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FOREWORD
 

This report documents the results of a study performed under 

NASA Contract NASW-3030 during FY77-78 by The Aerospace Corporation. 

Mr. Ivan Bekey was the Study Director and Principal Investigator. The 

study was performed under the technical direction of Mr. Donald Saxton, 

Advanced Programs, NASA Marshall Space Flight Center. Mr. 5. vonPuttkamer, 

NASA Headquarters, Office of Space Transportation Systems, was the overall 

Program Manager. 

The report is issued in two volumes. Volume I contains the 

Executive Summary. Volume II contains the full analyses and results of the 

study as well as appendixes and ancillary data. 

A number of inputs were obtained during the study from people 

in various agencies and institutions, and some members of industry. Even 

though an attempt was made to reflect those inputs, the assumptions, numbers, 

views, and conclusions of the study are solely those of the Study Director. 

The characteristics, performance, and cost numbers derived 

in this study represent a "first cut," and were generated without any attempt 

at optimization. They should be viewed as very preliminary, and will un­

doubtedly change with further analysis. 
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1.1 

1. INTRODUCTION
 

BACKGROUND
 

This study is the third in a sequence of investigations into 

advanced space system concepts performed-byThe Aerospace Corporation 

under contract to the NASA Office of Space Transportation Systems begun in 

1975. The first in the series of studies was the identification of a large 

number of concepts (over 100) which appeared to have high potential for 

utility, depended on advanced technology and the availability and use of the 

Space Shuttle, and might be fielded in the 1980-Z000 time period (Ref. 1). 

This set of initiative concepts - together with those identified by the NASA 

Outlook for Space Study - both performed in parallel in 1976, constituted a 

rich set of options for constructing an advanced space plan for the next two 

decades.
 

The second in the series of studies identified a set of, develop­

ment plans for groups of these initiatives to obtain a better understanding of 

possible program evolution as follow-on to the then-just-issued NASA 5-year 

plans, as well as, to identify needed growth in the Space Transportation and 

Orbital Support Systems in that time period (Ref. 2). 

This study represents the third step in which a few of the most 

promising initiatives identified initially, and grouped into development plans 

in the second study, are analyzed in more depth First, to derive more 

confident numbers on their potential performance and characteristics; and 

second, to compare their performance and cost against leading terrestrial 

alternatives designed for the same requirements in order to evaluate their 

potential merits and utility. 

Most of the more attractive initiatives identified in these past 

works took advantage of the complexity inversion phenomenon, in which the 

ability to service larger numbers of users with smaller and less expensive 

user equipment and deliver lower priced services, is made possible by 

1-1
 



deliberately making the satellites larger, more complex, heavier, and 

therefore more costly. The operation of these satellites in synchronous 

orbit, however, enables a single satellite (or at most a few) to provide 

services directly to thousands or millions of users. Thus, the total system 

costs usually favor increasing the size of the satellite inasmuch as the dif­

ferential cost savings thereby made possible in the terminals greatly exceeds 

the increased cost of the satellite. Furthermore, a number of services are 

thus made possible which simply cannot be provided with smaller satellites. 

Examples of these include (as an extreme) - the provision of 

personal and emergency communications to very large numbers of citizens 

wearing wrist-sized terminals, electronic mail distribution to home termi­

nals, distribution of TV programs directly to homes or schools, mass 

library and data bank exchange by small users, small business tele­

conferencing as a means to save travel expenses and time, readout of very 

large numbers of small and inexpensive ground sensors for applications as 

diverse as freight tracking and prevention of undetected hi3acking of nuclear 

powerplant fuel shipments. A number of optical applications also exist ­

such as detecting forest fires by large optical heat detection systems in 

synchronous orbit, coastal zone monitoring for fishing violations, and the 

observation of creep along large numbers of points along fault zones for 

earthquake prediction. The latter is another example of complexity inver­

sion in which the satellite would have a complex laser, however the ground 

units would consist of simple corner reflectors, proliferated at very low 

cost. 

It is examples such as the above that aroused an enthusiasm 

among both lay and technical audiences over the past two years, since the 

first study on advanced concepts was made public. As a result of the report, 

numerous presentations on its contents, and presentations by other people 

on results of similar studies and analyses, an atmosphere is being created 

in which advanced technology satellites designed for earth-oriented applications 

are viewed with increasing favor by the Congress and many people as 
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as' representing fruitful expenditures of public funds. Simultaneously, a 

number of social and institutional questions have been triggered, which are 

beginning to be asked in public forums. This is a very healthy sign, inasmuch 

as technologists can at best hope to stimulate debate on the desirability of 

new applications while removing from such debates uncertainties about cost, 

availability, and performance of the potential systems. Thus, the motiva­

tion behind this study was to perform a definitive first analysis that con­

tributes such data. 

1.2 	 PURPOSE 

The purpose of this study was to develop the characteristics, 

cost, and performance of a few of the more attractive application concepts, 

and to compare them against leading terrestrial alternatives, in order to 

determine their potential, identify those deserving further NASA attention 

and possible inclusion into the formal development planning sequence, and 

serve to initiate a dialogue with the using community and agencies. 

1.3 	 APPROACH 

The approach 	followed in this study was to select a maximum 

of three initiative concepts for detailed analysis from the hundreds identified 

previously; to specify a set of requirements against which the initiative 

design could proceed based on an interpretation of the needs of the using 

community; to perform preliminary designs of the initiatives using the desired 

set of requirements, iterating the requirements as necessary to keep the 

evolving systems feasible yet challenging; to identify leading terrestrial 

alternatives to each of the space initiatives which are capable of performing 

the same functions and meet the same requirements; to perform a one-to-one 

cost comparison of the space and ground concepts, and thus to draw conclusions 

on the advantages and disadvantages of the alternative space and ground solu­

tions of the same problems. 
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At the outset, it was decided that only objective measures 

such as cost and performance would be quantitatively compared, and not 

the more subjective areas of benefits, social risks, institutional impact, 

regulatory agency attitudes, or the general desirability or appeal of the 

potential concepts. Although these more subjective measures clearly 

represent keyLssues that must be addressed prior to any commitment to 

proceed into serious design and development of such system concepts, it was 

felt such subjective analyses were beyond the resources of this study. Thus, 

this study was geared solely to provide technological and cost inputs that 

could be then supplied to those addressing the more subjective issues. 

Both tha space and user equipment segments were, defined in 

the performance of this study, and a development plan was developed for 

each initiative. The general flow of the study is described by Figure 1-1. 

ESTABLISH DETERMINE 

INITIATIVES MISSION 
SET TO BE REQUIREMENTS 

TO BE UTILIZEDDEFINED 
 I~ 
NASA INPUTS, NASA INPUTS,
 
REVIEW, AND REVIEWS, AND 
APPROVAL APPROVAL 

TASK 1 


Figure 1-1. 

SPRELIMINARY DETERM/INE 

AND NASA INPUTS,GN CHARACTERISTICS 
ANDDEFINITION OF PERFORMANCE OF -REVIEW, 

SATELLITES COMPETITIVE APPROVALALTERNATE TECHNIQUES 

EXTRACT 
SIGNIFICANT 

FINDINGS 
DEVELOP PROGRAM j COMPARE SPACE 

I I 

INITIATIVES WITH 
PLAN FOR EACHN 

ALTERNATIVESINITIATIVE DEFINED 
 VES
 
L DOCUMENT 

RESULTS 

PRELIMINARY ESTAB NASA INPUTS, 
INITION O CRITERIA FOR . REVIEW, AND 

USER EQUIPMENT I COMPARISON APPROVAL 

TASK 2
 

Functional Study Description 
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1.4 CONTACTS/DOCUMENTS 

After the initial set of initiatives to be defined were selected, 

a number of data-gathering trips and telephone contacts were made. Discus­

sions were held with various agency and organization personnel in order to 

ascertain what might be a reasonable set of requirements against which to 

design the initiative systems and general alternatives. Peoplewho furnished 

inputs and thoughts regarding useful functions and probable needs of the 

using community included the following:' 

U.S. Postal Service Mr. Ralph Marcotte 

Public Broadcasting Mr. Dan Wells 
System 

Corporation for Public Mr. Brian Brightly 
Broadcasting 1, 

National Institute of Dr. Richard Otte 
Education 

Appalachian Regional
Commis sion 

Mr. Robert Shuman 

Joint Council on Educa- Mr. Frank Norwood 
tional Television 

Public Service Satellite Mr. John Witherspoon and 
Consortium Dr. James Potter 

In addition, discussions and numbers regarding the telephone 
networks in the 1990 time period were contributed by: 

American Telephone and Messrs. Curran Tiffany, Jim 
Telegraph Co. McQuillan, and Robert Guest 

In addition, a document search was performed using many 

sources that resulted in the accumulation of over Z70 documents and 

represented the working library of source material for this study. The list 

of documents utilized is included in this report as Appendix C. 
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1. 	5 REPORT ORGANIZATION 

Section 2 of this report deals briefly with the process of selec­

tion of the initiatives to be analyzed, with the bulk of the process described 

in Appendix B. 

