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Summary.   The purpose of the Public Service Satellite Consortium is to foster the shared
use of satellites as a distribution mechanism for social services in health and education for
public and private non-profit users. The utility of a consortium lies in its ability to
aggregate a large number of small, diverse users into a market group which can then share
the costs for the space segment and take advantage of the economies of scale in
procurement of ground equipment. A summary of the technical analysis of the alternatives
for both the space and ground segment equipments is presented, along with cost estimates.
The recommended configuration consists of 20-watt transponders and on the ground,
eight- to fifteen-foot diameter antennas, using parametric amplifiers. The capital cost for
the electronics alone for a Community Antenna is under $9,500 in quantities of 1000 units.
This low relative cost makes it possible for many new users to benefit from satellite
technology.

Introduction.   The Health-Education Telecommunications experiment (HET) on the
Applications Technology-6 (ATS-6) spacecraft has had a great deal of success in both the
technical area of delivering a high-quality video signal to low-cost ground terminals
operated by unskilled laymen, and in the quality of the programming or services provided
(1, 2, 3). This success, coupled with the transfer of ATS-6 to India for a year, has
prompted a number of the principals in the HET experiment and others to form the Public
Service Satellite Consortium (PSSC). The purpose of the consortium is to foster the shared
use of satellites as a distribution mechanism for social services in health and education for
both public and private nonprofit users. The utility of a consortium lies in its ability to
aggregate a large number of small, diverse users into a market group which can then share
the costs for the space segment and take advantage of the economies of scale in
procurement of ground station equipments. Some of the present members of the
consortium include the Corporation for Public Broadcasting, National Public Radio,
Miami-Dade Community College, the Ilinois Instructional Television Distribution



Network, the California Consortium, Stanford University, and the Telecommunications
Department of the State of Alaska.

The consortium was formed largely because there is no means of obtaining video
distribution to small, sparsely located users with small terminals from commercial common
carriers, nor is such service planned for in any of the domestic satellite systems, in spite of
the fact that the potential demand for service is large, both in terms of transponder channel
hours and number of ground terminals. In a questionnaire conducted by the ad hoc Traffic
Subcommittee of the PSSC in January, 1975, it was learned that with only 19 respondents,
including Public Broadcasting Service (PBS) programming, the total annual demand for
one-way television exceeded 31,000 channel hours. Without PBS, the demand exceeded
15,000 channel hours. The time distribution of the demand without PBS was such that
81% of the demand could be satisfied with two transponders. The peak demand was for
four transponders, and with PBS participation, the peak demand was for seven
transponders. The number of terminals reported to be needed was over 2000. A number of
respondents expressed an interest in mobile video uplinks and over 10,000 hours were
requested for two-way audio/data services.

This potentially large number of users and terminals represents a radical departure from the
present configuration of satellite communications systems, in which comparatively few
large terminals support high-density trunk traffic with 5-watt transponders. When used
with 5-watt transponders, the cost for these large terminals, and for smaller terminals
better suited to individual users needs, is in excess of $60,000 each, thus putting them
beyond the reach of most consortium members) especially when compared to HET
terminals at $4,300 each. Since we are planning a system which is so different from the
commercial operations, we have approached the analysis from the standpoint of how
things ought to be in every respect for this new type of communications user in the public
sector. We have analyzed the system alternatives using higher powered transponders from
the viewpoint of minimizing the joint costs of the space segment and ground segment,
subject to certain constraints, over a very wide range of potential demand for terminals and
transponders. The following is a description of highlights of this analysis which has been
developed over a five-year period at Stanford University and the Federation of Rocky
Mountain States.

Technical Considerations.   Based on the stated needs for service from potential users,
seven generic classes of stations have been formulated. The type of user, quantity, range of
station, function, signal quality, and redundancy needed are summarized in Table I.

The “HET” Retrofits, Community Antenna type of receivers, and the mobile video uplinks
are intended for use at the point of installation. Redistribution sites require a slightly higher
signal quality in order to eventually provide a 42 dB or better picture to the end user. PBS



*The actual location and choice of frequencies for uplinks and downlinks is critical to this
problem. Rural location will be much easier to clear than urban locations.

and NPR terminals may or may not be located at the point of use., depending on whether
or not the location can be cleared with the FCC.* If a PBS/NPR affiliate location cannot be
cleared, then another location must be found, and the signals must be brought to the point
of use via terrestrial means. A unified and systematic approach to obtaining clearances for
a large number of non-commercial users will be one of the major tasks of the consortium.

