Park 	6 	9 	4 	100. 
(Alberta) 

	

14 	Jasper (Alberta) 	 23 	33 	30 	300. 

	

15 	Kostenay National Park 	8 	13 	9 	150. 
(B.C.) 

	

16 	Mount Revelstoke and 	 10 	26 	17 	715. 
Glacier National Park 

	

17 	Prince Albert National Park 	14 	20 	15 	200. 
(Saskatchewan) 

	

18 	Riding Mountain National Park 17 	25 	22 	190. 
(Manitoba) 

	

19 	Waterloo Lakes National Parks 5 	14 	9 	100. 
(Alberta) 

	

20 	Wood Buffalo National Park 	14 	8 	11 	200. 
(N.W.T.) 

	

21 	Yoko National Park (B.C.) 	8 	22 	14 	180. 

	

22 	Forest Fire Control (Yukon) 	37 	44 	76 	800. 

TOTALS FOR 1970 	 214 	331 	293 	4,195. 

Add For New National Parks 	8 	52 	68 

TOTALS FOR 1975 	 222 	383 	361 
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Saskatchewan Northern 
Fort Qu'Appelle 
North Battleford 

Pacific Northwestern 
Northeastern 
South Mainland 
Vancouver Island 
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NHW Potential Uses and Benefits 

from 

UHF Multi-Purpose Satellite Communication 

This submission has been prepared by Medical Services, Department of 
National Health and Welfare at the request of the Space Systems Planning 
Branch of the Department of Communications. 

The submission has been prepared with the understanding that much of the 
information supplied is purely the result of estimates and can in no way be 
considered as firm commitments. The reason for this initial estimate is that 
DOC required an example of an analysis of potential use and benefits, so that 
a formal request for information might be more productive. 

Medical Services Branch operates a Northern Health Services program 
which provides a total medical service to all residents of the two Territories 
and an Indian Health program which provides a health service to the majority 
of Indians in the provinces. 

For the purpose of administering the health services program, the 
country has been divided into eight Regions generally on the lines of 
provincial  boundaries, and are as follows: 

Region 	 Zones 

Atlantic 	 Moncton 
Halifax 

Quebec 	 Quebec North. 
Montréal 
Quebec South 

Ontario Sioux Lookout 
Thunder Bay 
Moose Factory 
Southern Ontario 

Manitoba 	 Manitoba North 
Manitoba South 

Alberta 	 no Zones 



Northern Baffin 
Inuvik 
MacKenzie 
Keewatin 
Yukon 
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A complete listing of the facilities in each Region and Zone is 
in Appendix A attached--"Indian and Northern Health Services Facilities 
Listing". 

The total cost of the programme is about $45 million--there is a 
simple breakdown included for the purpose of illustration in Appendix B-- 
"Northern Health Services, Sample Budget". 

The program maintains six different types of medical facilities: 

1. Hospital 
2. Clinic 
3. Nursing Station 
4. Health Centre 
5. Health Station 
6. Health Office. 

A definition of each of these terms can be found in Appendix C--"Medical 
Services Terminology". 

The Branch has professionally trained staff at the hospitals, clinics, 
nursing stations and health centres, and at the health stations a Community 
Aide with limited training is usually employed on a part time basis. Physicians 
visit all facilities where nurses are employed and physicians and nurses visit 
all communities that come under the jurisdiction of the facilities. 

Since scheduled flights are infrequent to and from the isolated communities 
in the North, it is often necessary to charter aircraft and due to the high cost 
of these charters and the degree of urgency usually associated with the chartering 
of aircraft, a reliable system of communication is vitally necessary. 

At the present time the communications are of poor quality, except in 
areas where upgrading has taken place recently. Even the new radio equipment 
suffers from periods of poor  transmission. This can result in radio contact 
possible between 50% and 80% of the time. Often when contact is possible the 
reception is poor. The radio sets do not permit good quality data transmission 
on a reliable basis, although some sophisticated sets do at  •the present time 
pass graphical data. 

Presently the Health Services program maintains dedicated radio networks 
of their own, consisting of 55 stations. These are Sioux Lookout Zone and 
Northern Manitoba. The quality is rated by NeW as good, which means contact 
can be made about 75% of the time. These systems cost a total of $5,640 per 
year for equipment lease. In addition there are 6 operators on annual salaries 
totalling $30,000. 
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It is anticipated that there would be an increase in the number of 
calls made if the system was satisfactory and enabled calls to be made from 
station to station, and could be as much as 10%. This has been proven in the 
past where new and more efficient systems have been installed, particularly 
if the system is more economical. 

In the remaining areas where Health Services maintain establishments, 
telephone service is provided by commercial carriers, either by landline, 
microwave system or some type of radio telephone system. 20% of these 
locations are serviced by radio telephone. According to a survey made by 
the Communications Research Centre the level of service provided is terrible. 
On the average, 50% of the calls attempted could not be completed either 
because contact was not possible or the quality was unacceptable. 

In these areas, as well as the areas where poor quality landline 
service is provided, annual costs for service are $880 on average. 

The number of calls could be expected to increase by a factor of 
0 to 10% if good quality, reliable and economical service were provided. 

This increased telephone contact would enable the medical staff to 
provide increased medical health service delivery. One could estimate the 
increased benefit by assuming that more ailments could be treated locally 
and more medication dispensed. At the same time patient contact with the 
doctor could increase by use of the telephone. 

The foregoing is related to potential use and benefits of telephone 
and radio communication, and a further question is what about television 
for telemedicine or staff training and diagnosis? 

As no estimate of costs are available at this time, it is difficult 
to estimate to what extent this type of communication would be used. It is 
expected, however, that advantage would be taken of any means of communication 
that becomes available if it is economically feasible and the quality of 
transmissions are satisfactory. 

With the ability to contact Toronto from the Fox Lake nursing station, 
training tapes or programs from the medical school could be used. This 
benefit could be measured in terms of possible decreased staff turnover or 
in increased hours of training. 
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ATLANTIC REGION  

NOVA SCOTIA  

Clinics. 	 Halifax 

Health Centres 	 Eskasoni 
Shubenacadie 

Health Offices 	 Middle River 
Whycocomagh 

Community Health Workers 	1 (Eskasoni) 

Community Aides 	 Nil 

NEW BRUNSWICK  

Clinics 

Health Centres 

Health Offices 

Community Health Workers 

Community Aides 

Saint John 

Big Cove 
Chatham 
Kingsclear 

Burnt Church 
Kingsclear 

2 (Big Cove & 
Burnt Church) 

Nil 



Health Centres  Amos 
Birsimis 
Caughnawaga 
Eastmain 
Fort George 
Ivujivik 
Manowan 
Mistassini 
Obedjiwan 
Point Bleue 
Restigouche 
Sanmaur 
Schefferville 

Health Stations  Eastmain 	H/C 1973/4 
Ivujivik 	 1973/4 
Lac Simon 
Mingan 	H/C 1973/4 
Rapid Lake 
Winneway 

1973/4 

1973/4 

Community Aides  Fort George 
Paint Hills 
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QUEBEC REGION  

Nursing Stations  Great Whale 
Inoucdjovac 
Paint Hills 
Povungnituk 
Rupert's House 
Romaine 
Sugluk 

Community Health Workers 	Rupert's House 

Zones South 
North 
Montreal 
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Sioux Lookout Zone  

Hospitals  

Clinics  

Nursing Stations  

Health Centres  

Other Stations  

Sioux Lookout 

Sioux Lookout 

Big Trout Lake 
Lansdowne House 
New Osnaburgh 
Pikangikum 
Round Lake 
Sandy Lake 
Fort Hope 

Fort Hope H/S 
Lac Seul H/S 
North Spirit Lake H/S 
Pickle Lake H/S 
Webique H/S 

Community Health Workers  Big Trout Lake 
Sandy Lake 

Community Aides  

Thunder Bay Zone 

Clinics  

Angling Lake 
Bearskin 
Cat Lake 
Fort Severn 
Kasabonica 
Ogoki 
Whitedog 
Wunnimum 

(April 1, 1970) 

Manitowaning 

Nursing Stations  

Health Centres  Fort Frances 
Geraldton 
Kenora 
Little Current 
Port Arthur 
Sault Ste Marie 
Sudbury 
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ONTARIO REGION  

Thunder Bay Zone (con't) 

Other Stations  Gull Bay 
Pic Heron (1970) 

Community Health Workers  Couchiching (Fort Frances) 
Fort Frances 
Manitowaning 

Community Aides  Blind River 
Lac La Croix 
Longlac 
Mattagami 
Mountbatten 
Pic Mobert 
Shoal Lake 
Whitefish Bay 

Moose Factory Zone  

Hospitals 	 Moose Factory 

Clinics 	 James Bay 

Health Centres 	 Fort Albany 

Other Stations 	 Kashechewan 
Winisk 

Community Health Workers  

Community Aides  

Southern Ontario Zone  

Clinics  

Health Centres  

Other Stations  

Community Health Workers  

60mmunitv Aides  

Winisk 

Ohsweken 

Chipawa Hills 
Muncey 
Orillia 
Parry Sound 
St. Regis 

Christian Island ea 
Kettle Point H/S9 
Walpole Island H/S 
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'MANITOBA  RrGION  

MEDICAL SERVICES FACILITIES 

Manitoba North  

Hospital  

Nursing Stations  

•Healthneentres  

Health Stations  

Health Offices  

Community Health 
Workers 

Community Aides  

Norway House 

Brochet 
Cross Lake 
Garden Hill 
God's Lake Narrows 
Nelson House 
Oxford House 
Poplar River 
Pukatawagan 
St. Therese Point 
Shamattawa 
Split Lake 
South Indian Lake 

Norway House 
The Pas 

God's River 
Red Sucker Lake 
Wassagamach 
York Landing 

Guy School. Guy 

Cross Lake (2) 
Garden Hill (2) 
God's Lake Narrows 
Nelson House 
Norway House (2) 
Oxford House 
Poplar River 
Pukatawagan 
St. Therese Point 
Split Lake 
South Indian Lake 
The Pas 
Wassagamach 

Brochet 
God's River 
Granville Lake 
Red Sucker Lake 
Wassagamach 
York Landing 

Hill. 
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MANITOBA REGION  

MEDICAL SERVICES FACILITIES 

Manitoba South  

Hospital 	 Fisher River 

Nursing Stations 	Little Grand Rapids 

Health Centres 	Berens River 
Blookvein 
Brandon 
Dauphin 
Fisher River 
Lake Manitoba 
Little Saskatchewan 
Portage La Prairie 
Pine Falls 
Russell 
Sandy Bay 
Winnipeg 

Health Stations  

Health Offices  

Fairford 
Jackhead 
Pauingassi 
Rolling River 
Roseau River 
Sioux Village 
Swan Lake 

Birdtail Sioux 
Crane River 
Dog Creek (Lake Manitoba) 
Ebb & Flow 
Fisher River School 
Hollow Water 
Keeseekoowenin 
Lake St. Martin 
Little Black River 
Long Plain 
McKay Student Residence (Dauphin) 
Oak Lake 
0o-Za-We-Kun (Rivers) 
Sioux Valley 
Valley River 
Wate  rien  
Waywayseecappo 
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Community Aides  

Berens River 
Ebb & Flow 
Fisher River 
Jackhead 
Little Grand Rapids 
Littaê Saskatchewan 
Pine Falls 
Roseau River 
Sioux Valley 
Swan Lake 
Waterhen 
Waywavseecappo 

Bloodvein 
Crane River 
Fairford 
Hollow Water 
Jackhead 
Keeseekoowenin 
Pauingassi 
Waterhen 

Manitoba South  (cont'd) 

Community Health 
Workers 
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SASKATCHEWAN REGION  

'MEDICAL SERVICES FACILITIES 

Hospitals 	 Fort Qu'Appelle 
North Battleford 

Pewcan Narrows 

Health Centres  

Health Stations  

Broadview 
Fort Qu'Appelle 
Kamsack 
La Ronge 
Meadown Lake 
North Battleford 
Onion Lake 
Prince Albert 
Stony Rapids 