Sections 3, 4, and 5 of this report are independent and com­

plete, each discussing all aspects of one initiative. Each initiative section 

thus includes derivation of the requirements, definition of the concept for the 

satellite and the user terminals, extraction of the development plan, deriva­

tion of the costs, definition of the alternative terrestrial concept and deriva­

tion of its costs, and comparison of the space concept with the ground concept 

on a technical, cost, and operational basis. In Section 6 all three system 

concepts are compared and evaluated in an overall context. 

The Electronic Mail and Educational TV concept sections 

appear much smaller and less detailed than the Personal Communications 

section, even though the analysis depth is equivalent, because the applicable 

analyses are included in those sections by reference to the similar portions 

in the Personal Communications initiative. Section 7 presents the summary 

conclusions and recommendations reached in this study. 
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Z. SELECTION OF INITIATIVES 

The process of selection of the initiatives to be defined pro­

ceeded in two major thrusts. The'first was a decision to make a point design 

for as many initiatives as possible, limited only by the available funding, in 

order to penetrate the initiatives with good depth and thus make the cost and 

performance numbers as credible as possible. The other major options 

available, which were rejected, were the definition of a spectrum of point 

designs for a single application and the definition of a nominal and one growth 

capability for one to two initiatives. The reason was to gain insight into 

the maximum number of initiatives possible and to protect against the 

possibility that a single initiative otherwise selected might prove to be the 

wrong choice, being noncompetitive with terrestrial alternatives. The 

second major thrust was a definition of the criteria for initiative selection. 

The selection process, with full description of the steps used 

for narrowing from the large initial number of choices to the final selec­

tions, is reported in Appendix B, not because it is not important but because 

it was felt that it might distract the reader from the main task of this report, 

which is to furnish information on the selected initiatives themselves. Among 

the criteria used for selection of the initiatives the most prominent were 

(1) the initiatives should perform functions that appear marketable with 

obvious potential benefits and apparent popular appeal, (2) the identification 

of organizations that in principle at least could advocate such a system, 

(3) the existence of readily and credible definable terrestrial alternatives, 

(4) the existence of a data bank or technology to support its definition; its 

availability in the 1985-1990 time frame, (5) its utilization of large struc­

tures, large power, or other'elements associated with other project thrusts 

within NASA for compatibility and mutual support. 

The major candidate systems surviving the preselection 

process included a number of other initiative concepts with potentially 

2-1
 



great public appeal. That list of initiatives is shown in Table 2-1. The 

purpose of including this table here is to point -out that it appeared to the 

team that performed the selection, which included representatives of NASA 

and Aerospace, that many, if not most, of these major options deserve the 

same study attention that the funds only would allow to be spent on three. 

.Studies such as the one reported in this report should therefore be considered 

with high priority for most, if not all, of the items on Table 2- 1. 

Table 2-1. Major Candidate Initiatives 

MOBILE COMMUNI CATIONS 

- PERSONAL/EMERGENCY COMMUNICATIONS 

- PACKAGE!VEHICLE LOCATOR 
- AIR TRAFFIC CONTROL 

FIXED COMMUNICATIONS 

- ELECTRONIC MAIL(HOME-HOME) 
- VIDEO TELECONFERENCING 

- RURAL EDUCATIONAL TV 

REMOTE SENSING
 

- FOREST FIRE DETECTION 

- 200-MILE LIMIT MONITORING 

- EARTHQUAKE FAULT MOVEMENT 

The initiatives selected by the process found in Appendix B 

were an Electronic Mail Delivery system, an Educational Television Distri­

bution system, and a Personal/Emergency Communications system. The 

functions and general orientations of the initiatives selected for further 

definition are illustrated in Table Z-2. Note that a fourth initiative was 

selected to be analyzed if time and resources permitted, which was the 

provision of telephone service to rural areas via communications satellite. 

Unfortunately, time did not permit the addressing of this initiative. 
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Table 2-2. Selected Initiatives 

INITIATIVE FUNCTION 

* Personal Communications - Interconnection of Wrist Radio Personal 
Terminals 

- Pleasure, Business, Mobile Uses 
- Emergency Channels For. 

Panic 
Search/Rescue
 
Disasters 

a Educational TV - Program Dissemination and Interchange 
Within All School Systems In CONUS 

- Open University Learning Center Program 
Distribution/] nteraction 

- Public TV Interconnect? 

* Electronic Mail - Interconnection of Business and 
Government Buildings Directly 

* Rural Telephones - To Be Defined If Time Permits 

Thus, the rest of this study report treats only the three 

initiatives that have been selected. The Personal Communications Initiative 

is treated first in Section 3, inasmuch as its analysis was the most demand­

ing of the three, and many of the subsystems, techniques, and tradeoffs 

defined for it are applicable to the other systems as well. The function 

of the Personal Communications Initiative is the interconnection of wrist­

sized personal radiotelephone terminals for pleasure, business, and emer­

gency use. In Section 4, the Educational TV Initiative is analyzed. Its func­

tion is the dissemination and interchange of educational programs within 

all the school systems and schools in the United States, or similar functions 

for open university learning centers as well as other educational opportuni­

ties. In Section 5, the Electronic Mail Initiative is analyzed and reported. 

Its functions are limited to interchange of the business and government 

sectors of the mail stream, and not penetration of the home mail sector. 
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Sections 3, 4, and 5 of this report are independent and com­

plete, each discussing all aspects of one initiative. Each initiative section 

thus includes derivation of the requirements, definition of the concept for 

the satellite and the user terminals, extraction of the development plan, 

derivation of the costs, definition of the alternative terrestrial concept and 

derivation of its costs, and comparison of the space concept with the ground 

concept on a technical, cost, and operational basis. In Section 6 all three 

system concepts are compared and evaluated in an overall context. 

The Electronic Mail and Educational TV concept sections 

appear much smaller and less detailed than the Personal Communications 

section, even though the analysis depth was equivalent, because the applic­

able analyses are included in those sections by reference to the similar 

portions in the Personal Communications initiative. 
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3. PERSONAL COMMUNICATIONS INITIATIVE
 

This section examines the characteristics, requirements, per­

formance, and costs of an initiative concept to provide personal communica­

tions to a large number of citizen users via wrist-mounted user radiotele­

phones. At the outset, this initiative concept is seen as an extension of 

rather than a replacement of the telephone networks. This philosophy was 

adopted not only to maximize the use of the current investment in the tele­

phone networks, but rather to augment them in providing services that such 

networks find difficult. This includes mobile services and provision of 

services to very thinly populated or wilderness and nature areas where it 

has not proven profitable to provide telephone service in the past. 

As a set of initial guidelines and a number of assumptions were 

made that would guide the definition of the requirements and the development 

of the concept in the following pages. These assumptions and guidelines are 

identified in Table 3-1. Of these, perhaps the most important is that the 

satellite should act as the sole node between users rather than as a relay 

point between the user and fixed ground locations. The reason for that was 

Table 3-1. 	 Assumptions and Guidelines, Personal 
Communications Initiative 

* NO INTERMEDIATE NODES 

* WRIST RADIO, NOT LARGER THAN POCKET RADIO USER SET 

I MASS ACCESS - TRY FOR AT LEAST 10 PERCENT OF POPULATION 

* NO MICROWAVE RADIATION SAFETY PROBLEM 

I IMMEDIATEI:CCESS TO CHANNELS FOR EMERGENCY USES 

I RIGID DISCIPLINE BUILT INTO SYSTEM - AVOID "CB CHAOS" 

* 	 COVER AT LEAST CONUS - HAWAII AND ALASKA DESIRABLE BUT 
OPTIONAL 

I IOC - 1990 OR SOONER 
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an expectancy that in order to prove competitive such a system would have 

to he freed from toll and service charges otherwise inescapable if a ground 

network is used for even part of the user-to-user transmission path. 

A second and most important assumption was a fierce deter­

mination to resist making the user package much larger than a wrist radio 

or a tiny pocket radio set. The temptation to increase the size is great 

inasmuch as it alleviates a number of system problems. The rationale for 

keeping the package small is simply that it maximizes convenience and 

availability of the set to large numbers of people and minimizes the user 

cost, inasmuch as modern microelectronics appear to be priced by the pound. 