Viable Space Segment Alternatives and the Optimization Question.   The critical
question we are trying to answer is how to allocate the burden of performance between the
space segment and ground segment most economically. Consequently, the cost for
transponder time as a function of power level and the cost for ground receiver systems (in
quantity) as a function of sensitivity (G/T) is critical to this analysis. Working closely with
vendors, we have assembled a consistent data base which covers a 5-W to 100-W range of
satellite power and a commensurate range of ground station performance.

The alternatives for spacecraft transponder configurations are summarized in Table II.
They range from a small spinner in a single satellite system to a hybrid satellite with high
and low power transponders to a three-satellite system with all high-powered
transponders. The last system is the most cost-effective in that all participants could use
small, lowcost terminals, and thereby minimize their capital outlay and their annual
revenue requirements. But this system also requires the most initial capital and the highest
initial demand to sustain the total annual revenue requirements. The major difference
between a one-satellite and a three-satellite system is overall reliability (any extra capacity
on the second spacecraft may be used on a preemptible basis, in case the first spacecraft
suffers a catastrophic failure).

A lower bound on the cost for transponder time was determined in the following way. We
assume that the annual costs would be derived from that fraction of the capital cost of the
space segment which is proportional to the actual capacity being used. That is, if a
spacecraft could carry five 20-W transponders maximum, the annual costs for one
transponder would be based on one-fifth of the overall system capital costs. Under this
assumption, the spacecraft owner would be responsible for disposing of any excess
capacity himself. We recognize that ultimately the price paid will involve a number of
additional considerations such as duration of a lease, total number of transponders leased,
and the spacecraft owner’s perception of his likelihood of disposing of his excess capacity,
if any. This knowledge will enable the consortium to decide between leasing transponders
and owning the spacecraft entirely. We have dwelt on the space segment costs because the
investment under consideration is on the order of 30 to 80 million dollars, and there is no
previous experience or data base from which to extrapolate.



The remainder of the costing data base includes estimates for the capital cost of
equipment, shipping and storage, site preparation, frequency coordination, installation,
maintenance, and spares, all tabulated individually to reflect the actual variations (such as
the variation in installation cost as a function of antenna diameter). Actual costs
experienced by a particular user will depend on his exact requirements. We have therefore
included a high and low estimate for all other capital costs.

A 95% learning curve is applied to assess the cost for volume purchases. For a given
demand, audio and video performance, and transponder power level, all meaningful
combinations of ground equipments are costed and compared; and the “optimum” group of
equipments is determined. Since the actual demand is not known, we select system
parameters which are optimal over as broad a range of expected demand and performance
as possible. By creating a market for these optimal components, the consortium will enable
qualified vendors to offer the necessary terminal apparatus as catalog items. The baseline
system parameters resulting from this analysis are summarized in Table III.

We have recommended the use of 14 GHz for uplinks to reduce the cost of clearing the
uplinks and to increase the likelihood of achieving colocation of the uplink at the point of
use. The use of 20-W transponders appears to be optimal over a wide range of demand,
extending to 10,000 terminals. The estimated capital cost for the terminal electronics for a
Community Antenna system is approximately $9,300 in quantities of 1000 units under a
block purchase. The entire capital outlay is approximately $16,600 per unit. Note that
everyone uses the same low-noise GaAs FET amplifier for the front-end. This price
estimate is in sharp contrast with the $66,000 estimate for the equipment needed for
operation with presently available 5-W transponders, and points dramatically to the reason
for considering a new satellite configuration.

This configuration provides the space segment reliability required by PBS and NPR, and
permits these agencies to expand their service coverage beyond the present urban stations
if they so desire at a greatly reduced capital investment. That is, PBS transmissions could
be received by either redistribution stations or Community Antenna stations for one-third
to one-fifth the cost of a station needed if only 5-W transponders were used.

We have also examined the same three-satellite case with 50-W transponders, as shown in
Table IV. In this case, a further reduction in the cost of terminal electronics is obtained;
and transistor amplifiers are used in all front ends instead of paramps. The estimated cost
of the Community Antenna system becomes $5,800, a substantial reduction from $9,300.
There are much higher annual costs for transponder time, however. The 50-W case is
important to consider in detail because it is necessary for the consortium to decide what an
acceptable minimum cost for a terminal will be in order to foster market development. The
additional cost for the space segment using 50-W tubes may be viewed as a front-end



**Use of a single large spinner with annual utilization of 33% is assumed. Per-hour cost of
transponder time is assumed to be $742. (Cf: Table V.)

market development cost. However, the use of 20-W transponders provides the satellite
owners with greater on-board capacity and therefore more risk in terms of disposing of the
unused capacity, and therefore they might be less willing to sell transponder time under the
favorable costing philosophy that is assumed.