Beardys 
Beaver Lake (P. Ballantyne) 
Big River (2) 
Black Lake (Stony Rapids) 
Canoe Lake 
Carry the Kettle 
Daystar 
Deshanbault (P. Ballantyne) 
Fishing Lake 
Fond du Lac 
Gordon's 
James Smith 
Joseph Bighead 
Kakhewistahaw 
Keeseekoose 
Key 
Kinistino (Chagoness) 
Kitsaki (La Ronge) 
La Loche 
Little Black Bear 
Little Pine and Luckyman 
Little Red River 
Loon Lake 
Mistawasis 
Montreal Lake 
Moosomin 
Mosquito 
Mudie Lake 
Muscowpetung 
Muskowekwan 
Musmeg Lake 
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Health Stations (cont'd) 

Nut Lake 
Ochapawace 
Okanese 
One Arrow 
Onion Lake 
Pasqua 
Patvanak 
Pelican Lake 
Piapot 
Poorman 
Poundmaker 
Red Earth 
Red Pheasant 
Sakimay 
Sandy Lake 
Southend Reindeer (P. Ballantyne) 
Stanley Mission . t 
Standing Buffalo 
Star Blakket 
Sturgeon Lake 
Sturgeon Landing (P. Ballantyne) 
Sweetgrass 
Thunder Child 
Waterhen 
Whitebear 
Wollaston Lake (Lac La Hache) 

Health Offices  Cote 
Cowessess 
Dillon (Peter Pond) 
John Smith (Muskoday) 
Peepeekesis 
Witchekan 

Prince Albert 
Gordon's 
James Smith (T) 
La Ronge 
Mistawasis (T) 
Mosquito 
Mus contetung 
Muskeg Lake (T) 
Onion Lake 
Pelican Narrows 
Piapot 
Red Earth . 
Sakimay 
Shoal Lake 
Thunder Child 
Whitebear 

Community Health 
Workers 
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Community Aides  Beardys 
Fond du Lac 
James Smith 
Co-op Point 
Stanley Mission 
Mistawasis 
Montreal Lake 
Muskeg Lake 
One Arrow 
Deschambault 
Southend Reindeer 
Sturgeon Landing 
Red Earth 
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ALBERTA REGION  

MEDICAL SERVICES FACILITIES 

Hospitals  

Nursing Stations  

Black foot  
Blood 
Charles Camsell 

Assumption 
Fort Chipewyan 
Fox Lake 

Health Centres  

Health Stations  

Health Office  

Bonnyville 
Calgary 
Cardston 
Driftpile 
Edmonton 
Gleichen 
Goodfish Lake 
Hobbema 
John D'or 
Peigan 
Rocky Mountain House 
Saddle Lake 
Sturgeon Lake 

Alexander 
Alexis (Glenevis) 
Bighorn (T) 	(T) 
Fort McKay 	(T) 
Frog Lake 
Garden River 	tT) 
Habay 
Janvier 	 (T) 
Kehewin 	 (T) 
Meander River 	(T) 
Paul Band 
Peerless Lake 
Stony 
Sunchild/O'Chiese 
Tallcree 	 (T) 
Trout Lake 	(T) 

Eden Valley 
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Community Aides  

Assumption 
Bigstone 
Cardston 	 (2) 
Driftpile 
Edmonton 	 (2) 
Fort Chipewyan 
nleichen 
Goodfish Lake 
Hobbema 	 (2) 
Kehewin 
Peigan 
Rocky Mountain House 
Saddle Lake 
Sturgeon Lake 
Sunchild/O'Chiese 

Bighorn 
Fort McKay 
Garden River 
Janvier 
Peerless Lake 
Chipewyan Lake 

Community Health 
Workers 	 
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PACIFIC REGION  

NORTH WESTERN ZONE - PRINCE RUPERT 

M.S. FACILITIES 

Health Centres  Bella Bella 
Bella Coola ? 
Hazelton 
Massett 
Port Simpson 
Prince Rupert 
Terrace 

Health Stations 	Aiyainsh 
Fort Babine 
Greenville 
Hartley Bay 
Kincolith 
Klemtu (Kitasoo) 
Dolphin Island (Kitkatla) 
Kitwancool 
Oweekano (Rivers Inlet) 
Telegraph Creek 
Iskut Lake (Eddontenajon) 
Takla Lake 

Community Aides  

Bella Bella 
Bella Coola 
Hazel  ton 
Kitamaat 
Massett 
Port Simpson 

Fort Babine (L/D) 
Hartley Bay (L/D) 
Kitamaat 
Kitsegukla 
Klemtu. 
Massett 
Oweekano 
Port Simpson 
Skidegate 
Takla Lake 
Telegraph Creek (L/D) 
Iskut Lake (L/D) 
Kitimat 

Community Health 
Workers 



Aide H/C 
H/C 
H/C 

H/ S 

H/ S 

H/S 

H/C 
H/C 
H/C 
H/C 
H/C 
H/C 
H/C 
H/C 
H/C 

H/C 
H/C 
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PACIFIC REGION 

NORTH WESTERN ZONE - PRINCE RUPERT 

POP. 	RESERVE/LOCATION  MEDICAL SERVICE FACILITY  

AIDE TYPE PARENT UNIT  

BAND 

H/C 
H/S 

H/S 
(P) 
H/S 

(P) 
(P) 
H/S 

H/C 

H/S 
H/C 

H/S 
H/S 
H/S 

Babine Lake 
Bella Bella 
Bella Coola 
Canyon City 
Gitlakdamix 
Glenvowell 
Greenville 
Hagwilget 
Hartley Bay 

Hazelton 
Kincolith 

Kispiox 
Kitasoo 
Kitimat 
Kitkatla 

Kitsegukla 
Kitselas 
Kitsumkaylum 
Kitwancool 
Kitwanga 

Massett 
Metlakatla 

Moricetown 
Nasscamp 
Oweekano 
Port Simpson 
Skidegate 
Tahitan 
Tahltan 
Takla Lake 
Ulkatcho 

	

77 	Fort Babine 

	

949 	Bella Bella 

	

505 	Bella Coola 

	

114 	Kitwilluchsilt #7 

	

563 	Aiyansh #1 

	

135 	Glenvowell #2 

	

441 	Lachkalstap #49 

	

123 	Hagwilget (Tsitsk) 

	

212 	Kulkaya #4 (Hartley Bay) 

400 	Hazelton #1 
365 	Kincolith #4 

434 	Kispiox #1 
233 	Klemtu (Kitasoo) 
654 	Kitimat 
414 	Kitkatla (Dolphin Is.) 

Kitsegukla (Skeena Crossing) 
Kitselas #1 
Kitsumkaylum #1 
Kitwancool #1 
Kitwanga #1 

Massett #1 
Tsimshian #2 

	

365 	Moricetown #1 & Coryatsaqua 

	

300 	Non-Indian 

	

79 	Katit (Rivers Inlet) 

	

821 	Port Simpson #1 

	

358 	Skidegate 

	

245 	Telegraph Creek 

	

186 	Eddontenajon (Iskut Lake) 

	

261 	Takla Lake 

	

100 	Squinas #2 (Anahim Lake) 

Hazelton 
Bella Bella 
Bella Coola 
Terrace 
Terrace 
Hazelton 
Terrace 
Hazelton 
Prince 
Rupert 

Hazelton 
Prince 
Rupert 

Ilazelton 	H/C 
Bella Bella H/C 
Terrace 	41/C 
Prince 

Rupert 
Hazelton 
Terrace 
Terrace 
Hazelton 
Hazelton 

Massett 	H/C 
Prince 	H/C 

Rupert 
Hazelton 	H/C 
Terrace 	H/C 
Bella Bella H/C 
Port Simpson H/C 
Massett 	H/C 
Terrace 	H/C 
'Terrace 	.H/C 
Hazelton 	H/C 
Bella Coola H/C 

305 
40 
58 

229 
261 
77 

1028 
70 

H/C 
H/C 
H/C 
H/C 
H/C 
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PACIFIC REGION 

NORTH EAST ZONE - PRINCE GEORGE 

M.S. FACILITIES 

Health Centres 

Health Stations  

Alexis Creek 
Prince George 
Williams Lake 

Alkali Lake 
Anahim Lake 
Anaham 
Blueberry River 
Canoe Creek 
Dog Creek 
Doig River 
Fort Ware 
Halfway River 
Ingenika Sett. 
Lake Babine 
Nazko 
Nemiah Valley 
Prophet River 
Stone 
Stuart Portage (1972) 
Tachie 

Alexis Creek 
Anaham 
Fort Nelson 
Necoslie 

Community Health 
Workers 

Community Aides 	Alexis Creek (3) 
Alkali Lake 
Canoe Creek 
Prophet River 
Blueberry River 
Doig River 
Halfway River 
McLeod Lake 
Nazko 
Stone 
Stony Creek 
Tachi .  
Williams Lake (2) 
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PACIFIC REGION  

VANCOUVER ISLAND ZONE - FACILITY LISTING 

Health Centres  Alert Bay 
Duncan 
Tofino 

Clinics 	 Nanaimo 

Health Stations 	Kyuquot 
Kingcome Inlet 
Ucluelet 1971/72 
Kuper Island 1971/72 
Ohiaht 1971/72 
Ahousaht 
Churchouse 

Community Health 	Ahousaht 

Workers 	Alert Bay 
Duncan 

Community Aides  Churchouse (Homalco) 
Fort Rupert (L/D) (Kwawklewth) 
Gilford Is. (L/D) 
Hot Springs Cove (Hesquiat) 
Kingcome Inlet (Tsawataineuk) 
Kuper Island (Penelakut) 
Kyuquot 
Port Alberni (2) Sheshaht -Opetchesaht 
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NORTHERN REGION  

MEDICAL SERVICES FACILITIES 

Baffin Zone  

Hospitals  

Clinics  

Nursing Stations  

Frobisher Bay 

Frobbieler Bay 

Arctic Bay 
BroUghton Island 
Clyde River 
Hall Beach 
Igloolik 
Lake Harbour 
Pagnirtung 
Pond Inlet 
Port Burnell 
Resolute Bay 
Cape Dorqet 

Frobisher Bay 

Grise Fiord 

Arctic Bay 
Groughton Island 
Clyde River 
Hall Beach 
Igloolik 
Pond Inlet 

Health Centres  

Health Stations  

Community Health 
Workers 

Visitors Accom.  

Inuvik Zone  

Hospitals  

Clinics  

Arctic Bay 
Broughton Is. 
Frobisher Bay 
Grise Fiord 
Hall Beach 
Igloonik 
Pond Inlet 
Port Burwell 
Resolute Bay 

Inuvik 

Inuvik 

(Bedroom in N/S) 
(Transient Centre 8 beds) 
(Hotel) 
(Bedroom in N/S) 
(Bedroom in N/S & Tran.Cent.) 
(Transient Trailer Sleep 7) 

7)  
(Beds Available in N/S) 
(Transient Trailer Sleep 7) 

T.  
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Nursing Stations  

Health Centres  

Health Stations  

CommUnitv Aides  

Visitors Accom.  