Third, the system must operate with rigid and enforced radio discipline to 

avoid the kind of self interference that mass access radio systems otherwise 

usually exhibit. The best example is the chaos that now exists in citizen's 

band (CB) radio; people pay several hundred dollars for a user set that gives 

them the privilege of interferring with each other's transmissions. This 

characteristic has limited the growth of the CE industry inasmuch as people 

find that many times they cannot even use the sets for emergencies, let alone 

for pleasure or business purposes. Thus the need for a discipline in which 

channel access is controlled by the system, and prevents exploitation of the 

spectrum space was felt to be an absolutely indispensible feature of the 

system to be designed. 

Last, it was felt that the intuitive appeal of a "Dick Tracy" 

wrist radio system would create a very large market in which something 

approaching 10 percent of the total expected U. S. 1990 population might be 

considered as the user model. At the prices of current wrist-mounted 

digital electronic devices (such as a digital watch, which retails for under 

$10. 00) such mass access is to be expected rather than hoped for. 

3. 1 REQUIREMENTS 

A geographic and demographic study of the United States 

was performed, utilizing reference library sources, to determine the 

coverage requirements for the Personal Communications system. The 
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first and most important portion of this determination involved the deter­

mination'of the minimum coverage area for each satellite beam footprint. 

This had two parts: the first was the definition of the beam footprint to 

cover the urban and suburban areas, and the second was the'number of beams 

of that size required to cover all of rural areas of the United States. Inas­

much as the former determines the number of the latter, a study was made, 

of the number of cities, towns, and urbanized areas in the U. S. that could be 

covered as a function of the size of the beam footprint. The results of this 

study are summarized in Figure 3-1, which shows that for cities of less than 

one million population the nominal coverage footprint can be as small as 

20 mi in diameter and still cover virtually all of the cities. However, if the 

largest cities in the U.S. are included, the beam footprint must be in the 

order of 50 or 60 mi in diameter for 100 percent coverage. For 90 percent 

Percent of Cities
 
100 With Population - 0-­

25,000-1,000,000
 
Which are Covered by 

80 One Beam Each Minimum Beam = 30 mi(Equiv. Circular) 

PERCENT OF CITIES WITH
 
60 POPULATION >25:00O WHICH


ARE COVERED BY ONE BEAM EACH 
Percent
 

40 
./(Footprint Area) X 

NOMINAL BEAM FOOTPRINT SIZE = /F 4 
20 

16 26 36 46 5b 6b 7b 80 
Beam Nominal Footprint Diameter, Mlles 

Figure 3-1. Determination of Minimum Beam Footprint 
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coverage, the beam footprint diameter can be as small as 30 m. This is 

alleviated somewhat by the expectation that the footprint will not be circular 

(indeed it cannot be from a synchronous equatorial satellite) and more than 

likely will be elliptical with major to minor axis ratio of about 1. 5 to Z for 

the northern-most extremes of latitude and longitude. This size beam is 

expected to cover not only the central city area but the major suburban 

regions associated with each city as well. A number of examples are shown 

for Chicago, Boston, Philadelphia, Los Angeles, Washington, Baltimore, 

Seattle, St. Paul, Minneapolis, Kansas City, and St. Louis as being repre­

sentatives of larger cities in the U. S. In every case, a beam diameter of 

30 mi by 60 mi served well to cover most of the populated regions associ­

ated with the urbanized area. The exception is Los Angeles, which requires 

three overlapping beams for full coverage. These examples are shown in 

Figures 3-Z through 3-7. The total number of urbanized areas with popula­

tion exceeding 25, 000 was determined to be 846. Thus, coverage of the 

urbanized regions was set to require 846 beams each with a 30-mi footprint 

along the minor axis. This determination was made from consideration of 

the distribution of the city sizes and numbers. A determination was then 

made of the total number of users to be expected in each beam and-the total 

number of users for all urban beams. The results of this analysis are 

illustrated in Table 3-2 in which the number of users was determined based 

on the number of beams required to cover the various size cities in the U. S. 

The number of users was based on the assumption that up to 10 percent of 

the expected 1990 population will be a potential market for a personal com­

munications set. The actual urban population reached was doubled to allow 

for the suburban population statistics that were not readily available in the 

reference data at hand and to allow for beam spillover inasmuch as the 3-dB 

beam contours were plotted while the system margin was expected to allow 

for a service area larger than the 30-mi footprint being specified. The 

result was that 17, 850, 000 users are expected in the urban and suburban 

areas, distributed along 846 beams as in Table 3-2 and represent 6. 3 per­

cent of the expected 1990 population. 
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Table 3-2. Urban and Suburban Beam Needs Summary 

NUMBER OF 10% of 1990 NUMBER OF NUMBER OF USERS/ 
CITY SIZE (1970) CITIES POPULATION BEAMSICITY BEAMS BEAM 

>1,000, 000 6 150,000 2 12 75,000 

500,000 - 1,000,000 20 75,000+ 1 20 75,000 

250,000 - 500,000 30 37,500+ 1 30 37,500 
100,000 - 250,000 97 15,000+ 1 97 15,000 

50,000 - 100,000 232 7,500+ 1 232 7,500 

25,000 - 50,000 455 3,750+ 1 455 3,750 

SUBURBAN. 	 The same beams will cover about twice the population, 
into suburban areas This is because of beam spill­
over and elliptical footprints. 

Total Number of Beams ............... ...... 846
 
Total Number of Urban Users ................. 8,426,000
 
Total Number of Suburban Users................ .. 8,426,000
 
Total Users.... ..................... ........16,850,000
 
Percent of 1990 vs. Population................ 6.3%
 

'The second major portion of the beam and coverage determin­

ation involved the rural areas of the country. In this case the total area of 

the United States was assumed covered with contiguous 30-mi minimal axis 

beams with a 35 percent area overlap between adjacent beams to ensure that 

no user would fall outside of the 3-dB contour of any beam. This assumes a 

hexagonal tessellation to cover the United States. The number of rural beams, 

and the expected number of users per beam were determined for each state 

under the previous guidelines. These rural beam needs by state are shown 

in Tables 3-3 through 3-5 and summarized in Table 3-6. Referring to 

Table 3-6, it is seen that the total number of beams of 30-mi minor axis 

required to cover the U.S. is over 7268 and 6084 if Alaska and Hawaii are 

excluded. The total number of users served is about 8, 440,000 represent­

ing 3. 3 percent of the expected 1990 U. S. population. 

3-11
 



Table 3-3. Rural Beam Needs by State 

STATE AREA NUMBER OF RURAL (1970) USERS/BEAM
RURAL BEAMS* POPULATION I -=. 

Alaska 586,000 1,184 185,000 14 

Texas 267,000 540 2,653,000 441 

California 158,000 319 1,406.000 395 

Montana 147,000 297 553,000 167 

New Mexico 121,000 244 683.000 265 

Arizona 114,000 230 476,000 186 

Nevada 110,000 222 99,000 40 

Colorado 104,000 210 456,000 195 

Wyoming 98,000 198 350,000 158 

Oregon 97,000 196 855,000 391 

Utah 85,000 171 227,000 119 

Minnesota 84,000 169 1,465,000 776 

Idaho 83,000 167 634,000 339 

Kansas 82,000 165 1.342,000 726 

Nebraska 77,000 155 895,000 517 

South Dakota 77,000 155 573,000 331 

North Dakota 70,000 141 602,000 383 


At 30 milbeam, 35 percent overlap area 

At 10 percent of population, 1970 
At 10 percent of population, 1990 (at 2 5 percentlyear growth) 

USERSLBEAM­

21 
661 
592 
250 
397 
279 
60 

292 
238 
586 
179 

1,164 
509 

1,090 
776 
497 
574
 

USERSIBEAM 

1,155 
1,646 

953 
2,373 
1,317 
1,863 
2,592 
2,258 
2,174 
1,578
 
3,782 
1,827 
2,760 
2,032 
2,461
 
3,467 
2,408 

Table 3-4. 