Transponder Time Cost Estimates.   The annual costs for transponder time are given in
Table V. These costs are derived from capital cost estimates provided by satellite
manufacturers, and include an 80% markup on top of the annualized capital cost to reflect
factors for profit margin., maintenance costs, general overhead, administration, and cost of
sales. We have assumed an interest rate of 12% and a payback period of five years
(recognizing that these two factors are extremely variable) because they provide costs
which correspond to current quotations for commercial time on 5-W transponders.

The hourly costs for a transponder are computed from the annual costs by assuming that at
best, the average annual utilization of that transponder is 67% , and at worst it is only
33%. This results in a range for a 20-W transponder of $412-$824 per hour for the full-
scale three-satellite system. By comparison, the costs for a single satellite system using a
large spinner range from $371-$742 per hour, which is comparable.

The economies of scale inherent in the large spacecraft are reflected in the hourly cost for
a small spinner, which range from $516-$1,031 per hour for a 20-W transponder.

Use of 50-W transponders increases the hourly costs by almost a factor of two over the
20-W case, except in the case of a small spinner, where it is clearly necessary to own the
space segment outright, and thereby eliminate the 90% markup.

Sample Cost Comparison.   Prospective members of the consortium must determine
whether their participation would be cost-effective. Suppose, for example, that the
Veteran’s Administration decides to equip a total of 20 hospitals located rurally and not
affiliated with teaching institutions, with the express purpose of providing workshop
opportunities for paramedical personnel, diagnostic training and updating in various
specialties for medical personnel, and seminars on current topics of interest or potential
benefit to all personnel in the medical business. If such programs were presented only
twice a week for 40 weeks, the estimated upperbound for the annual cost of space segment
would be $35,640.** If there were only 200 people (out of a possible 1000) who directly
benefited., this average cost of $178.20 per person is still less than the average cost
incurred by a person to attend a workshop or seminar in a nearby city, when one includes
travel and lost time on the job. A more complete analysis would have to include the cost of
production of suitable material, coordination of program utilization, feedback and



***A 12% interest rate is assumed.

evaluation, and so forth. But the single important fact remains that more people could
participate with less time lost in travel than without a satellite distribution system. If the
ground equipment capital cost of $15,000 is amortized over a ten-year period, the annual
cost per hospital is $2,940***, or $58,800 for the total of 20 hospitals. Consequently, the
equipment and space segment costs to the entire Veterans Administration (VA), exclusive
of personnel or programing, amounts to $93,440 per year. The VA must determine what
level of participation and what mix of programming would make such a service attractive,
either in comparison to what is now available or on the basis of providing an entirely new
service.

Conclusion.   In conclusion, the favorable experience with the health and education
experiments on the ATS-6 spacecraft and the interest generated by the formation of a
Public Service Satellite Consortium point out both the need for new services and the
recognition that satellites can help supply those services. Aside from purely technical
concerns, the economic and regulatory issues involved in moving such telecommunications
services into the public sector are the major topics of concern within the consortium. We
feel confident that these issues can be resolved to the benefit of many new users.
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 TABLE I
Public Service Satellite Consortium Ground Terminals

TABLE II
Satellite Configurations for the Six Case Studies

STATION TYPE ESTIMATED FUNCTION CHANNELS SIIR TERMINAL REDUNDANCY NUMBER 

Public aroad- 150 ViJ~o 3 47 do, 99 .. 99'! Fully redundant rct~·t:ive chain. 
cast service Receive 50 dB, 99,9\ Spares equal in cost to 10\ of 

53 dB, 99\ the total electronics, exclu-
sive of the antenna and test 
equipment. 

National 170 Stereo Any 2 of 56 dB, 99.99\ Fully redundant receive chain. 
Public Audio 6 Network Spares equal in cost to 10\ Radio Receive Stereo of electronics CoSt, exclusive 

Programs of the antenna and test equip-
ment 

Redistribution so-soo Video 2 46 dll, 99.9\ Non-redundant receive chain. 
(ITFS, CATV, Receive Spares equal in cost to 10\ 
FHF, UHF, of electronics cost, exclusive 
Closed Cir- of the antenna and test equip-
cuit) ment 

connuni ty 100-1900 Video l 42 dB, 99.9\ same as -Antenna Receive 

"tlETw Retro- 130 Video l 42 dB, 99,9\ same as above 
fits (ATS-6 Receive 
Receivers) 

Mobile Video s-so Video 1 42 dB, 99. 9\ same as above 
Transmit/ 
Receive 

Fixed Video 1-10 Video l 47 da, 99,99\ Fully redundant receive and 
Origination Transmit/ 50 da, 99.9\ transmit chains. spares equal 

Receive 53 da, 99\ in cost to 10\ of the total 
electronics, exclusive of the 
antenna and test equipment .. 