Aklavik 
Fort Franklin 
Fort Good Hope 
Fort McPherson 
Fort Norman 
Norman iWells 	(1972/73) 
Tuktoyaktuk 

Inuvik 

Arctic Red River 
Colville Lake 
Paulatuk 
Sachs Harbour 

Aklavik 
Fort Franklin 
Fort Good Hope 
Fort McPherson 

Arctic Red River 
Colville Lake 
Paulatuk 
Sachs Harbour 

(1 Rm. in N/S) 
(2 Beds in N/S) 
(2 	" 
(1 Bed in N/S) 

(TratIer 4 beds & 1 
(Trailer 4 Beds) 

(Hotels) 
(Trailer 4 Beds) 
(Hotel 18 Rooms) 

(2 Beds in N/S) 
(1 Rm. in N/S) 

Community Health 
Workers 

Aklavik 
Arctic Red River 
Colville Lake 
Ft. Franklin 
Ft. Good Hope 
Ft. McPherson 
Inuvik 
Ft. Norman 
Norman Wells 
Sachs Harbour 
Tuktoyaktuk 

bed in N/S) 

KeelaSegne  _ 

Nursing Stations  Baker Lake 
Belcher Islands 
Coral Harbour 
Chesterfield Inlet 
Eskimo Point 
Rankin Inlet 
Repulse Bay 
Whale Cove 
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Health Centres 	Churchill 

Dental Clinic 	 Churchill 

Community Health 	Baker Lake 
Workers 	Eskimo Point 

Rankin Inlet 

Visitor Accom.  Chesterfield Inlet 
Coral Harbour 

(At mission) 
(Trailer) 

MacKenzie Zone  

Hospitals  

Clinics 	 Cambridge Bay 
Fort Rae 
Fort+Simpson 

Nursing Stations  

Health Centres  

Health Stations  

Cambridge Bay' 
Coppermine 
Edzo 	 (1973/74) 
Ft. Liard 
Ft. Providence 
Ft. Resolution 
Ft. Weigley (1972/73) 
Gjoa Haven 
Holman Island 	(1972/73) 
Snowdrift 	(1972/73) 
Spence Bay 

Hay River 
Ft. Simpson 
Ft. Smith 
Yellowknife 

Pelly Bay 
Lac La Martre (Summer Only) 
Nahanni Butte (1971/72) 

Ft. Resolution 
Ft. Simpson 
Ft. Rae 
Spence Bay 

Community Health 
Workers 



Yukon Zone  

Hospitals  

Clinics 

Nursing Stations  

Health Centres  

Health Stations  

Community Health 
Workers 
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Community Aides  

VisitorAAccom,  

Hay River 
Lac La Martre 
Pelly Bay 
Rae Lake (U) 
Trout Lake (U) 

Cambridge Bay 
Ft. Liard 
Ft. Resolution 
Ft. Smith 
Ft. Providence 
Ft. Wrigley 
Gjoa Haven 
Hay River 
Holman Island 
Pelly Bay 
Pine Point 
Snowdrift 
Spence Bay 
Yellowknife 

(Trailer 6 Bunks) 
(1 Bed at N/S) 
(Patient Beds in N/S) 
(Hotels) 
(Motels) 
(1 Bed in N/S) 
(1 Rm. in N/S & T.C. 5 Beds) 
(Hotels - Motels) 
(Trans. Centre 10 Beds) 
(Trans. Centre) 
(Hotel) 
(1 Bed in N/S) 
(Trailer 6 beds) 
(Hotels - Motels) 

Whitehorse 
Mayo 

Whitehorse 

Dawson 
Farô 
Old Crow 
Watson  Lake 

Carmalks 
Dawson 
Haines Junction 
Teslin 
Watson Lake 
Whitehorse 

Beaver Creek 
Burwash Landing 
Carcross 
Pelly Crossing 
Ross River 
Upper Liard 

Faro 
Ross River 
Teslin 
Upper Liard 
Whitehorse 

(1971/72) 

(1971/72) 
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Community Aides  

Visitor Accom.  

Beaver Creek 
Burwash 
Carcross 
Carmacks 
Dawson 
Faro 
Haines Junction 
Pelly Crossing 
Ross River 
Teslin 
Upper Liard 

Beaver Creek 	Motel 
Burwash 	 Hotel 
Carcross 	Hotel 
Carmacks 	Hotel - Motels 
Dawson 	 Hotels - Motels 
Faro 	 Hotel 
Haines Junction Motel 
Pelly Crossing Motel 
Ross River 	Hotel - Motel 
Teslin 	 Motels 
Upper Liard 	Motel 
Destruction Bay Motel 
Elsa 	 Lodge 
Mayo 	 Hotel - Motel 
Old Crow 	 Nursing St. 
Watson Lake 	Hotel - Motel 
Whitehorse 	Hotels 



Description 
1971/72 	1972/73 

$'000's 

NORTHERN HEALTH SERVICES, SAMPLE BUDGET  
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BY SUB-ACTIVITY  

Treatment 	 5,375 	8,816 
Public Health 	 4,469 	1,971 
Involvement of Northern Residents 	 - 
Northern Health Support 	 1 , 250 	1 , 312 

TOTAL 	11,094 	. 12,O9 

BY RESPONSIBILITY  

Branch Headquarters 
Northern Region 

	

37 	 106 

	

11,057 	11,993 • _______  
TOTAL 	11,094 	12,099 

BY STANDARD OBJECTS 

01 	Personnel 	 5,576 	6,102 
02 	Transportation and Communications 	 1,630 	1,621 
03 	Information 	 17 	 23 
04 	Professional and Special Services 	 1,511 	1,787 
05 	Rentals 	 248 	 220 
06 . Purchased Repair and Upkeep 	. 	 111 	 120 
07 	Utilities, Materials and Supplies 	 2,001 	2,226 
12 	Miscellaneous 	 _ 	 -  

TOTAL 	11,094 	12 , 099 ---.—___ 
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Description of Facilities  

The terni  "health facility" is a general term and may be used to 
describe any Branch Service ranging from a community aide (lay dispenser) 
to a hospital. 

1. Community Aide  (includes old style "lay dispenser") 

A contact in a community (of usually 50 or more persons) to whom 
Indians and Eskimos may come when they need assistance when there 
is no full-time nurse or doctor. Where there is no Health Station 
(overnight cabin), a store of drugs, liniments, bandages, household 
remedies is kept by the aide in his/her home and patients are treated 
in the home. 

2. Health Office  

A building or space in a building, which is not for the exclusive 
use of Medical Services, where a nurse and/or doctor may, from 
time to time, hold clinics or conduct public health education 
activities. 

3. Health Station  

A small building or trailer usually'under the charge of a community 
aide; where a visiting nurse or doctor may render services such as 
immunization, public health education, etc., and might, in an 
emergency', take in an overnight patient and where the nurse may 
stav overnight if necessary. 

4. Health Centre  

A building, trailer or rented office space staffed by one or more 
full-time nurses (and possibly some assistant staff) and is the 
focal point of the public health program in an assigned area, but 
may occasionally be used for treatment services. 

Accommodation for staff is provided only where no other suitable 
accommodation is available. 

5. Nursing Station  

A field unit staffed by two or more nurses and subsidiary staff. 
It normally provides accommodation for the nursing staff, has two 
to fourteen beds for patient care, a clinic and out patient facilities 
and is also the centre of the public health program for the assigned 
area. 

6. Clinic •  

A field unit, usually connected with a hospital, under the direction 
of a medical doctor on a continuing basis whether full-time, part-
time or by special agreement. 
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7. 	Hospital  

An institution of fifteen beds or more operated for the regular 
accommodation of in-patients in which medical and surgical care 
for illness and obstetrics is possible. 
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BENEFITS OF DATA TRANSMISSION  
FROM REMOTE ENVIRONMENTAL SENSORS VIA A  

MULTI-PURPOSE UHF COMMUNICATION SATELLITE  

1. INTRODUCTION  

Data retransmission from unattended, environmental sensing 

platforms at remote sites can be provided by the multi-purpose small terminal 

communications satellite. The feasibility of such a . service already has been 

proven with the ATS-1 satellite in 1967-69 and with the current ERTS program. 

Further experiments will be carried out when the first satellite in the GOES 

program is launched in 1973. During 1971, a working group under the Chairman-

ship of Dr. J. Kruus examined the present and anticipated Canadian requirements 

for data acquisition from sensors at remote sites. These requirements aré 

substantial enough to merit consideration of the use for such data acquisition 

of a satellite deSigned to meet a need for low capacity telecommunications to 

small earth stations.. 

This memorandum examines the potential value of such a communications 

service. It describes existing networks . that would be serviced by the system, 

defines other uses, and estimates system benefits. This is an initial 

investigation. It quantifies benefits for only a few of the many potential 

uses. It establishes a framework within which additional studies can be 

conducted. 

2. MAJOR OPERATIONAL NETWORKS  

Environment Canada is by far the largest operator of sensing platforms. 

Within that department the most extensive networks are those making hydrometric 

and meteorological measurements. The data from these networks are made 

available to the public, to government agencies, and to commercial users. 

Other networks collect data on tides and water levels and monitor water quality. 
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Provincial departments of forestry operate sensing platform networks 

of appreciable size, mostly obtaining climatologic and meteorologic data. The 

government of Quebec operates its own hydrometric network. Small numbers of 

hydrometric stations are also operated by hydro companies in cooperation with 

the Inland Waters Branch of Environment Canada. 

The availability of data in real time rather than several weeks 

or months old makes it possible to consider new uses and ways of operating. 

Increased effectiveness can be seen in the use of water reservoir systems 

for hydroelectric power generation and irrigation. Improved flood mitigation 

and forest fire danger detection are also possibilities. In the north, more 

timely weather information can increase the efficiency of air transport. 

More efficient barge operations on rivers such as the Mackenzie are possible 

with timely water level data along the course of the river. 

While an existing and growing requirement for data retransmission 

can be foreseen, attempts  •to quantify their value are difficult. Lack of 

information prevents the sensor network operating agencies from including 

satellite data relay technology in their planning. However, the present 

requirements for real time data are candidates for a satellite based service. 

For economy and reliability, other networks would also convert to this mode 

of operation. 

The present sizes of the remote sensing platform networks are 

shown in Table 1: 
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TABLE 1  

Major Environmental Sensing Networks  

Number with 
Present Projected Telemetry Requirement  

Hydrologic 

Tides Water Level 	 130 	150 	 136 
Water Resource 	 2900* 	3200 	 400 
Water Quality 	 1000 	 9 

Meteorologic 

Synoptic 	 274 	300 	 ) 
Upper Air (Radiosonde) 	 35 	? 	 ) 50 
Climatologic 	 2460 	? 	 ) 
Marine (at lighthouse) 	 70 	70 	 ) 

Earth Physics 

Seismic 	 21 
Geomagnetic 	 10 
Tsunami 	 3 

Forestry 

Climatologic 	 500 
Lightning Stroke Detection 
Fire Detection 

* Including 400 Quebec Provincial stations 

3. POTENTIAL USES  

There are several reasons for using data retransmission. 

(1) It is mandatory for collecting real-time data. 

(2) It allows sensors to be interrogated frequently. 

(3) It may be less costly than recording and periodically 
collecting the data. 

(4) It enables the data to be processed without human 
intervention. 

(5) It permits remote sites to be monitored unattended. 
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In the past, telemetry seldom has been cost effective. The lack 

of a suitable low cost technique for collecting sensor data automatically 

has caused a manual recording retrieval system to evolve. Field personnel 

or local residents periodically mail recordings to a collection centre. The 

modest fee these people charge has resulted in a low cost system. But the 

costs are rising because of higher wage demands for the manual effort involved. 

In addition, it is becoming increasingly difficult to replace local residents 

as they resign or retire. The manual processing of the data is also becoming 

more expensive. The biggest disadvantages may be that data for long periods 

can be lost due to equipment failures between the periodic collections, and 

the manual preparation and handling of data causes many errors. 

Advancing technology is reducing the costs of data telemetry and 

automatic data processing. Therefore automatic retrieval of data in a format 

directly amenable to automatic processing is becoming more attractive. 

Table 2 lists some of the uses of the data retransmission function 

of the UHF satellite. Most of the users of this service will be government 

agencies. However, these agencies often use the information to benefit a 

1) 
third party. Therefore, the direct beneficiaries are also shown.

(  

The final information shown is the nature of benefits that are 

proposed for each use and beneficiary. 

The short duration of the study prevented an analysis of all uses. 

The initial study concentrated on six uses which were believed to have high 

benefits and for which data were available. These uses are: 

(1) The ultimate beneficiary is the consumer and/or taxpayer. The study 
did not pursue the production clain, but defined the beneficiary as 
the first user of the information obtained. 