STATE AREA 

Oklahoma 70,000 
Missouri 70,000 
Washington 68,000 
Georgia 59,000 
Florida 58,000 
Michigan 58,000 
Illinois 56,000 
Iowa 56,000 
Wisconsin 56,000 
Arkansas 53,000 
North Carolina 52,000 
Alabama 51,000 
New York 50,000 
Louisiana 48,000 
Mississippi 48,000 
Pennsylvania 45,000 
Tennessee 42,000 

Rural Beam Needs by State 

NUMBER OF 
RURAL BEAMS-

141 
141 
137 
119 
116 
116 

112 
112 
112 
107 

105 
102 
100 
96 
96 

91 
84 

RURAL(1970)
POPULATION 

1,211,000 
1,726, 000 

972, 000 
2,103, 000 
1,139, 000 
1.612, 000 
2,170 000 
1,890 000 
1,819, 000 
1,254, 000 

2,953, 000 
1,388, 000 
2.058, 000 
1,458, 000 
1,766, 000 

2,341, 000 
1,507, 000 

At 30 milbeam, 35 percent overlap area 
At 10 percent of population, 1970 
At 10 percent of population, 1990 (at 2.5 percentlyear growth) 
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USERSIBEAM 

770 
1,097 

635 
1,582 

878 
1,242 
1,728 
1,505 
1,449 
1,052 

2,521 
1,218 
1,840 
1,354 
1,641 

2,311 
1,605 



Table 3-5. Rural Beam Needs by State 

NUMBER OF RURAL(1970) USERS/BEAM USERS/BEAM
 
STATE AREA 

Ohio 41,000 
Virginia 41,000 
Kentucky 40,000 
Indiana 36,000 
Maine 33,000 
South Carolina 31,000 
West Virginia 24,000 
Maryland 11,000 
Vermont 10,000 
New Hampshire 9,000 
Massachusetts 8,000 
NewiJersey 8,000 
Hawaii 6,000 
Connecticut 5,000 
Delaware 2,000 
Rhode Island 1,000 

RURAL BEAMS* 

82 
82 
80 
73 
66 
62 
48 
22 
19 
18 
16 
16 
12 
10 
4 
2 

POPULATION 

2,174 000 
1,671,000 
1,804,000 
1,859,000 


723 000 
1,442,000 
1,139,000 

598,000 
469,000 
395.000 
175,000 
437,000 
146 000 
241,000 
170,000 
99,000 

2,368 3,553 
1,820 2,731 
2,011 3,017 
2,288 3,432 

980 1,470 
2,071 3,106 
2,117 3,175 
2,465 3,697 
2,119 3,178 
1,973 2,960 

976 1,464 
2,441 3,661 
1,158 1,737 
2,290 3,435 
4,050 6,075 
4,700 7,050 

At 30 mi/beam, 35 percent overlap area 
* At 10 percent of population, 1970 

... At 10 percent of population, 1990 (at 2.5 percentlyear growth) 

Table 3-6. Rural Beam Needs Summary 

TOTAL NUMBER PERCENT OF U.S.COVERAGE OFBAS TOTAL USERS SERVED'* OULTOOF BEAMS TALUEPOPULATI ON 

AlIU.S.A. 6084 8,414,000 3.3
 

(Not Alaska or Hawaii)
 

All U.S.A. 7268 8,440,000 3.3 

@10 Percent of 1990 Population 
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The total coverage and beam requirements were then collected 

and are shown in summary form in Table 3-7. In this table the assumption 

is made for the rural beams that Hawaii and Alaska are excluded from cover­

age. Although this need not be the case in a real design, the decision for 

this was based on some preliminary antenna design work that hinted difficul­

ties in antenna design for the large numbers of beams of such small diameter 

subtending angles at the satellite representing longitude deviations from the 

satellite nadir of more than about 3 deg. Thus, coverage for the continental 

and contiguous United States appeared feasible but the 6-deg requirement 

to also cover Alaska and Hawaii appeared to be marginal. In later analyses 

this turned out to be probably over-pessimistic and it now appears as though 

coverage of all 50 states may well be possible from a single satellite. How­

ever, the a ssumptions of Table 3-7 were used for the rest of the analysis. 

The total number of beams for the U.S. is then 6, 930 serving Z5, Z44, 000 

people, representing almost 10 percent of the U. S. population expected to 

exist in 1990. 

A further set of considerations to define the system require­

ments specification was made in which it was set that the user must have 

total mobility anywhere in the U. S. with communications limitations only 

inside tunnels and shielded buildings. Communications was desired using 

Table 3-7. Coverage Requirements Summary, Personal 
Communications 

COVERAGE 
NUMBER OF

BEAMS* USERS SERVED 
PERCENT OF 1990
POPULATION 

URBAN AND 846 16,830,000 6.7 
SUBURBAN 

RURAL' 6084 8,414,000 3.3 

TOTAL FOR U.S.A *04 6930 25,244 000 9.3 

Beam Footprint = 30-Mile Circular Equivalent
@10 Percent of 1990 Population 
Not including Hawaii and Alaska 
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3 kHz normal'voice rather than by morse code or a small teletypewriter. 

The antenna for the wrist unit should be self-contained, however an extend­

ible structure might be permitted for use in fringe reception or transmission 

areas, although it was considered undesirable as an initial specification. 

The access time for the user in obtaining a channel upon demand was con­

.sidered to be acceptable if it did not exceed 1 mm during nonpeak hours and 

10 min during peak hours provided that emergency channels would essentially 

be available instantaneously on demand. The use time of the system was felt 

to be at least a minimum of I min and probably not very much longer, inas­

much as most messages can be conveyed with ease in a 1-mn time period 

by they personal or emergency. It is felt the system should be capable of 

responding to requests of users for longer channel usage time when channel 

loading permits and perhaps respond with a charge structure escalating 

with time. The short messages, however, would ensure freedom from 
"chewing the fat" or channel-hogging and assure maximum number of users 

access to radio channels. It was desirable that the user access be nonblock­

ing, i. e. , when a user requests a channel, except for the normal waiting 

tbine for channel assignment, no extra waiting time would accrue due to 

equipment linutations. 

The life of the wrist radio was felt to be reasonable if it 

would allow several conversations during any one 24-hr day allowing 

an 8-hr overnight recharge period for the batteries in the wrist unit. 

Preferably the equipment should be capable of being turned on for 1-hr con­

tinuously to handle expected emergencies. It was felt to be undesirable for 

the wrist terminal consumer price to retail for more than $100 in order to 

penetrate the maximum population market, as has been assumed in the 

previous tables. A further consideration of the microwave radiation danger 

was felt to be necessary to gain consumer acceptance in view of possible 

environmental opposition, and thus the criteria for radiation safety was 

taken to be not the 10- Z w/sqcm of the current U.S. standard for permis­

sible long-term, whole-body microwave radiation absorption, but rather 

10- 4 W/sqcm at 10 cm distance, exceeding by an order of magnitude the 

Russian standard and by two orders of magnitude the U.S. standard for 
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radiation safety. These requirements or specifications, as well as others 

applying to the system, are -sh6wn ii Table 3-8. With respect to the systems 

requirements, the satellite longitude would obviously be over the U. S. , the 

desirable,.operational time should begin about 1990, and the satellite to be 

serviceable for at least a 10-yr period whether designed for long life or 

maintained on-orbit. Billing for the services was assumed to occur through 

the U. S. mail or telephone bills to be handled by a central operations control 

center located somewhere in the U. S. , which would double to all operations 

of the satellite system. 

Table 3-8. System Requirements Specification -


Personal Communications
 

USERS 	 SYSTEM
 

* NUMBER - 25,000,000 	 0 FREQUENCIESIL IMITS - 4.7-49 GHz 

* LOCATION - All Contiguous 48 States S SATELLITE LOCATIONS - Over USA 

* MOBILITY - Total 	 S FLUX DENSITY LIMITS - NIA 

* INFORMATION RATE -	 3 kHz Voice I OPERATIONAL TIME - 1990 

* 	 USER AGGREGATION - Dispersed as I LIFEISERVICING CONCEPTS - 10-yr minimum 
Population (Unmanned or Manned) 

I ANTENNA SIZE LIMIT - Wrist Package S INTERFACES WITH OTHER 
(Could Have Extendible Structure NETWORKS/SERVICES ­
for Weak Areas) Telephone Service Drops - Common Carriers 

I 	 ACCESS TIME -1< 1 mm - Non Peak Hours Billing for Services Through US Mail 
1<10 min - Peak Hours Central Operational Control Center, One 

* USE TIME - >1 mn Minimum 	 Anywhere in USA 

I TERMINAL LIFE - J> 1 hr Continuous
 
3 24 hr Intermittent
 

* 	 PREFERRED OR MAXIMUM
 
TERMINAL COST - < $100
 

* 	 SAFETY CONSIDERATIONS - Power Density
 
Less Than 10 4Wlcm2 at 10 cm Distance
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3. Z CONCEPT DEFINITION 

Definition of the Personal Communications Cencept must of 

necessity begin with considerations relating to the limiting elements of the 

link- in this case thewristuser set itself. Because it is so limited in power 

and antenna size, consequent demands will be placed on the satellite receiv­

ing antenna and the uplink will be the dominant limiting factor in the commun­

ications link. A system concept is shown in Figure 3-8, which illustrates 

the personal and emergency uses of such a concept. The definition of this 

concept will be discussed in terms of the selection of the best frequency at 

which to operate, the link calculations that size the communications system, 

the methods required for obtaining multiple access for the very large number 

of users while maintaining system discipline, the definition of the satellite 

design itself, the design of the wrist radio user set, and the derivation of 

the costs of both. 