USERS TRANSPONDER POWER NO. TRANSPONDERS NO. SATELLITES 

I. Consortium SW, Protected 4* 3 (Standard) 
PBS & NPR SW, Protected 6* Same System 

II. Consortium Only Optional, Unprotected 2 1 (Custom) 

III. Consortium Optional, Unprotected 2 l** (Custom) 
PBS & NPR SW, Protected 6* 3 (Standard) 

IV. Consortium Optional, Unprotected 4 l** (Custom) 
PSS & NPR SW, Protected 6* 3 (Standard) 

v. Consortium Optional, Preemptible 4 3 (Custom) 
PBS & NPR Optional, Protected 2*** Same System 

VI. Consortium Optional, Preemptible 6 3 (Custom) 
PBS & NPR Optional, Protected 2*** Same System 

*Half of the transponders provide the required backup. 

**A portion of the satellite capacity may be used to provide primary or backup 
service to commercial customers. 

***PBS multiplexes two channels per transponder. NPR multiplexes four monoaural 
channels in the PBS transponders. 



TABLE III
Three Satellite System with Six 20-W Transponders
Uplink at 14 GHz                        Downlink at 4 GHz

TAB LE IV
Three Satellite System with Six 50-W Transponders
Uplink at 14 GHz                       Downlink at 4 GHz

Conununity Fixed Mobile* 
Station T:i::10e PBS NPR Rcdist. Antenna HET Video Uj2 Video Uo 

Number of Stations 150 170 250 130 5 25 

Antenna Diameter (m) 4. 57 3.67 3.67 3.67 3.05 10 4.57 

System Temperature 230°K 250°K 250°K 250°K 210°K 130°K 130°K 

Trans~itter Power 3kW lSOkW NA NA NA 3kW 3kW 

Terminal Electronics 
Capital Cost 

2 Receivers $20.4K $25.lK** 

l Receiver $12.9K $15. 7K $18.SK $9.3K $6.5K $399K $99K 

Total Capital Cost 

2 Receivers $64.SK $68.lK 

1 Receiver $57.0K $56.SK $31. 9K $16.6K $10.SK $540K $150K 

*Cost estir.iatc does not include a van or studio equipment 

** K = 1000; °K = degrees Kelvin 

Community Fh;ed Mobile* 
Station T:z::ee EM NPR Redist. Antenna .!ill_T V'ideo ue Video UJ2 

Number of Stations 150 170 250 900 130 5 25 

Antenna Diameter (ml 3.67 3.05 3.05 3.05 3.05 10 4.57 

System Temperature 350°K 350°K 350°K 350°K 350°K 350°K 350°K 

Transmitter Power 3kW 150kW NA NA NA 3kW 3kW 

Terminal Electronics 
Capital Cost 

2 Receivers $18. 3K $22.SK** 

l Receiver $ll.3K $12.lK $l5.2K $5.SK $4.3K $384K $87K 

Total Capital Cost 

2 Receiver .. $62.4K $65.SK 

l Receiver $55.4K $52.6K $27.7K $12.SK $8.3K $521K $135K 

* Cost estimate does not include a van or studio equipment. 

** K e:ir 1000; "K = degrees Kelvin 



TABLE V
Annual Cost for Transponder Time

3 Satellite System 20W sow 

6 In-Orbit Transponders 

Total Annual Revenue* 14.3M 28.lM 

$/Transponder-year 2. 38M 4.68M 

$/Transponder-hour** $412-$824 $703-$1407 

Single Satellite System (Larger Spinner) 

2 In-Orbit Transponders 

Total Annual Revenue 4.29M 9.08M 

$/Transponder-year 2.14M 4.54M 

$/Transponder-hour $371-$742 $785-$1570 

Single Satellite system (Small Spinner) 

2 In-Orbit Transponders 

Total Annual Revenue 6.04M 8.14M*** 

$/Transponder-year 3.02M 4.07M 

$/Transponder-hour $516-$1031 $704-$1408 

* Includes $.SM for T,T & C, 180% markup from annualized capital cost, 
12% interest, amortized over five years. 

** Assumes a transponder utilization percentage range from 67% to 33% 
on the average over the entire year. 

*** Own the entire spacecraft, and eliminate the 180% markup. 