Users 

Users 

Users 

Users 

USE  

HYDROMETRY  

Water Research and 
Construction 

Hydroelectric Power 

Flood Control 

River Shipping 

Pollution Control 
fWater) 

OCEANOGRAPHY  

Tides 

Icepack Movement 
(incl. icebergs) 

METEOROLOGY  

Forecasting Atmospheric Services 
Forest Assn. 
Marine Met 
Airlines 
Users 

Users 

TABLE 2  

POTENTIAL USE FOR DATA RETRANSMISSION  

BENEFICIARIES 

Recreation 
Users 

Terminal Reporting • 

USERS 

Provincial Govts. 
Utilities 
Hydra  Utilities 

Provincial Govts. 
EMO 
Shippers 
MOT 
DOE 
Provincial Govts. 

Shippers 
MOT 
Shippers 
MOT 

DOE 

MOT 

MOT 
DND 
Flying Firms 

NATURE OF BENEFITS 

Reduced Collection Costs 
Reduced Construction Costs 
Increased Earnings 

Reduced Rescue Costs 
Reduced Damage 
Increased Utilization of Equip. 
(Loading) 
Reduced Control Costs 
Intensive Utilization 

Reduced Shipping Costs (Delays) 
Reduced Collection Costs 
Increased Use of Season 
Reduced Ship Losses and Costs 

Reduced Collection Costs 
Improved Fire Control 

Reduced Collection Costs 
Reduced Flying Costs 

SNOWPACK 

Avalanche Warning Prov. Highway Depts. 
Railroads 
Oil and Mines 

Reduced Collection Costs 
Increased Operational Efficiency 



EMR 
EMO 
Provincial Govts. 

Reduced Collection Costs 
Improved Rescue Services 
Reduced Losses 

Research - Geomagnetic, 
SeisMic, -  Volcanic 
Disaster Forecast 

EMR 
EMO 
Provincial Govts. 

Reduced Search Cost 
Lives Saved 
Reduced ATC Costs 
Reduced Flying Costs 
Reduced Airways Costs 

AIRCRAFT  

Crash Location 

Air Traffic Control 

DND 
Airlines 
MOT 
All Aircraft 

Reduced Surveillance Costs DND 

Increased Collection & Prosecution; 
Reduced Surveillance Costs 

• Users 

Users 

Users 

Users 

NATIONAL SECURITY  

Arctic Ship Passage 

Border A/C Crossing Customs 
Immigration 
MOT 
RCMP 

USE  

RENEWABLE RESOURCES  

Wildlife Movement 

FOREST FIRE CONTROL  

USERS 

Prov. Wildlife Depts. 

Provincial Govts. 
Logging Firms 
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TABLE 2 (Cont'd)  

BENEFICIARIES 

Recreation 
Commercial Hunters 

. Government Research 

Provincial Govts. 
EMO 
Logging Firms 
Forest Communities 
Recreation  

NATURE OF BENEFITS 

Increased Activity 
Increased Income (Reduced Loss du( 
to Natural Death) 
Reduced Collection Costs 

Reduced Losses 
Reduced'Control Costs 

EARTH PHYSICS  



USER USE NATURE OF BENEFITS BENEFICIARIES 

TABLE 2 (Cont'd) 

EQUIPMENT FAILURE  

Remote Navigation Aids 
and Lighthouses 

Pipelines and Oil and 
Gas Wells 

• Sensing Platforms 

MOT 

Oil Companies 
DOE 

Platform Operators 

Users 
Pilots & Ship Owners 
Users 

Users 

Reduced Maintenance Costs 

Reduced Surveillance Costs 
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Water research and construction 

Hydrometric data collection network for DOE 

Reservoir inflow for hydroelectric power generation 

River gauging for barge traffic 

Forest fire control 

Aircraft crash location 

The costs of acquiring real-time data for these uses is prohibitive 

with existing telecommunications facilities. Therefore, sensing equipment has 

not been developed for some of these applications. The technological 

feasibility of these applications has been estimated in the discussion on 

benefits. 

4. SUMMARY OF BENEFITS  

The potential benefits calculated in this study are summarized in 

Table 3 and described briefly in the following paragraphs. The analyses of 

benefits are discussed in more detail in Appendices A to F. 

TABLE 3  

Benefit Estimates  
($ Million/10 years) 

Gross 	 Net 
Benefits 	Cost 	Benefits  

Water Research and Construction 
Hydrometric Data Collection 
Hydroelectric Power Generation 
MacKenzie River Traffic 
Forest Fire Control 
Aircraft Crash Location 

	

37.5 	N.E. 	N.E. 

	

30.2 	26.9 	3.3 

	

63.0 	6.0 	57.0 

	

10.3 	0.6 	9.7 

	

2.7 	N.E. 	N.E. 

	

61.5 	33.0 	28.5 
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Some of the costs were not estimated (N.E.) because of lack of 

definition of the system required to obtain the required benefits. 

The same system can be used to generate many benefits, e.g. flood 

control, hydroelectric power generation, and river traffic might all benefit 

from water level gauging systems. The water research and construction might 

use the regular hydrometric network, so the only new costs would be to prepare 

data tapes. This study considered the costs of each application independently, 

so the costs are high. Also, these same platforms might be able to support 

meteorological sensors at little additional cost. 

On the other hand, users might incur costs to implement and operate 

the UHF satellite system. For example new personnel skills or an internal 

change in handling information might be needed. The potential users should 

study the implications of automated data retransmission by satellite to 

satisfy themselves of internal costs. 

a) Water Research and Construction:  (see Appendix A) 

The knowledge of water resources through research could save the country 

an estimated 3% of construction costs or 1126.4 million dollars in the years 

1977 to 1986
(2)

. The acquisition of a reliable hydrologic data base is 

important to this research. If improved data is responsible for saving only 

0.1% of the cost of water control structures, it would be worth 37.5 million 

dollars. 

b) Hydrometric Data Collection:  (see Appendix B) 

The Water Survey of Canada Division of the Department of the Environment will 

monitor at least 3,000 gauging stations across Canada within 10 years. 

Substantial savings would result from more efficient use of field crews and 

more reliable collection of information if automatic transmission, recording 

(2) Water Resources Research in Canada, Special Study No. 5, 

Science Secretariat, July, 1968 
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and processing of the data as well as the continuous monitoring of measuring 

instruments in remote areas were available. As much as 9 million dollars in 

handling costs alone might be saved over the 10 year period if the satellite 

system would replace planned methods of data collection. 

c) Hydroelectric Power Generation: (see Appendix C) 

Water level monitoring is necessary to the regulation of water reservoirs 

for hydroelectric power stations. "Each 1 percent improvement in in-flow 

forecast to the huge new reservoir behind Bennett Dam, would result in $1 

million per year increase in revenue through improved operating efficiencies. 

....improved hydrologic forecast would result in significant increases in 

operating efficiencies of many Canadian dam and reservoir systems.'t(3) 

 Extrapolated to all Canadian hydroelectric power generating stations, this 

improvement would yield annual benefits of 21 million dollars. Applied to 

a very limited set of river systems this UHF system could yield 6.3 million 

dollars of benefits each year. 

d) Shipping on the MacKenzie River:  (see Appendix D) 

On the MacKenzie River, shipping traffic is hindered by shallow water at 

certain times of the year. Barges are loaded to only 70% of capacity to 

ensure their passage through the shallows. The business boom in the North 

will require more barges and tug-boats to meet the traffic load. With 

real-time monitoring of the water levels, a computer model could be developed 

to predict the maximum loading of the barges at any particular time. If the 

transportation effectiveness could be raised by 10% by this method, almost 

one million dollars a year could be saved by reducing the need for extra 

barges and lower operating costs resulting from the reduced number of trips. 

(3) Ibid page 46 
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e) Forest Fire Control:  (see Appendix E) 

Sixty million dollars each year are lost to the country because of damage 

and suppression costs of forest fires. The ability to detect lightning 

strikes and accurately describe winds and fuel potential of forests could 

reduce this cost. Technology is rapidly making it possible to use real-time 

data to coordinate fire detection and suppression efforts and to allocate 

existing resources more efficiently. Every 10% increase in efficiency 

would save 6 million dollars a year in costs of capital, maintenance and 

overhead. 

The magnitude of the efficiency increase that can be achieved is 

difficult to quantify because of the uncertainty of future fire occurrence 

and control response .(4) However, extrapolating operations in the Yukon, 

savings across Canada of $266,000 a year can reasonably be expected from 

reduced timber damage alone. 

f) Aircraft Crash Location:  (see Appendix F) 

Large scale flying operations are maintained for the search and rescue of 

aircraft that are lost in the north. Present technology forces rescuers 

to get close to a downed aircraft before they can establish contact with it. 

The Multi-Purpose Satellite Communications system would make it possible for 

a crash position indicator (CPI) to alert the search and rescue headquarters. By 

localizing the search to a 1-4 square mile area the CPI would reduce the 

expected flying time by 77,951 hours (5) over 10 years. This would result in 

(4)The Forest Fire Research Institute defined how the UHF satellite could 
be used in improving fire detection and control. It acknowledges the 
need for such a system, but does not have the data to forecast benefits. 

(5) NRC Laboratory Technical Report, Locating People in High Latitudes, 
LTR-FR-32 A, October/71, Ottawa, Ontario, Canada Page 6 
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net savings  of $28,567,560,  even after taking into account the cost 

of re-equipping all aircraft with new crash position indicators. In addition, 

up to 100 lives could be saved because of this system. 

g) Other Benefits: 

Benefits were computed for only a small number of the potential uses. 	Many 

more have been identified but not quantified. 

- Hydrological Data Collection.  Only the Inland Waters 

network of collection stations was included. The gauging 

stations operated by the Provinces and by Hydroelectric 

Companies would add considerably to the net savings. 

- Reservoir Management.  Only hydroelectric generation 

benefits were considered for reservoir management. Irrigation 

and recreation benefits can also accrue. A synergistic effect 

on benefits occurs with multiple use management. 

- Flood Control. In mountainous parts of the country which are 

subject to flash floods, precise early warning from real-time 

monitoring of upstream runoff and stream levels can reduce 

damage, save lives and lower costs of emergency control and 

rescue. Some provincial governments are considering ground 

telecommunications networks for flood warning. 

- Weather Forecasting. Sensors are being developed to measure 

automatically several types of information which are used in 

the formulation of weather forecasts. The requirement for 

climatic data from the north is increasingly important and the 

re-transmission of this data via satellite communication may be 

the only economical way to utilize meteorologic sensors in 

remote areas. The desired grid of sensor stations has not 

....10 
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been defined, so potential benefits and cost savings 

cannot be estimated with any validity. However, with the 

stations desired for special interest, such as forest fire 

control, an extensive system will be required. 

- Terminal Weather.  Air transportation companies operating 

in the north incur losses because their pilots cannot always 

communicate with their destination. As a result, they often 

find that they cannot land when they arrive at their destination 

and have to divert to an alternate air strip. The satellite 

communication could provide communications and automatic 

weather reporting at landing strips in remote areas. With 

flying costs of $50 - $150 per hour, avoiding two 

diverted flights each year would recover the cost 

communications equipment. 

- Northern Air Navigation. The cost of northern flying would 

reduced if accurate and reliable navigation systems were available 

to private and business pilots. The data necessary to estimate 

direct benefits should be organized in cooperation with MOT. 

The major benefits, however, will be accelerated development 

the north that would result from reducing constraints on 

transportation. 

- Equipment Monitoring A major benefit would result from remote 

monitoring of equipment. Pipelines, safety shelters, test 

equipment, ground or water navigation aids, and the remote 

platforms discussed in this report could all be monitored for 

proper operation. Periodic on-site inspections could be reduced, 

and losses due to undetected malfunctions could be avoided. 

be 

of 

sensing 

....11 
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- Remote Sensing Equipment.  A benefit would result from the 

development of unattended sensor platforms to operate 

with the satellite communication system. "There are real export 

possibilities for sensitive, durable instruments for water 

resources work and if instruments.can be designed and built to 

meet the rigorous requirements imposed by Canadian conditions 

they will work and can be sold anywhere. This is a field in 

which Canadian industry should play a major role. u(6) 

5. CONCLUSIONS AND RECOMMENDATIONS  

For the few uses examined, benefits are estimated at more than $100 

million over the 10 year operation of the satellite system. This is sufficient 

to suggest that the operation is cost beneficial. Study of additional uses 

could only refine and strengthen that observation. 