TRANSMIT BUTTON 

EMERGENCY NUMBER
 

OVERRIDE BUTTON DISPLAY 

PUSH BUTTON 
DIALER 

ANTENNA C20 

MICROPHONE -

LOUDSPEAKER 

iff 

Figure 3-8. Personal Communications 
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3. 2. 1 Frequency Selection 

A number of factors strongly influence the preferred frequency 

selection for the Personal Communications System. One of the foremost is 

that the system must operate at a high enough frequency that the self­

contained, physically small antenna in the wrist unit have a reasonably high 

radiation efficiency when operating in the transmitter mode. Referring 

to Figure 3-9, this implies that the frequency of operations should be in the 

middle microwave region of several gigahertz or higher, since the efficiency 

loss begins to be severe due to losses in the loading coils neces'sary to 

resonate the antenna at lower frequencies. The problem of finding allocations 

at the middle microwave frequencies or higher is difficult, however, due to 

the allocations currently existing and about to be imposed as the result of 

the world administrative conference to occur in 1979 (GWARC-79). From 

0 - 100 

EFFICIEC 

- 10 

. BANDWIDTH 

-10 -
C_ 

--- . EFFICIENCY WHEN TRANSMITTING 1 
/ • ANTENNA DIPOLE in.x0.1in DIA 

- LOADING COI LI in.x 025 in DIA 
/ SHIELDED CASE 0.38 1n. DIA 
/ PRACTICALLY ATTAINABLE Q 

MMATCHED TO 10 ohm OUTPUT 

-20 I 0.1 
100 1000 10,000 

FREQUENCY, MHz 

Figure 3-9. Attainable Efficiency and Bandwidth 
of Wrist Radio Antenna 
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the standpoint of availability of frequencies, the easiest solution would be to 

go into the 20- and 30-GHz regions in which large bandwidths and easy allo­

cations are virtually a certainty, since there is almost no service from 

satellites in this band at this time. However, the problems with operating 

at those wavelengths are not only the excess margin for attenuation due to 

rain that one has to build into the links (which will probably be very marginal 

to begin with), but the requirement to provide an extremely large number of 

simultaneous beams to obtain a given coverage. This point will be discussed 

in much more detail presently. 

The existing frequency allocations from 1. 4 to 31 GHz are 

shown in Tables 3-9 through 3-12. In addition to these specific tables, 

there are probable allocations for satellite mobile applications in the 620 to 

890 MHz region and possibly in the 1 to 2. 5 GHz region for limited applica­

tions. These lower regions are severely congested and the possibility of 

interference with ground-based systems is very high. A review of Tables 

3-9 through 3-12 indicates that a number of frequency bands might be avail­

able for mobile satellite communications systems as allocated by the inter­

national agreements, which the U. S. has further constrained relegating them 

to fixed service only. Mobile satellite services are currently permitted or 

under serious consideration at 800 MHz, 6. 875 to 7. 125 MHz, 17. 7 to 19. 7 

GHz, 27. 5 to Z9. 5 GHz, and a number of other areas. In particular the 

4. 4 to 4. 9 GHz region is allocated for satellite and mobile service inter­

nationally, and is apparently fairly lightly loaded as reported by a Public 

Service Satellite Consortium report (Ref. 3). These bands appear to be 

properly located between the two extremes applicable to personal communi­

cations as discussed above, and should be considered seriously for a Per­

sonal Communications Concept, even though they might require a variance 

from current FCC rules. For the purposes of this study, these bands were 

assumed for a preliminary design with the understanding that feasible designs 

are probably possible for many other frequency bands with some sacrifice 

in system performance or increased requirements in transmitter power, 

antenna size, satellite beamwidths, or all of the above. 
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Table 3-9. L-Band Satellite Frequency Allocations 

FREQUENCY BANDWIDTH UPIDOWN SERVICE 
MHz 

1427 TO 1429 

1525 TO 1535 

1535 TO 1542 5 

1542 5 TO 1543.5 

1543 5 TO 1558 5 

1636 5 TO 1644 

1644 TO 1645 

1645 TO 1660 

1670 TO 1690 

1690 TO 1700 

Table 

FREQUENCY (MHz) 

2500-2535 

2535-2580 

2550-2655 

2655-2690 
3400-3500 
3500-3700 
3700-4200 
4400-4700 
4700-4900 
5925-6425 
6625-6875 
6425-6925 

NOTE: 

MHz 

2 UP 

10 DOWN 

7 5 DOWN 

1 DOWN 

15 DOWN 

7 5 UP 

1 UP 

15 UP 

20 DOWN 

10 DOWN 

SPACE OPERATION (Telecommand)
 
FIXED, MOBILE (except Aero)
 

SPACE OPERATIONS (Telemetering)
 
FIXED, MOBILE, EARTH EXPLORATION
 
SATELLITE
 

MARITIME MOBILE-SATELLITE
 

AERONAUTICAL MOBILE-SATELLITE
 
MARITIME MOBILE-SATELLITE
 

AERONAUTICAL MOBILE-SATELLITE
 

MARITIME MOBILE-SATELLITE
 

AERONAUTICAL MOBILE-SATELLITE
 
MARITIME MOBILE-SATELLITE
 

AERONAUTICAL MOBILE-SATELLITE
 

METEOROLOGICAL-SATELLITE
 
FIXED, MET AIDS
 

METEOROLOGICAL-SATELLITE MET AIDS
 

3-10. Frequency Allocations - I 

ITU REGION 2 

F,FS Down, M, BS 
F, M, BS 
F. M, BS 
F, RSUP, M, BS 
FS Down, RL 
F, FS Down, M, RL 
F, FS Down, M 
F, FS Up, 

F, M 

F, FS Up, 

F, M 

F, M 


G = Government 
NG = Non-Government 
F = Fixed 
M = Mobile 
S = Satellite 

M 


M 


SERVICE 

USA 

BS Down F, FS 
BS Down, F 
BS Down F 
BS Down, F, GS Up 
Gand NG (Amateur, R) 
Gand NG (RL) 
F, FS Down 
G I Under Consideration 
G ASNG, FS Down 
F,FS Up 
F,FS Down 
Under Consideration as 
NG, FS Up 

B 
RN 
RL 
ME 
EE 
A 

= 
= 

= 

= 

= 

Broadcast 
Radio Navigation 
Radio Location 
Meteorological 
Earth Exploratory 
Aeronautical 
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Table 3-11. Frequency Allocations - 1T 

SERVICE
 

FREQUENCY (MHz) ITU REGION 2 USA
 

6875-7125 F.M F,FS Down, M, NG
 
7250-7300 FS Down G
 
7300-7450 F, FS Down. M G
 
7450-7550 F, FS Down, METS, M G
 
7556-7750 F, FS Down, M G
 
7900-7975 F. FS Up, M G
 
7975-8025 FS Up G
 
8025-8175 EES Down, F, FS Up, M G
 
8175-8215 FES Down, F,FS Up, MES, M G
 
8215-8400 EES Down, F,FS Up, M G 
8400-8500 F, M Space Research G and NG, Space Research 

NOTE. 
G = Government B = Broadcast 
NG = Non-Government RN = Radio Navigation 
F = Fixed RL = Radio Location 
M = Mobile ME = eteorological 
S = Satellite EE = Earth Exploratory 

A Aeronautical 

Table 3-12. Frequency Allocations - III 

SERVICE
 
FREQUENCY (MHz) ITU REGION2 USA
 

10.95-11.2 F. FS Down, M F, FS Down 
11 45-11 f F,FS Down, M F, FS Down 
11 7-12.2 FS Down, M, B, BS BS, FS Down 
12.5-12 75 F, FS Up, M F,FS Up 
14.0-14.3 FS Up, RN G and NG. FS Up, RN 
14.3-14.4 FS Up. RNS G and NG, FS Up, RNS 
14.4-14.5 F, FS Up, M G and NG, FS Up 
17 7-19.7 F, FS Down, M F,FS Down, M 
19 7-20.2 FS Down FS Down, G 
20 2-21 2 FS Down G 
27.5-29 5 F, FS Up, M F, FS Up. M 
29.5-30 0 FS Up FS Up 
30.0-31.0 FS Up G
 

NOTE 
G = Government B = Broadcast 
NG = Non-Government RN = Radio Navigation 
F = Fixed RL = Radio Location 
M = Mobile ME = Meteorological 
S = Satellite EE Earth Exploratory 

A = Aeronautical 
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The number of beams required from the satellite antenna in 

order to completely cover the United States from border to border and coast 

to coast, excluding Hawaii and Alaska, are shown in Figure 3-10 as a func­

tion of the frequency and the satellite antenna diameter. If, as expected, 

the satellite antenna diameter will have to be large (in the range of 50 to 60 

meters or more), it is seen that operating the system at Z0 and 30 GHz, 

where frequency allocations are expected to be available, results in hundreds 

of thousands of simultaneous beams having to be generated. This since the 

beamwidth of each beam is only in the order of 10 miles or less at intercept 

with the earth. This seemed impracticable. On the other hand, operation
1 

at 1 or Z GHz or less, which would seem ideal from the standpoint of number 

of beams that has to be generated, is difficult due to the loss in efficiency 

10 
3
•AVERAGE 


•NO COVERAGE GAPS / 20 

4 15105 010 

10 

l00 
30 

150 200 
60 

SATELLITE ANTENNA DIAMETER 

250 300 ft 
90 meters 

Figure 3-10. Number of Beams Required to Cover the USA 
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of the very tiny mobile antenna required, is shown by Figure 3-9 thus 

suggesting that the optimum frequency lies somewhere in the middle micro­

wave region from 3 to 10 GHz. 

There is another factor that must be taken into consideration 

in selecting the frequency for the system and that is the requirements for 

the power and antenna size of the terminals and the satellite as a function 

of frequency. 

Consider the following: Given a diffraction-limited antenna 

beam produced by a spacecraft aperture of fixed dimensions, and given an 

earth terminal antenna of fixed angular coverage (such as hemispherical 

coverage), how does the net transmission loss vary with frequency? It is 

easy to show that the net transmission loss is independent of frequency, 

except for the effect of factors such as ram loss and hardware degradations 

(which are frequency dependent). The proof follows. First, observe that 

the principle of reciprocity applies, so that the proposition need only be 

proven for a single direction of transmission. For convenience, consider 

a downlink. 

Let 

P t 	 be the satellite transmitter power at the antenna 
feed terminals 

a characteristic linear measure of the satellite 
antenna (for a circular antenna, 2 is usually taken 
as the diameter). 

X 	 the wave length 

r 	 the distance between the satellite and the earth 
terminal 

Q 	 the solid angle subtended by the earth terminal 
antenna beam 

The gain of the satellite antenna is 

2 

Gt = k1 
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where k is a constant that is determined by the type of antenna design, but 

is independent of frequency. 

The flux density on the ground is 

PGt
 

The received power is equal to the flux density times the effective area of 

the earth terminal antenna, Ar, where A r = X/62. 

2

Ptk9
P tGtAr 


r 4r r 4Tr £ 

Hence 

Pt 4 TrrZ R
-f;- 4=r2 £Z (3) 

r k 

Eq. (3) is independent of frequency, thus proving the proposition. For the 

case where the earth terminal provides hemispheric coverage, £2 = ZTr 

and Eq. (3) becomes 

8 Tr r 2 t (4) 
kI 2 P r 

The fact that the transmission loss is constant with frequency, 

except for hardware and weather effects, provides an interesting degree of 

freedom in design. For example, one may wish to size the spot beams pro­

vided by the spacecraft antenna so that each beam tends to provide service 
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to the same number of subscribers. Since the density of subscribers is 

much greater in urban areas than in rural areas, one would then require 

narrow beams for cities and wider beams for the countryside, If this were 

done by using a fixed frequency in conjunction with adjustable beam spoiling 

techniques in the satellite, the inevitable result would be higher transmission 

loss due to beam spoiling. However, the desired result could be achieved 

by use of a higher frequency in city areas relative to rural areas without 

(to a first order) a loss penalty. 

Nevertheless, discussed previously, the use of higher 

frequencies entails penalties because of higher rain losses and higher hard­

ware losses. 

3. Z. 2 Link Calculations 

A link calculation was performed for the uplink because it 

was felt that the uplink was probably the limiting one in the communications 

chain due to the very limited user power and antenna size. A typical uplink 

budge is shown in Table 3-13. A number of assumptions are made that 

require explanation. First, the user transmitter power of Z50 mW was 

selected and a satellite antenna of ZZ0-ft dia was chosen. These numbers 

are not accidental but the result of careful thought that will be elaborated 

below after the discussion of the budget itself. A third assumption was a 

receiver noise temperature of 430'K in the satellite, which is the result of 

projecting uncooled field effect transistor (FET) preamplifiers to the 1987 

state of the art. A number of other assumptions are as follows. The user 

terminal is assumed to have a zero dB gain antenna and be truly omnidirec­

tional. The receiver bandwidth was chosen at about 14 kHz to support a 

voice channel, which was selected to operate with a variable-slope delta­

modulation digital channel for reasons that will also be explained below. 

Under these conditions, it is seen that a signal-to-noise ratio of 8 dB is 

the minimum that would be expected in the link. This will be shown to be 

just adequate for a required minimum level of intelligibility of the digital 

voice, with a margin of 10 dB to take into account degradations, nulls in 

antenna patterns, fades, etc. 
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Table 3-13. Typical Uplink Budget 

ITEM QUANTITY GAIN (dB) LOSS (dB) 
USER TRANSMIT POWER 250 MW 6dBW 

FEED LOSS 0.2 
TRANSMIT ANTENNA GAIN OMN I-DIRECTIONAL 0 0 

FREE SPACE "LOSS" 198.7 
RAIN ATTENUATION 0.3 
POLARIZATION LOSS 3 

EDGE OF CONTOUR LOSS 3 
SATELLITE ANTENNA GAIN 220 ft DIA 7 = 55%, 68 

-IX- 32 
RECEIVED CARRIER LEVEL W -144.4 dBW 
RECEIVER NOISE TEMPERATURE 430 OK 26.3 

RECEIVER BANDWIDTH 13.5 kHz 41.3 
RECEIVER THERMAL NOISE WI0kHz 228 8 
RECEIVER TOTAL NOISE W -161.1 dBW 

SIN 8 dB 

MARGIN (Voice channel) 10 dB 
MARGIN FOR ORDER WIRE (30 Hz bandwidth) 35 dB 

The link calculations were then repeated for a number of 

frequencies, keeping the size of the satellite antenna and the rest of the 

parameters constant, to ascertain the effect of rain attenuation at 10 mm/hr 

rate as well as equipment performance variations with frequency. A tabular 

listing of this calculation is shown in Table 3-14, which is plotted on 

Figure 3-11 as the carrier-to-noise power density in dBHz as a function 

of'frequency.
 

The major assumptions involved in developing the link budgets 

are highlighted, as they are treated separately. 

1. An uplink transmitter power of 250 mW is available. 

Z. Uplink thermal noise is the predominant noise source. 
A 1. O-dB degradation margin has been allowed for 
intermodulation noise. 
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Table 3-14. Uplink Budget 

Frequency, 	GHz 
1 0 20 5 0 10 15 5 NOTES 

TRANSMIT POWER dBW -6 0 -6 0 -6 0 -60 -6 0 250 mW 
FEED LOSS dB 01 01 0 2 0 4 0 6 
TRANSMIT ANTENNA GAIN dB 0 0 0 0 0 
EIRP dBW -6 1 -61 -6 2 -6 4 -6 6
 
FREE SPACE LOSS dB 184 7 190 8 198 7 204 7 208 5 AT 5*ELEVATION
 
RAIN LOSS dB 0 0 0 3 3 0 9 0 10 mm/hr
 
POLARIZATION LOSS dB 30 3 0 3 0 3 0 3 0
 
EDGE OF CONTOUR LOSS dB 3 0 30 3 0 30 3 0
 
UPLINK DEGRADATION MARGIN d8 10 1 0 10. 10 1 0
 

1 UPLINK LOSSES dB 191 7 197 8 206 0 214 7 224 5
 
ANTENNA GAIN, SATELLITE dB 53 8 59 8 67 8 73 8 77 6 220 ft dia, != 55%
 

T-X =1/32
 
SATELLITE RECEIVING SYSTEM NOISE TEMP OK 400 410 430 500 600 REFERRED TO 

ANTENNA FEED 
(CINo), -EIRP LOSSES + (G/T) -10 LOG k dBHz 58 6 58 4 57 9 54 3 47 3 

(C/N) =(CINo) -10 	 dBHz 57 6 57 4 56 9 53 3 46 3 10 dBa~t Oit DEGRADATION
 
DUE TO INTER-
MODULATION
 

3. 	 A 200-ft dia antenna is used in the spacecraft. Efficiency 
is 55 percent and surface accuracy is 1/32 wavelength 
rms. 