Before the benefits can be realized, potential users must be 

persuaded of the benefits to them. Studies should be conducted by, or in 

conjunction with, potential users to determine the benefits they would realize 

from the many uses to which they would be  able  to apply this system. 

A special study should be made of potential benefits of environmental 

data for the large reservoir developments such as the James Bay and the Nelson 

River hydroelectric projects. 

(6) Water Resources Research, Page 84 
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WATER RESEARCH AND CONSTRUCTION 

Among the benefits which could derive from a sophisticated multi- 

purpose communication satellite system are savings from research on water 

resources. This research is seriously impaired by lack of a data base. These 

data cannot be acquired in remote areas without adequate telecommunications 

systems. A special study of the Science Secretariat estimated that large 

savings in the design, construction and operation of structures that control 

the level and flow of water and convey water from one location to another. 

"Such structures range from multi-purpose billion dollar dams, 

to eavestroughs for carrying water from roofs, and include, in addition, 

city storm seWer systems, ditches, culverts and bridges for draining 

excess water from and under highways, railroads and airport runways, 

irrigation systems, piers, breakways, locks and harbour facilities 

built in lakes and rivers, water pipelines for municipalities, and so 

on. Each one of these structures, be it a farm pond spillway or 

massive dam and reservoir system, must be designed on the basis of 

analyses of technical data. Optimum design requires both good basic 

data in the project region, and sound techniques to make maximum use 

of these data." 

'The basis of any assessment of water resources, of any water 

development project and of much analytical research, is a 

comprehensive basic data collection program. In Canada, an extensive 
stream_saugins and water level  
/ observation program has been carried out in a coordinated Federal- 

Provincial program for many years. Surface water quality  data 

collection has not been as well developed. For example, only in 
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1959-60 did any continuing monitoring program begin of the 

quality, temperature and other factors pertinent to management 

of that prime resource the Great Lakes. The Federal and Provincial 

water quality monitoring programs need considerable strengthening. 

Groundwater data  collection has not been organized as systematically 

as surface water data, partly because of the less time-variable 

nature of the groundwater resources. However, some provinces, 

particularly Alberta and Saskatchewan, have devoted much attention 

to groundwater surveys and data collection programs. One of the 

serious deficiences in Canadian data collection programs is in 

precipitation data.  The precipitation networks in Canada are of 

considerably lower density than in most developed countries; the 

density corresponds approximately with that of Afghanistan. Data 

collection on economic aspects of water  has been seriously neglected 

in Canada. Much more comprehensive data are required by water 

resource planners on water use, flood damages, drought costs, re- 

.(1) 
creational expenditures, etc. 

The prime reason for the lack of water resources data stem from the 

difficulty and high cost of acquiring the data from remote areas. With present 

technology, sensors in remote areas have to be attended periodically to insure 

proper functioning and to retrieve the data. In addition, the data have to 

be transcribed manually for processing. However, if the sensors in remote 

areas could be monitored automatically and the data transmitted directly to 

a computer for processing, the present difficulties would be diminished. 

The Science Secretariat report gives some examples of savings: 

"Evaporation estimates for a major reservoir built in Canada in 

the past decade appear on the basis of more recent techniques 

(1) Water Resources Research in Canada, Special Study No. 5, July 1968, 
Science Secretariat of the Privy Council Office, Page 46. (Underlining 
is  flot part of the original quotation). 
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and data to have been initially over-estimated, to a net cost 

of $2 million. On the same project the initial spillway design 

flood was found on the basis of later research to be too 

conservative (i.e. too big) for Canadian conditions, having been 

based initially on United States techniques. Reduction in the 

spillway design based on more refined adaptation of the techniques 

to Canadian conditions, resulted in a saving of $1 million. On 

another northern project, doubts concerning the relationship 

between channel flow velocities and likely ice formation cost 

$500,000, or 2 percent of the water conveyance structure costs, to 

make the design conservative. In all of these cases the reduced 

capital costs on the projects that either resulted from new research 

or could very likely be achieved with additional research ran from 

1 to 5 percent of the costs of the structure." 

Total expenditures in Canada on water resources structures to 1980 

are expected to amount to $3,035 mil1ion
(2) 

by 1980 as shown in Table Al. 

It ....a very conservative estimate of the direct financial benefits 

that would result from research in the water cycle and engineering works 

would decrease capital expenditures on water control and conveyance 

structures by an average of -?/! to 1 percent for each sub-category 

of research applicable to the structure. Since in each case 

knowledge of a number of factors are important, the total potential 

average improvement resulting from research on all factors affecting 

a structure was estimated to be about 3 percent." 

The report predicts a growth average of 8% in the construction and 

renair expenditures on water resources in Canada from 1975 to 1980. Assuming 

that this growth continues, the expenditures for the years 1977 to 1986 

(2) ibid 



Table A1t-Construction and Itepair Expenditure Projected by Category, 1959-1980 
T000 

Categories 	1959 	1960 	1961 	1962 	1963 	1964 	1965 	1966 	1967 	1970 	1973 	1980 

• 
Docks, Wharves, 

Piers and Break- 
waters 	 61,675 	71,340 	77,080 	57,831 	37,517 	46,309 	55,573 	69,838 	80,904 	101,000 	138,000 	200,000 

Rivers and Canals 	7,364 	10,974 	12,762 	12,213 	9,218 	10,920 	31,777 	26,358 	43,393 	32,500 	73,000 	100,000 
Dredging and 

Pile Driving .....  	51,390 	31,590 	23,928 	11,192 	7,706 	5,614 	11,959 	16,100 	19,051 	23,300 	32,400 	45,000 
Sewage Systems 

and Connections 	 112,674 	113,367 	122,685 	122,430 	132,340 	143,180 	163,266 	194,065 	197,815 	247,000 	315.000 	400, 000 
Water Supply 

Systems 	 99,104 	98,294 	93,385 	99,751 	108,766 	117,708 	166,810 	172,798 	167,224 	205,000 	285,000 	400,000 
Dams and 

Reservoirs 	 45,693 	76,295 	60,018 	72,547 	'60,680 146,183 	266,814 	172,825 	199,783 	260,000 	320,000 	430,000 
Irrigation and 

Land Ro.laination 	17,542 	15,742 	19,414 	21,486 	25,382 	24,232 	25,312 	52,450 	70,042 	90,000 	125,000 	175.000 
Water Control 

Structures for 
Electric Power.. 	 105,100 	83,800 	128,100 	141,400 	143,500 	110,800 	123,800 	260,600 	278,400 	340,000 	470,000 	650,000 

Bridges, Culverts, 
Aquaducts, etc 	 183,110 	196,396 207,566 	166,886 	202,342 211,757 	215,693 	227,142 	235,807 	287,000 	393,000 	550,000 

Drainage and 	 . 
Storm Sewers 	13,929 	21,122 	7,082 	5,434 	25,224 	24,226 	31,218 	42,174 	44,309 	52,000 	66,000 	85,(1.>■) 

Totals 	 697,581 	719,120 752,020 	711,170 753,675 	134d,929 	1,092,224 	1,061,525 	1,336,728 	1,657,800 2,222,400 	3,035,000 
, 
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(lifetime of the proposed satellite system) will total 37,552 million 

dollars. Water research could save 1,126 million dollars of this amount. 

The data base is vital to research. However, the data can't 

take credit for all of the benefits of research. Research is credited 

for savings of 3% in construction. Let us be conservative and credit 

the data system with only 0.1% of the construction expenditures. The 

data retransmission system would be worth 37.5 million dollars. 

There are many other benefits from the knowledge of the water 

cycle. For example, water movement and turbulence in lakes and rivers are 

important in diffusion of pollution. Knowledge of groundwater is vital to 

optimum development of municipal water supplies in many areas, yet this 

knowledge does not greatly affect the design of water structures. Knowledge 

of the amount of water available in various regions of Canada, the 

fluctuations of this amount with time and its accessibility will improve 

allocation of the resource between local users, between provinces and perhaps 

even between countries. 

Thus, the 37.5 million dollars measure only one economic benefit 

of good data for water research, not the total economic benefits. All 

research in water use or control requires the acquisition of a hydrologic 

data base. 
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ACQUISITION OF HYDROLOGIC DATA 

The acquisition of hydrologic data for Canada is the responsibility 

of the Water Survey of Canada Division of the Department of the Environment. 

In the next ten years, this Division will have installed 3,000 gauging 

stations to measure water levels, flows, temperatures and precipitation. 

This information is made available to data users engaged in water resources 

development work. The major users of these data are the various provincial 

water resources agencies, hydro companies, provincial highway departments, 

engineering consultants, universities and other federal government departments 

and agencies. 

Data on water levels and flows are  essential to the design and operation 

of water resources projects. Lack of data may result in poor design and failure 

of a structure (dam, bridge or road). Inadequate data results in ineffective 

regulation and consequent waste and possible pollution of water. Because of 

its importance, the need for water level data will increase in the near future. 

Of the 2,500 gauging stations now in existence, 1,600 are equipped 

with water stage recorders, 75 stations have telegraph transmission facilities 

which are connected to telephone systems and one station is equipped with a 

radio-telemark device which permits transmission of data from a remote site 

to the nearest telephone connecting point. 

The cost of a water stage recorder is $650; however, in northern 

areas this cost may increase to $1,200 or $1,600, depending on site conditions. 

The telemarks cost $1,000 and require $240 to $360 per year for telephone lines 

plus long distance toll charges of $200 to $500 per year for interrogation. 

These costs would increase if the sites were located at more distant points and 

If the site were interrogated more frequently. If no telephone line is available 
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a radio-telemark can be used to transmit data via radio to the nearest 

telephone line. The cost of a radio telemark is $18,000 plus line charges 

of $300 per year. This cost would increase for longer distances. 

Transmission of data over telephone lines is costly. Frequent 

manual retrieval of recorded data from remote areas is exhorbitantly expensive. 

As a result only a limited amount of data is collected at present. But an 

increasing amount of data will be needed in the future. What will it cost to 

providethese data through present means? Can costs be reduced using realtime 

data transmission via a satellite communication system? 

Assume that in the period from 1977 to 1986, in order to meet data 

requirements for research, water regulation and water pollution control, 

reliable data will be required from all 3,000 gauging sites in operation. Also, 

assume that half of these sites will be equipped with water stage recorders, 

1,000 stations are to be equipped with telemark facilities and the 500 remaining 

stations with radio-telemark facilities. Table Bi shows the equipment for 

this proposed system. Table B2 shows costs of 30 million dollars for a system 

without satellite transmission. Table B3 indicates that to equip and operate 

the 3,000 stations with transmission facilities in realtime with a UHF 

satellite communication system would cost Only 27 million dollars. The total 

cost of acquiring the hydrologic data would be 3 million dollars cheaper 

with the satellite communication system than with present methods. 

The payoff for the satellite system is sensitive to the size of the 

system. As Figure Bi shows, eliminating 300 of the radio telemark gauging 

stations would eliminate the cost advantage of the satellite transmission. The 

slopes of the lines in Figure Bl show the UHF system has a cost advantage over 

(1) 
the telemark and radio telemark equipped stations. 	Thus, an increase in the 

number of stations will increase the cost advantage of remote transmission. 

(1) However, economics o still favor the water stage recorders, assuming 

that the charts can be collected for less than $70 each. 
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Without satellite transmission, the system will have data from 

one-half of the sensors recorded on site. Frequent trips will be needed 

to remote areas for the retrieval of recorded data and periodic check of 

the instruments. The data will have to be prepared for use and input to 

the data bank where it will be combined with the transmitted data. 