4. 	 The earth terminal antenna has zero dB gain. 

5. 	 A rain loss corresponding to 10 mm/hr rain rate is 
included. 

6. 	 Satellite receivers use projected 1990 state of the art 
FET preamplifiers (an uncooled paramp would be a 
fall-back position). 

Figure 3-11 shows a horizontal line corresponding to a require­

ment for a 49. 3-dBHz carrier-to-noise density ratio for a voice channel of 

acceptable quality. For the given assumptions it may be observed that any 
frequency up to 12. 5 GHz will provide service that equals or exceeds the 

minimum requirement. However, the extra margin provided by the lower 

frequencies will be of great benefit. The multipath and blockage environment 
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Figure 3-11. Link Performance vs. Frequency 

in the vicinity of each user will cause the local fields to vary widely with 

small displacements of the wrist radio antenna. Worse yet, at any one 

position rapidly fluctuating fades may be encountered as a result of moving 

vehicles, aircraft, etc. Fade depths of as much as Z0 dB may not be 

uncommon. The lack of any significant directivity in the wrist radio antenna 

will aggravate these multipath effects. The margin provided by the lower 

frequencies will reduce the percentage of outage time due to signal dropouts. 

Should it be necessary to operate in the 15. 5 GHz band, an addi­

tional 4 dB would be required to meet the minimum standard for an acceptable 

voice channel. To equal the performance attainable at 5 GHz, an additional 

10. 6 dB would be required. In theory, this increment can be obtained by 

means of higher transmitter power in the wrist radio and/or a larger 
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satellite antenna. In practice, both of these avenues may be foreclosed 

by serious technical problems. The operation of the system at frequencies 

below 10 GHz is thus demonstrated to be desirable. 

The determination of ZZ0-ft or 67-m antenna size being required 

at the satellite was made on the following basis. The link budget can be 

interpreted in terms of a sliding scale relationship between the required 

satellite antenna diameter and the user transmitter power. Such a relation­

ship is illustrated in Figure 3-12, and shows that to have a very small 

antenna in the satellite requires a very large transmitter power considering 
the size of the wrist radio package desired. Conversely, for powers in the 

order of 10 mW, the antenna diameter is in the order of 300 m. A calculation 

is shown in Section 3. 2. 6 in the ground segment definition that shows that 

if the user transmitter power is less than about 250 rnW, the size of batteries 
that the package must contain will not be unreasonable for a wrist-mounted 

package - and yet will be able to sustain 4 min of continuous transmission 

per day without requiring recharging overnight. For these reasons, which 

are elaborated in Section 3. 2 6, a design point was chosen at 67 m (220 ft) 
satellite antenna and 0. Z5 W user transmitted power into an omnidirectional 

antenna. 

Due to the close couplingbetweenthe antenna, the power, and the 

resultant coverage as a function of frequency, the trades between these are 

shown plotted in Figure 3-13. In this figure, the number of beams required 

to contiguously cover the U. S. is shown as a function of the antenna diameter 

and the frequency of operation. Superimposed is the information from the 
last figure, the required user transmitter power as a function of antenna 

diameter. It is seen that operating with very small satellite antennas, say 

3 m or so, that the beamwidth would be large enough that the number of 

beams required to cover the U. S. , even at frequencies of 20 and 30 GHz, 
would only be several hundred - certainly a practical number - and much less 

at lower frequencies. However, the user transmitter power required would 

be about 100 W, an impractical number not only for transmitter reasons 
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but particularly for battery reasons. On the other end of the scale, choos­

ing an antenna diameter of over 100 m for the satellite, while resulting in 

a user transmitter power of less than 100 mW which is certainly desirable, 

results in a reasonable number of beams (a few thousand) only for frequen­

cies less than about 2. 5 GHz; while operation at the more desirable fre­

quencies of 11 to 30 GHz results in a need for hundreds-of thousands 

simultaneous beams and a tremendous proliferation of satellite equipment, 

which is certainly undesirable. For these reasons as well as those elabor­

ated in Section 3. 2. 1 (Frequency Selection), a design point was chosen at 

0. 25 W and 67 m. This antenna, when operating at frequencies close to 

5 GHz, would require approximately 6000 to 7000 simultaneous beams. 

While this is a large number, it is probably attainable in the time period. 

Another major factor thatwas subjected to trade-off analysis was 

a selection of analog versus digital modulation of the voice signal. In order 

to make this selection, both theoretical and actual listening tests were 

analyzed. Quality comparisons were made between single sideband sup­

pressed carrier (SSB) transmissions and variable slope delta modulation 

(VSDIvi). The SSB simulation was actually performed at baseband, since the 

process of high level carrier reinsertion and synchronous-detection results 

in a linear translation of the SSB signal and noise from RF to baseband. 

Audio tapes using male and female voices were generated, corresponding 

to various signal-to-noise ratios in a band-limited channel (300 to 3000 Hz). 

Listeners were then asked to judge the quality of the recordings at various 

signal-to-noise ratios (SNR). 

The VSDM comparisons were based on recordings previously 

made using two slightly different algorithms for varying the slope. These 

recordings were available at a variety of bit rates from 9. 6 to 38. 4 kbps. 

Unfortunately, these recordings were made in a system that provided error 

free transmission. Hence, only those distortions,produced by quantizing 

effects could be heard, whereas one would have liked to also program 

various bit error rates (corresponding to different channel carrier-to-noise 
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density [C/No] ratios) into the results. Upon further consideration, this 

omission was found to not be as serious as first thought. From previous 

work, there is a great deal of information concerning the effect on intelligi­

bility of bit error rates in VSDM systems having various bit rates. While 

the voice quality criterion used here is much more demanding than simple 

intelligibility score, the intelligibility results were quite instructive. It 

was shown that bit error rates as high as 5 percent produced no loss in 

intelligibility in VSDM. These data are reproduced here as Figure 3-14 and 

were obtained from Reference 4. 

It appeared reasonable that if the error rate were one order 

of magnitude less than 5 percent, the quality impairment due to bit errors 

would be quite small. This assumption was found to be conservative if ­

extrapolated to the SSB tests. There it was observed that an SNR of 10 dB 

sufficed to produce intelligible speech, while a 20-dB SNR gave more than 

adequate voice quality. Since the baseband noise power produced by bit 

errors is directly proportional to bit error rate, a 10-dB change in base­

band SNR is roughly equivalent to an order of magnitude change in bit error 

rate (BER). Admittedly, the comparison is not exact because of the different 

nature of the two types of noise. 
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Figure 3-14. Intelligibility vs Bit Error Rate 
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If one assumes, tentatively, a maximum BEll of 0. 5 percent 

= 5 x 10 - 3 for a VSDM system offering reasonable voice quality, it is easy 

to show that the theoretical bit energy to noise density ratio (Eb/NO) require­

ment is Eb/N ° = 5. 3 dB. The important point is that the rate of change of 

BEIl with Eb/N is very rapid, due to the nature of the complementary error 

function. Hence, if the estimate of required BET turns out to be off by a 

factor of, say, 2 (3 dB in baseband noise power) the error in the required 

Eb/No is only about 0. 8 dB, well within the hardware implementation mar­

gins generally allocated to digital modems. Hence, our working hypothesis 

will be toward a theoretical Eb/NO requirement of 5. 3 dB, to which an 

implementation margin of 2. 5 dB will be added, for a net requirement of 

Eb/No = 7.8 dB. 

We are now in a position to make a direct comparison of SSB 

and VSDM, assuming the same channel C/N 0 . In an actual test, listeners 

found that SSB at an SNR of 10 dB was intelligible, while an SNR of 20 dB 

produced more than adequate voice quality while much noisier than a usual 

telephone line. It was the general consensus that an SNE. of 15 dB would be 

taken as the minimum acceptable quality standard for an SSB channel. 

Since the channel under test was band-limited from 300 to 3000 Hz, the 

channel C/N corresponding to an SNR of 15 dB would be 49. 3 dBHz. If 

one assumes the availability of a channel having a C/N ° = 49. 3 dBHz, it 

is then possible to employ bit rates of up to 14. 1 kbps, consistent with the 

assumption of an Eb/N ° requirement of 7. 8 dB. 