Satellite transmission will enable data to be recorded and fed 

directly to a computer for processing and distribution to users. The 

stations can be monitored continuously to avoid undetected equipment 

failure and loss of long periods of data. Information will be continuously 

available on critical situations, such as floods or extremely low water 

flow which will affect communities downstream. This will eliminate many 

of the crews sent to monitor critical conditions. 

CONCLUSION  

The preceding example illustrates the direct economic benefits 

of one application of a satellite communication system. These benefits 

should be added to the benefits of the improvement in data, reduced human 

error and the timeliness of the data. 
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TABLE B1 

1977-1986 FACILITY REQUIREMENTS 

WITHOUT. SATELLITE TRANSMISSION  

Stations 

Water Stage Recorders 

Telemarks 

Radio Telemarks 

Existing 	Assumed 	Required 

	

1972 	for 197 7 	in 1977  Additions Surplus  

	

2,500 	3,000 	-3,000 

	

1,600 	1,500 	1,500 	- 	- 

	

75 	 75 	1,000 	• 925 	- 

	

1 	 1 	500 	499 	- 

WITH SATELLITE TRANSMISSION  



8,982,000 

1,500,000 

TABLE B2 

FACILITIES COSTS 

WITHOUT SATELLITE TRANSMISSION 

A) Water Storage Recorders: 

Cost of collecting records 
1 chart/month/recorder 
avg. trip $7.50 

Four clerks to transcribe recorded charts to 
computerinput at $7,500 per year for 10 years 

B) Telemarki:  

- 925 new telemarks at $1,000 each 

- $300 per year for 10 years for telephone 
lines for 1,000 telemarks 

- $300 per year for 10 years for long 
distance interrogation calls for 1,000 
telemarks. 

Radio Telemarks: 

- 499 new radio telemarks at $18,000 each 

- $300 per year for 10 years for long distance 
interrogation calls for 500 radio telemarks 

1,350,000 

300,000 

925,000 

3,000,000 

3,000,000 

D) Maintenance:  

- 10% per year of original equipment costs 
for maintenance for 10 years. 
(400 wa iter stage recorders in northern 

. areas cost $1,000 each; the remainder 
cost $650 each.) 

11,115,000 

E) Total Costs 30,172,000 



1,100 water stage recorders @ $650 

400 water stage recorders @ $1,000 

75 telemarks @ $1,000 

1 radio telemark @ $18,000 

. TOTAL SURPLUS 

715,000 

400,000 

75,000 

18,000  

1,208,000 

TABLE B3 

FACILITIES COSTS 

WITH SATELLITE TRANSMISSION 

GROSS COSTS  

3,000 transmission facilities at $4,000 each 

10% per year of original costs for 
maintenance for 10 years 

$100 transmission costs per station per year 

for 10 years 

12,000,000 

12,000,000 

3,000,000 

TOTAL 	 27,000,000 

SURPLUS EQUIPMENT  

If realized at 10% of cost .... net income 120,000 

NET COST 	 26,880,000 

* Each station will use about 3 minutes of transmission time each year. 
This might cost $5-$10. The $100 also covers the cost of operating 
the data receiving recording equipment and transmission of reduced 
data to the user. 
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HYDROELECTRIC POWER GENERATION  

• INTRODUCTION  

Hydroelectric power is one of Canada's important resources. 

As North America requires more and more power, it becomes important to 

utilize the water efficiently to generate that power. Water level 

monitoring will be necessary to regulate water reservoirs for hydro-

electric power stations. At present, most reservoir managers rely 

on historical data and the over-design of the reservoir system; Some 

are more sophisticated and manually monitor the reservoir level and 

major flows near the reservoir. This mode of operation relies on 

inefficient design to give a facade of efficient operation. With modern 

technology, reservoir managers could get relevant water level and water 

flow data upstream of all major dams and "automatically" adjust power 

generation to most effectively utilize the available water. 

To determine the potential benefits of more effective power 

generation, two studies were extrapolatedby the use of DBS statistics 

to estimate improvements in Canadian production. The work was conducted 

without the assistance or guidance of operational personnel or hydro 

planners. The province showing greatest benefits because of their 

large power generation is Quebec. However, these numbers could not 

be checked with Quebec personnel, so are presented without verification. 

EFFECTIVENESS  

The results of two studies were taken without alteration as 

representative of improvement in power generation due to forecasting of 

inflow. One was performed for two power stations in Saskatchewan and the 

other was for the Bennett Dam in British Columbia. 

,) 
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Saskatchewan Study (1) 

The annual runoff on both Saskatchewan Rivers is highly variable 

as shown in Table Cl. 

Table Cl 

NORTH AND SOUTH SASKATCHEWAN RIVER.ANNUAL RUNOFFS 

Average Annual Greatest Recorded 	Lowest Recorded 
(acre-feet) 	(acre-feet) 	(acre-feet) 

North Saskatchewan 	6,200,000 	9,944,000 	 3,525,000 

South Saskatchewan 	7,300,000 	14,610,000 	 3,440,000 

If spill at both the Coteau Creek and Squaw Rapids hydro plants, 

could be avoided and the total river flow used for power generation, the 

annual power generation in the years 1921-1958 would have averaged 1.9 

billion Kw/hr. 

If extremely heavy mountain snowfall is detected before spring 

snowmelt commences, the hydro plants can be operated at full capacity to 

draw the reservoirs down and thus minimize spill. If a drought year is 

forecast, summer power released can be minimized to provide more water 

for winter generation when hydro loads are greatest and when each kilowatt 

(2) 
is worth about 4.2 mils compared to 2.8 mils for summer power. 	Optimum 

annual power production with river flow and water supply forecasts would 

have been $6,789,000 per year. If no forecasts were used to plan power 

(1) Studies S-8 and S-24, Province of Saskatchewan, Department of 
the Environment, 1969. 

(2)Though- these rates are out of date, this study is sensitive to the 
seasonal difference in rates, not their'absolute values. 
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generation schedules, only $6,703,000 would have been realized each 
(3), (4) 

year. This amounts to an improvement of $86,000 or 1.3% due to forecasting. ' 

British Columbia Study  

A study by the Science Secretariat concluded, "Each 1 percent 

improvement in in-flow forecast to the huge new reservoir behind Bennett 

Dam on the Peace River, B.C., would result in $1 million per year increase 

in revenue through improved operating efficiencies....improved hydrologic 

forecast would result in significant increases in operating efficiencies 

of many Canadian dam and reservoir systems
li.(5) 

The Gordon M. Schrum power generating plant at Bennett Dam has 
(%) 

a capacity of 1.362 million kw. 	As calculated in Table C24 it would 

yield about 7.755 billion kwh of power each year. Since most of this 

power is distributed at rates near le per kwh it generates $77.55 million 

worth of power each year. The $1 million improvement amounts to 1.3% of 

this value. This implies that any improvement in forecasting inflow can 

be realized in an equivalent improvement in output. - 

These numbers show the difference between perfect forecasting or a complete 
foreknowledge of runoff volumes, (the maximum possible total value of 
benefits and a situation which cannot be achieved in practice) and no fore-
casting capability. In actual practice, an experienced hydrologist could 
achieve, without expenditure of any funds, some degree of intuitive fore-
casting. So these figures place a higher value on forecasting than is 
likely to be achieved in practice. 

(4)The benefits calculated apply only to Saskatchewan plants. In most cases, 
any iTprovement in regulation of a stream for power purposes at a particular 
location provides an improved flow regime to all downstream power installa-
tions. In the case of the Saskatchewan-Nelson system, benefits would also 
accrue to plents in Manitoba. 

(5)Water Resources Research in Canada, Special Study No. 5, Science Secretariat, 
July, 1968. 

(6) Electric Power Statistics, P. 53, Statistics Canada, Manufacturing and 
Primary Industries Division, Catalogue 57-206 Annual, October, 1972. 

(3) 

. . ./4 
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Table C2  

RATIONALE FOR GORDON SCHRUM POWER GENERATION  

In 1971, B.C. utilities had a hydro generating capacity of 
2.871 million kw. This yields a theoretical generation of 
25.15 billion kwh. 

In 1971, B.C. utilities generated 16.228 billion kwh. This 
is 64.5% of theoretical. 

In 1971, Schrum had a capacity of 1.362 million kw. Assuming a 
a 64.5% efficiency, it would generate 7.755 billion kwh. 

At a distributed power price of le per kwh, it generated $77.55 
million worth of power. 

ESTIMATED BENEFITS  

Assuming that output can be improved by 1.3% across Canada, Table C3 shows 

the capacities, power generation, and resulting increases in generating revenue 

for several categories of generating stations. 

The forecasting applied to all hydro power in Canada would increase 

generation by almost $21 million per year. Applied only to utility and 

public utility generating stations, the increases would be $17 and $11 

million respectively. 

Many of the plants, however, will not be able to use the forecasting 

information. Applied only to utility generating plants of more than 200,000 

kw capacity, an increase of $8.8 million is possible. If these plants have 

forecasts, however, all other generating plants on the river could benefit. 

Assume a program that: 

1. Will be applied only to public utilities. This is a very 

conservative assumption since many mining and wood product 

firms have modern power generating facilities. 

2. Only rivers with large generating plants will be controlled. 

This eliminates many waterways with numerous small plants. 

Table C4 lists the controlled waterways along with plants 

on those rivers with capacity in excess of 200,000 kw. 
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3. Ontario generating plants and the plants on the Ottawa 

River and St. Lawrence Rivers in Quebec are not included 

in the control system. Ontario Hydro believes that they 

are controlling their reservoirs as well as can be done. (7) 

They would be interested in the satellite system only if 

it is less expensive than present data collection. (8) 

They have their water gauges in inhabited areas and readings 

are collected manually. The Quebec stations on the Ottawa 

and St. Lawrence Rivers are assumed to use the saine data 

as the Ontario plants. Other rivers are "remote" in that 

gauging stations would be in sparsely.settled areas. 

With these restrictions, an annual increase of $6.3 million dollars 

can be realized. Table C5 shows  how this benefit would be distributed by 

province. 

(7) Their plants have such a large "safety" factor that tight control 
is not needed to prevent waste spill of water. This indicates that 
Ontario Hydro has spent unnecessary funds on construction and could 
have saved money on research and construction if they had better data. 
See Appendix A. 

(8) The cost analysis would be similar to Appendix B. 

. ./6 



- 6 - 	 APPENDIX C 

Table C3  

POSSIBLE INCREASES IN POWER GENERATION  

1971 (1) 	
1971 	Annual 

Capgcity Generated (2) 	Increases (3) 

10 kw 	 109  kwh 	106 $ 

All Hydro Plants 	 30.60 

Utilities 	 26.53 

Public Utilities 	 22.93 

Utilities....>, 200,000 kw 	18.05 

Selected Rivers 	 14.36 

160.47 

132.89 

86.3 

68.0 

53.8 

20.86 

17.27 

11.22 

8.8 

7.0 

(1) Electric Power Statistics, Catalogue 57-206 Annual, Statistics Canada, 
October, 1972. 

(2) Electric Power Statistics, Catalogue 57-001 Monthly, Statistics Canada, 
October, 1972. 

(3) 1.3% improvement @  1e per kwh. 
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Table t4 

MAJOR GENERATING COMPLEXES  

CAPACITY** 	MAJOR PLANTS 
WATERWAY 	 103  kw 	(>200.000  kw)'  

Churchill R. (Nfld) 	 950 	Churchill Falls 

Salmon R. & Grey R. 	 459 	Bay d'Espoir  

Ossokmanuan L. 	 234 	Twin Falls 

St. John R. 	 483 	Mactaquac 

*St. Lawrence 	 2,648 	Beauharnois  111,1/2,  #3,Robt. Saunders 

Lake Casse 	 1,567 	Bersimis #1,  1/ 2 

*Ottawa R. 	 1,865 	Carillon, des Joachims, Otto Holden 

Gatineau R. 	 456 	Paugan 

St. Maurice R. 	 1,514 	Beaumont, la Trenche, la Tuque 

Manicouagan R. 	 2,795 	Manic  1/ 2, #5, McCormick 

Riviere-aux-Outardes 	 1,588. 	Outardes #3,  1/4 

Lake St. John 	 336. 	Isle Maligne 

*Abitibi R. 	 387 	Abitibi Canyon 

*Mattagami 	 463 

*Montreal R. 	 228 	Lower Notch 

*Niagara R. 	 2,051 	Sir Adam Beck #1, . 1/ 2 

*Mississagi R. 	 203 	. Wells 

Saskatchewan R. 	 885 	Grand Rapids, Squaw Rapids 

Nelson R. 	 611 	Kettle Rapids, Kelsey 

Winnipeg R. 	 568 

Brazeau R. 	 325 	Big Bend 

Bridge R. 	 428 	Bridge River #2 

Peace R. 	 1,362 	Gordon M. Schrum 

*Not included in final benefits 

**Does not include all small plants. Slight upward revision possible. 
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Table C5 

SELECTED POWER GENERATION BY PROVINCE  

(thousands of kw) 

Plants 	Accomanying 	Selected River 	Benefit 
200,000 kw 	River Complexes Complexes 	Distribution  

Nfld. 	 1,643 	 1,643 	 1,643 	 13% 

N.B. 	 308 	 483 	 483 	 4% 

Que. 	 9,163 	 10,522 	 7,141 	 55% 

Ont. 	 3,936 	 4,601 	 - 	 0% 

Man. 	 1,048 	 1,615 	 1,047 	 8% 

Sask. 	 280 	 448 	 448 	 3% 

Alta. 	 306 	 325 	 325 	 3% 

B.C. 	 1,790 	 1,790 	 1 790 

	

______ 	 14% 

	

12,877 	 100% 
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COSTS  

The cost of the data collection includes the sensing platform with 

water level gauges and flow meters, a converter and transmitter, and the control 

system. Assume five platforms per waterway at $2,000 per platform with converter, 

$4,000 per transmitter, 10% of capital costs per year for maintenance and $100 

per year to operate each platform (Appendix B, Table B3 describes this cost). 

The total cost for 10 years would be $975,000. 

Many of the facilities would be installed for other purposes so 

only the cost of final data distribution might be needed. 

In addition, control systems must be developed. Programs must 

be developed for each reservoir that define the control actions resulting 

from the data. These might include automatic control hardware or it might 

be forecasting software. There are no estimates of cost for these systems, 

because reservoir managers and hydro companies have not investigated such 

modes of operation. The savings are so large, however, that only major hardware 

purchases would make this system non-cost-beneficial. For example: allowing 

5 million dollars for these systems would be only 8% of benefits. 
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Freight traffic on the MacKenzie River is hampered by shallows 

and rapids. Barges presently operate loaded to 70% of rated capacity. 

At high water, they can operate at 150% loading. 

A 1971 study of the MacKenzie Valley proposed dredging the river 

(1) 
rapids. 	This would allow full loading of the barges. The study found 

that with present operations, every 3.5% increase in traffic requires 

$680,000 in new equipment. Assuming a conservative linear traffic growth 

of 10% of the 1970 traffic each year, the cost of operating the barge system 

will be $73.6 million. 

The dredging project will cost $23 million if conducted over the 

same 10 year time span as is planned for the UHF satellite. It would reduce 

the operating expenses to $56.6 million for a total system cost of $78.6 

million. 

Using the same calculations, a system for using real-time water 

(2) 
level data from key tributaries is estimated to improve load factor by 10%. 

This would result in costs of $63.3 million. 

The costs with the three systems are shown in the following table. 

TABLE Dl  

COSTS FOR SHIPPING SYSTEM 

Unimproved 	Dredging 	Forecasts  

23.0 (3)  Improvement costs 	 0 

29.3 (3) 	18.7 (3)  
Boat & barge procurement 	 23.4 

36.9 (3)  
10 Year operating costs 	 44•3 (3) 

 - 	 - 	39.9 

73.6 	 78.6 	 63.3 

(1) Economic Study of Transportation in the MacKenzie River Valley, 
Vol. 1, 1972, Travacan Research Limited. 

(2)An on-going study by the Water Management Branch of DOE using the ERTS 
system estimates that loading could increase by 15% for 3 of the 4 
months of operation if daily water level data were available in real-time. 

(3) Economic Study of Transportation, Section 4 



-2- APPENDIX D 

We estimate the need for 5 platforms with sensors. Costs might 

run 

Sensors @ $2,000 	 $10,000 

Platforms @ $4,000 	 20,000 

Maintenance and Operation @ $100/month 60 000 
per platform 

$90,000 

Assuming the forecasting system costs another half a million 

dollars, the total costs for barging operations are less than $64 million. 

This is $10 million less than the cost of the unimproved system. 
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FOREST FIRE CONTROL 

The UHF satellite can aid both detection and suppression of 

forest fires. The use in suppression is to provide reliable communica-

tion for the fire fighting units. The concern in this section is to 

use remote sensor platforms to help in early detection of fires so 

control can start sooner. 

Detection of forest fires before the "breakout" by on-site 

sensors does not appear feasible by 1977. Heat sensors must be placed 

on too small of a grid, and carbon dioxide sensors have not been 

developed for outside use.
(1) It is possible to detect established 

fires from sensor platforms. However, detection from on-site sensor 

platforms is less cost-effective than detection by remote sensing from 

low-orbit satellites and aircraft patrol. Nevertheless, fixed sensor 

platforms do have a definite role in today's detection procedures. 

APPLICATIONS  

In Canada, lightning accounts for one-fourth of all reported 

forest fires; and well over half of total acreage burned. 

A present procedure to detect lightning-caused fires is to 

fly patrols during and after storms. These patrols are backed by 

helicopter borne crews to suppress these fires early. Large areas 

(1) Existing gas detectors cost $100,000 (without siting). These cover 
a maximum of a 10 mile radius over flat terrain, (260 square mile 
coverage with hexogonal grid) and their operational use is sensitive 
to local wind and weather patterns. 
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must be searched by the patrols to ensure covering all potential danger 

spots. Also, lightning fires usually occur in groups, rather than 

singly. This combination of large area and grouped occurrences often 

over-extends the capabilities of the system to find and suppress fires.
(2) 

If realtime knowledge were available of actual lightning strikes and of 

precipitation accompanying the storm, the patrols could reduce their 

area of coverage and concentrate on the more probable fire areas. 

The same meteorological reporting can be used to help forecast 

the spread of existing fires, predict damage over time and make more 

effective use of fire fighting crews. 

BENEFITS 	 • 

Fire damages $15-20 million of forest resources each year. (3) 

Annual fire fighting costs amount to $8-10 million. And another $30 

million is spent each year to maintain organizations and equipment to 

be able to fight the fires when they occur. 

If the trend continues, planned expenses in the 1977-86 time 

period will total $473 million (Figure El). 

If realtime data of lightning strikes and meteorological 

conditions increases the efficiency of the organization by only 10%, 

the growth rate of planned costs (capital, maintenance, overhead) could 

be cut in half between the years 1977-1986 to 6 million dollars a year. 

(2) "The average elapsed time of 15 hours from fire discovery to initial 
attack helps explain the fact that 20 percent of all fires exceeded 
500 acres. Initial attack time increased with increasing fire load, 
an indication that the fire control agency could not cope with fire 
control problem during periods of high fire incidence..." from A 
Statistical Summary of Forest Fires in the Yukon Territory 1966-1970, 
Kiil, A.D.,'11/71, Environment Canada, page 18. 

(3) In stumpage value only. The loss to watersheds, wildlife, aesthetics, 
recreation, etc. are in addition to this value. 
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Rather than cut the budget, however, the fire fighting agencies 

would use their more efficient operations to reduce fire damage. Large 

fires usually occur during "fire busts" when too many fires start for the 

system to suppress them all while they are small. Therefore, efficiency 

is difficult to translate into reduced damage. But for , an example, of the 

80 fires occurring each year in the Yukon Territory, suppose no more than 

5 or 6 would be avoided (or suppressed earlier) with better forecasting. 

If these would have developed into average size lightning-caused fires,
(4) 

the saving in damage would be in excess of $25,000 and suppression costs 

would be reduced by 100-200 thousand dollars. (5) 

Since the Yukon is. not typical of forest fire incidence or cost, 

these nuMbers cannot be extended safely to other parts of Canada. The 

relative importance of lightning as a cause of fires is higher in the Yukon 

than elsewhere, but value (damage) of the burned area is four times as high 

In the provinces as in the territories (6) and suppression costs and damage 

which are $1.40 and $1.25 per acre burned in the Yukon exceed $20 and $30 

respectively in the two Western Provinces. (7) However, realizing the 

dangers of extrapolation, the slight edge due to realtime information 

could reasonably save some $266,000 worth of timÉser in Canada each year. 

(4) "In 1969, the average size of 59 lightning-caused fires exceeded 
1900 acres at discovery and 19,000 acres when finally under control." 
A Statistical Summary of Forest Fires in the Yukon Territory 1966- 
1970,  Khi, A.D.; 11/71, Environment Canada, page 18. 

(5) ibid, Figure 2 and Table 1 

(6) Forest Fire Losses in Canada 1968, Lockman, M.R. Forest Fire Research 
Institute, 1970, annual averages for various time periods ending in 
1967. 

(7)Kiil, A.D., page 18 
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COSTS 

Costs are highly dependent on the level of data desired and the 

specific terrain of the protected area. No system for data use is operational, 

and no verifiable estimates are available. 

The meteorological reporting needs stations on a 50 mile grid. 

This is closer spacing than required by the Atmospheric Environment Service. 

Because of the value of realtime data, the network cannot be integrated 

with the existing manual reporting system. The present network must be 

converted to automatic reporting and new stations integrated into the system 

so the meteorological data could be used to forecast fire danger and to 

predict the speed and path of a fire front during a fire fight. 

The lightning strike detectors which can locate and count strikes 

and not just indicate the occurrence of strikes are not currently operational, 

but are within the current state of the art. (8) 

CONCLUSION  

Forest fire control involves identifiable costs of 35-40 million 

dollars a year plus destruction of 15-20 million dollars worth of trees. 

Data retransmission has definite roles to play in aiding fire detection and 

suppression. An analysis of methods and cost of forest fire control is 

needed to determine the savings due to given levels of data availability. 

This work should involve all of the government agencies across Canada 

responsible for forest fire control. An estimated 10 year reduction of 

$250,000 in damage in the Yukon alone and 2.7 million dollars for the 

country as a whole suggests that such a study is justified. 

(8) Discussion with Dr. P.H. Kourtz of the Forest Fire Research Institute. 
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AIRCRAFT CRASH LOCATION  

Air navigation in the north is difficult becasse of the lack 

of ground-based aids, infrequent landmarks and poor weather. Private and 

business pilots cannot afford expensive inertial navigation systems. They 

must stay on the few airways if they are to receive assistance from Air 

Traffic Control. Once an aircraft is forced down by weather or equipment 

failure, the occupants are in serious danger. Emergency landing fields 

are scarce, so safe landings are difficult. Once an aircraft has been 

forced down, rescue usually depends on being "found" by airborne searchers. 

Large scale flying operations are maintained for the search and rescue of 

lost aircraft in the North. Recently areas larger than the country of 

France have been searched to locate a single aircraft. 

Search and rescue operations will be conducted for about 1300 

downed aircraft over the next 10 years at a cost of 75 million dollars. 

Radio location of downed aircraft could avoid much of this cost. Modern 

technology and satellite communications can make such systems feasible. 

The present homing beacons require that aircraft be in the 

vicinity of the dawned aircraft to pick up the signal. In areas with 

radar coverage, and heavy air traffic this might be adequate. In northern 

Canada it is not exceptionally effective. 

A system that can transmit location would enable rescuers to fly 

to the immediate area for rescue. Presently, these systems must be tied 

to an on-board navigation system, so are very expensive. A concept has 

been Proposed to work with the VLF OMEGA navigation net presently in 

existence. The OMEGA signal is received, upconverted, and retransmitted 

at UHF frequency via satellite to a central control system where the 

location is computed. A transponder and transceiver would be required 

on board the aircraft. In the event of a crash, an emergency signal 

and self-arming beacon would be activated manually or on impact. ATC 



- 2 - 	 APPENDIX F  

would track the aircraft during flight. Upon crashing, the emergency signal 

would alert rescue aircraft. The last computed position would enable them to 

locate the crash site accurately enough to receive and "home" on the beacon 

signal. 

This equipment, if produced for $2000, could be legislated into 

use in the North. An NRC study (1) estimates that such a system could save 

more than 60 million dollars over a 10 year period in search and rescue 

operations and perhaps rescue an added 100 persons alive. Even with a cost 

of 33 million dollars for the equipment, NRC accepts net benefit of almost 

3 million dollars and 10 lives per year. 

CONCLUSION  

The aviation community has a need for data transmission in remote 

northern areas. Equipment and legislation do not exist to fulfill this need. 

Technology exists to develop a system capable of saving 3 million dollars 

each year in search and rescue operations alone. A satellite data trans-

mission link is One of the facilities needed to complete this system. 

(1) NRC Laboratory Technical Report, Locating People in High Latitudes, 
LTR-FR-32 A, October 1971, Ottawa, Ontario, page 6 
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Emergency Radio Beacon Systems Using Satellite Data Relay  

1. Introduction  

There is considerable potential in the application of satellite 

surveillance to search and rescue operations. There are, however,.many 

techniques and tradeoffs possible so the choice of any particular system 

is complex. An outline of the principle systems is given here. The 

systems described involve the location of distress incidents by the 

reception of signals from emergency radio beacons activated at the distress 

incident location. The method of location which can be used is largely 

dependant on the orbit parameters of the satellite and as a result not all 

the systems described can be used with the satellite described in the 

report. Since coverage at high latitudes is of particular interest to 

Canada, three different orbits are signficant. The orbits and related 

system constraints are briefly described below. 

1. Equatorial Geostationary Orbit  

A satellite in geostationary orbit will provide continuous 
coverage over about one third of the surface of the earth. 

However, because of horizon cut-off8  coverage is restricted 
to the non-polar regions between 81 N and 81°S latitude: 
moreover, if a minimum elevation angle to the satellite of 

5
0 is imposed, coverage will be reduced to the region between 

76°N and 76
o S latitude. Such coverage will be further reduced 

dependant on the terrain in which the beacon is located. 

2. Inclined Orbit at Synchronous Altitude  

A satellite can be placed in a 24 hour inclined orbit. 
By such means coverage coulkii be extended to higher 
latitudes. Htgh latitude coverage would, however, 
be provided for not more than twelve hours a day and to 
obtain continuous coverage more than one satellite 
would be required. DOC is currently studying the 
application of a satellite, having an orbit inclination 
of between 5°  and 10° , to extend coverage into high 
latitude regions. A discussion of orbits with higher 
inclinations is included in reference 1. 
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3. 	Polar Orbit at Low Altitude  

A satellite in a low altitude polar orbit may be 
considered as a receiver travelling around the 
world. In order to compromise between the up-
link power required from the emergency beacons 
and satellite earth coverage, the preferred 
satellite altitude would be between 400 and 
1000 miles. ( The low altitude provides a space 
propogation loss advantage of approximately 30dB 
over the synchronous altitude space loss thus 
providing a significant reduction in beacon trans-
mitter power requirements ). Such a satellite 
would complete an orbit in about two hours and 
complete world coverage about every twelve hours. 
Data collected during orbit would require to be 
stored on board the satellite until communication 
with an earth terminal was possible. In order to 
provide faster response time more than one 
satellite would be required. 

The location of distress incidents may be determined either 

from the transmission of navigational signals from the beacon defining 

the location or from triangulation on the beacon signal received by 

the satellite. The emergency radio beacon systems using a satellite, 

which are of particular significance,  are  now described together with 

brief summaries of the advantages and disadvantages of each. The system ,  

on , which the most work has been done to this time, and for which an 

experimental phase is being planned, is the Global Rescue and Alarm Network 

described in the next chapter. 
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2. 	The Global Rescue Alarm Network  (GRAN) 

A global rescue alarm network has been proposed by the U.S. 

Navy to provide worldwide location of distress incidents. The concept 

is based on the retransmission of OMEGA navigational  signais  from the 

distress incident location via a satellite to a central earth terminal 

for processing. The system concept is illustrated in FIG 1. 

OMEGA is a very low frequency (VLF) radio navigation system 

operating in the internationally allocated navigation band between 10 

and 14 kilohertz. By measuring the phase of signals, radiated by OMEGA 

transmitters, the geographic coordinates of the location where the 

measurements were made can be determined. The system has been operating 

experimentally for several years. Full operational status with world 

• wide coverage from eight transmitting stations is planned for the mid 

1970's. Currently each station transmits;three time-shared frequencies, 

10-20 kHz, 11•33 kHz and 13-60 kHz; however, to further eliminate possible 

positional ambiguities a fourth transmission frequency of 10-88 kHz is 

being added. Each station transmits each of four frequencies in a unique 

format over a transmission interval of 10 seconds. Each frequency is 

transmitted once during the transmission interval for a period of 

approximately one second and each station repeats the transmission 

cycle every 10 seconds. 

The fundamental measurement in OMEGA is the phases of the 10-20 

kHz signals  transmitted from the different stations. Since the transmitted 
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phases are absolute, ( that is, the corresponding currents supplied to the 

antennas are always in phase ), measurements of the phase of the 1020 kHz 

singals received from different OMEGA stations may be taken in pairs to 

give hyperbolic position lines. However, if positional measurements are 

made in terms of carrier phase at only one frequency, phase observations 

will be identical at a large number of points over the earths surface in 

a nearly rectangular grid. At 10•20 kHz the separation of such ambiguous 

points would be about 8 nautical miles. If a second measurement of a line 

of position at a frequency of 3400 Hz ( 1/3 of 1020 kHz ) were made, such 

a measurement would coincide with one of three possible 1020 kHz positions, 

( provided the error of measurement was less than one half the period of 

the higher frequency ). Thus the separation of ambiguous points would be 

extended out to about 24 nautical miles. Since 3400 Hz cannot be success-

fully radiated from an OMEGA antenna such comparison is made by measuring 

the phase of the beat between the 10.20 kHz and the 13•60 kHz signals. 

The 10.20 kHz and 13.60 kHz signals are not radiated simultaneously thus, 

in the case of the CRAN system, the 1020 kHz signal must be stored at 

the central earth terminal and compared with the 1360 kHz signal when 

the 1360 kHz signal appears. Similarily, by comparing the stored 10 •20 

kHz signal with the 1133 kHz and 10-88 kHz signals, beat frequencies of 

1133 Hz and 680 Hz are obtained. Additional phase comparisons using the 

1133 Hz and 680 Hz frequencies extend the separation of ambiguous points 

out to 72 nautical miles and 360 nautical miles respectively. 

When a distress incident occurs a special radio unit ( SARCOM ) 

will be activated at the distress incident location to receive the OMEGA 

signals at the scene of the incident. The OMEGA signals will then be 



converted in the SARCOM to UHF and transmitted via a satellite * 

( SARSAT ) to a rescue central earth terminal ( SARCEN ) for 

processing to determine the location of the distress incident. 

The SARCOM units will be small, weighing about 1 1/2 pounds. 

The units will consist of a VLF antenna and receiver, OMEGA tone 

filters, local oscillators and a UHF transmitter and antenna. The units 

will be capable of 30 minutes of operation and a maximum power output 

of 5 watts. Transmission will be in the worldwide satellite search-and-

rescue ( SAR ) band between 406.0 and 406.1 MHz. With a transmitted 

bandwidth of 25 kHz a maximum of 40 simultaneous users can be handled. 

In operation SARCOM transmissions would consist of the following automatic 

modes transmitted in a continuous sequence: 

Mode 1 Acquisition 	 (15 Seconds) 

The SARCOM will transmit an Acquisition/Reference ( A/R ) 

tone at full power output to provide a locking signal for a SARCEN 

sub-receiver. 

* The CRAN system will utilise géostatiônary'satellites to telay distress 

information. 



Mode 2 Identifier 	 ( 2 Secs ) 

The AIR  tone will be digitally modulated by a uniquely coded 

signal identifying the user. 

Mode 3 OMEGA Retransmission 	( 180 Secs) 

The OMEGA information defining the distress incident location 

will be transmitted along with the A/R tone. 

The transmission of all modes will take approximately three 

minutes and be repeated twice in the half hour period over which the SARCOM 

is designed to operate. 

The SARSAT transponder currently envisaged for the experimental 

system will utilise a 9 ft. UHF earth coverage antenna to receive SARCOM 

signals. Retransmission to the SARCEN is expected to be in the 4 GHz 

region. 

The SARCEN earth terminal will receive the 100 kHz wide 4 GHz 

spectrum and downconvert the spectrum to 5 MHz. The 100 kHz wide spectrum 

will then pass into up to 40 subreceivers. By mixing with one of the 40 

available mixing frequencies each of the sub-receivers may be assigned to 

one of the 2.5 kHz channels in the received spectrum. Each of the sub-

receivers will contain a phase-locked-loop ( PLL ) demodulator controlled 

by a reference oscillator. When a SARCOM transmission is received the 

sub-receiver must lock onto the tone within the period of the A/R tone 

transmission. The SARCOM identification and position data contained in 
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the subsequent transmissions modes can then be extracted and sent for 

further processing to determine the identity and location of the 

distressed party. 

The principle advantages and disadvantages of the CRAN system 

are given below. 

Advantages 	 Disadvantages  

• All weather operation 

• Wide geographic coverage 

• Provides real time notice 
of an emergency 

• . Provides near real time 
location of distress incident 

• Will operate with only one 
satellite 

• Complex beacon required 

• Operation restricted in 
higher latitudes 

• Operation restricted in 
mountainous areas. 

• V.L.F. propagation 
characteristics must be 
accurately predicted 

Tests have been conducted on an experimental' 

basis to determine the feasibility of the GRAN concept. Average local-

isation errors of 9.5 miles within a 72 nautical mile lane were 

obtained. Details of the experiments are included in reference 2. 



3 Emergency Radio Beacon Systems Using Tone Ranging for Locations  

Various methods of tone ranging on an emergency radio beacon 

are possible. All of the methods involve an accurate knowledge of the 

satellite orbit position so that beacon location can be predicted by 

triangulation techniques. In order to obtain more than one line of 

position measurement for triangulation' more than one satellite must 

be in contact with a beacon. An exception occurs when low orbiting 

satellites are used,as different measurements can be made from different 

satellite positions. However, in the latter case more than one 

satellite may be necessary to reduce response time and positional 

ambiguities. 

Two basic methods of tone ranging on an emergency radio beacon 

are possible. The first basic method involves measuring the doppler 

shift between the beacon and orbiting satellite and can, therefore, 

only be used in conjunction with satellites having low altitude orbits. 

The second basic method involves the accurate measurement of modulated 

tones transmitted from, or through, the radio beacon ' s° that propagation 

times or phase differences can be measured and ranging predictions 

made. 

The principle advantages and disadvantages of tone ranging 

systems using satellites in low orbit and in geostationary orbit are 

given below. 



Disadvantages  
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Tone Ranging Using Low Altitude Satellites  

Advantages  

. All weather operation 

Can provide coverage 
independant of terrain 

• Minimal complexity in 
emergency beacon 

• Multipath effects minimised 

• System operable with only one 
satellite 

• Continuous coverage of any 
area not possible 

• Continuous  monitoring, of etta 
difficult  (je  store and dump 
capabilities may be required) 

• Determination of Satellite 
orbit position in real time 
is complex. 

Tone Ranging Using Geostationary Satellites  

Advantages  Disadvantages  

. All weather operation 

• Provides real time notice 
of an emergency 

• Satellite orbit position 
is easily established 

• Higher beacon transmit power 
required 

• Operation restricted in 
higher latitudes 

• Operation restricted in 
mountainous areas 
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