The closest comparison VSDIVI tapes were at bit rates of 9. 6 

and 14.4 kbps. While the 9. 6 kbps rate provided intelligible speech, the 

quality was quite deficient. In comparison, a tape made at 19. 2 kbps 

sounded almost as good as a tape made at 38. 4 kbps. The latter was essen­

tially "high-fidelity", with no noticeable quantizing noise. The 14. 4-kbps 

tape sounded somewhere in-between the nearly unimpaired 19. 2 kbps rate 

and the substandard 9. 6 kbps rate. Hence, roughly, the 14. 4 kbps tape 

provided that elusive minimum quality standard for VSDM that we were 

seeking to establish. 
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The requirement for 14. 4 kbps VSDM compares with a capacity 

of 14. 1 kbps on a channel having a C/N adequate to support an acceptable 

SSB channel. This difference is not significant, particularly if one considers 

the subjective nature of the evaluations. Moreover, VSDM is still in a 

technology growth area (as compared with SSB). There is reason to believe 

that the allocated modem implementation margin (Z. 5 dB) can be reduced, 

and improved algorithms for slope control may be found, so that within 

10 to 15 years VSDM is likely to be less demanding than SSB with respect 

to channel C/N requirements. For the purposes of this study the C/N ° 

requirements of both systems will be taken as 49. 3 dBHz. 

The comparison between SSB and VSDM is not complete without 

mentioning channel bandwidth requirements. In this respect VSDM is more 

demanding. Telephone company practice is to allocate a 4. 0-kHz slot per 

voice channel. The excess bandwidth beyond the usable voice frequency 

response is provided to permit economical voice band filtering, and to 

accommodate out of band signaling, in some instances. Assuming that doppler 

shift and frequency instability do not force use of wider bandwidths in the 

COMSAT application (this implies that the carrier frequency will be regen­

erated bj a phase-locked system synchronized at both ends of the link), the 

4. 0-kHz bandwidth requirement can be accepted for the proposed system, 

if an SSB implementation is chosen. 

The bandwidth for the VSDM system would ideally be matched 

to the pulse spectrum. However, as receiver predetection filters tend to 

approximate a rectangular shape, a commonly used rule of thumb is that 

the bandwidth should equal 1. 2 times the symbol rate. For quaternary 

phase shift keying (QPSK), there are two bits per symbol and therefore the 

required bandwidth is 0. 6 times the bit rate. For a bit rate of 14. 4 kbps, 

the required bandwidth is therefore 8. 64 kHz, or somewhat greater than 

twice the voice bandwidth. To simplify the filtering requirement, the band­

width of VSDM/QPSK will be taken as 10 kHz. 
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As a result of the foregoing and the fact that use of digital 

transmission alleviates needs for linearity in all components and allows 

higher power to be used without fear of intermodulation distortion, it was 

decided that variable slope delta modulation would be adopted as the baseline 

modulation scheme on this study. 

An additional feature shown on the link budgets is the margin 

for an order wire which is explained as follows. It will be recognized that 

a system containing a very large number of users requires some form of 

command order wire to request and allocate assignment of channel and time 

space as well as ringing to alert users being called. Not only need these 

channels not be voice bandwidth, but the fact that they can be narrow-band 

channels may be used to advantage in increasing their signal-to-noise 

ratio, which will be shown to be indispensible in system operation. An 

order wire was assumed at 30 Hz bandwidth - a bandwidth that would prob­

ably be attained by phase-locking a local oscillator in the user set to a 

beacon frequency in the satellite. The signal-to-noise ratio available for 

such an order wire was then calculated at a minimum of 35 dB plus 10 dB of 

margin. Whereas this seems extremely comfortable, it will be seen in 

Section 3. 2. 6 on Ground Segment that attenuation of the human body is very 
significant at these frequencies, and deep nulls may well exist due to the 

interference patterns caused by buildings or other obstructions, Thus the 

very high margin and signal-to-noise ratio combination of 45 dB is actually 

necessary in order to assure that the caller and callee may make their 

intentions of communicating known to a high probability regardless of loca­

tion. Then the user orientation and location may be changed on a trial and 
error basis to get out of deep nulls until the voice bandwidth link can be 

satisfactorily closed. The operation of the order wire will be discussed in 

more depth in Section 3. 2. 4 under User Access, Discipline, and Operation. 
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3. 	 2. 3 Satellite Payload Block Diagram 

A simplified block diagram of the spacecraft communications 

payload is shown in Figure 3-15. For convenience, separate transmit and 

receive multibeam antennas (MBAs) are shown. However, should it be 

feasible to cope with the passive intermodulation problems encountered with 

a common transmit/receive MBA, diplexers at each beam port would serve 

to separate the transmit and receive bands. 

The use of multiple independent antenna beams permits 

potentially unlimited reuse of three frequency bands in a noninterfering 

manner. That is, no pair of adjacent beams need share the same frequency 

band if as few as three frequency bands are used. These are designated 

as flI f., and f 3 on the downlink and f 1 , f 2 ', and f3' on the uplink. The 

uplink and downlink frequency generators supply these frequencies to their 

respective distribution units. 

All spacecraft frequency generators synthesize their required 

output frequencies using a reference derived from the master oscillator. 

In addition, each downlink beam will include as a vestigial carrier a frequency 

at either fl' f., or f 3 . These carriers are used at each ground terminal to 
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Figure 3-15. Personal Communications Wrist Radio System, 
Block Diagram 
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phase lock an oscillator that controls the local frequency synthesizer. Thus, 

all frequencies required in the spacecraft and the ground terminals are 

derived from a single frequency source. 

Frequency division multiple access (FDMA) is used for uplinks 

and downlinks. Up to as many as 1000 uplink and 1000 downlmk subchannels 

per beam (the number depending upon the user population within each beam 

footprint) can be employed. The subchannel frequencies are separated by 

increments of 10 kHz, from 100 kHz to 10. 1 MHz. The subchannels appear 

as single sidebands of the respective uplink and downlink carrier frequencies. 

Each baseband voice channel is encoded on the ground by a 

variable slope delta modulator (VSDM) at a 14. 4 kbps rate. The resultant 

bit stream is modulated as a QPSK, or possibly some related from, such 

as minimum shift keying (MSK), on its respective subcarrier frequency. 

Since there are two bits per symbol, the resultant symbol rate of 7. Z kilo­

symbols per second is readily accommodated within its assigned 10 kHz 

subchannel.
 

Referring to the uplink multibeam antenna, each beam drives 

its own low noise RF preamplifier, which is tuned to its 10 MHz band (suffi­

cient to encompass up to 1000 modulated subcarriers near either fl" f " 

or f 3 , as appropriate). The signals are downconverted, and the resultant 

groups of modulated subcarriers are amplified at IF. (Actually, the IF 

amplifiers more nearly resemble video amplifiers, in that their passbands 

extend from somewhat below 100 kHz to somewhat above 10. 1 MHz). Each 
modulated subcarrier must be separated from the composite IF signal and 

demodulated to a baseband VSDM signal. While ordinarily a group of 

frequency selective filters tuned to individual subcarrier frequencies would 

be necessary to effect subchannel separation, the presence of a set of phase 

coherent references from the subcarrier distribution unit permits simplifi­

cation of the predetection filtering requirement. A low pass filter following 

each demodulator eliminates the baseband components produced by the 

unwanted subcarriers. 
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The outputs of the demodulator group consist of a set of up 

to 1000 uplink VSDM baseband signals per beam. The total number of beams 

has been sized as 6930. The average number of baseband subchannels per 

beam is about 33, so that the number of baseband subchannel pairs is 230, 000. 

(A subchannel pair consists of one uplink and one downlink subchannel, i. e., 

one half-duplex circuit, if the users are in the same beam. Hence, 230, 000 

such conversations can be carried on at one time. This represents 1 percent 

of the users served). The 230, 000 uplink signals grouped within 6930 beams, 

must be switched into baseband VSDM lines that are assigned to downlink 

subchannels grouped around the appropriate 6930 downlink beams. 

The uplink baseband lines are switched to downlink baseband 

lines in a 230, 000 by 230, 000 port switch to be described in Section 3. 2. 5. 3. 

The output lines from the switch are terminated in individual QPSK or MSK 

modulators. Modulated subcarriers grouped by downlink beams are then 

summed on a common FDM bus per beam. Each FDM group is then fre­

quency shifted to the desired output frequency by a single sideband vestigial 

carrier modulator. The carrier frequency appropriate to each downlink 

beam (either f1, f 2 , or f 3 ) is obtained from the downlink frequency distri­

bution unit. One power amplifier per beam boosts the composite signal to 

the required EIIFP level, delivering its output to the appropriate input port 

of the multibeam antenna. Power amplifiers in various module sizes are 

used, since the number of downlink channels per beam will depend on the 

user population within its footprint. 

The transmitter power in the satellite is 0. 5 W per channel. 

This power is selected so that the uplink will be the dominant noise con­

tributor, however, if it were desired to regenerate the digital data stream 

it could be readily accomplished and the power reduced to 0. 25 W per 

channel. It is not clear at this point whether the transmitters should all 

be 0. 5 W with one output per channel adding at RF in the waveguide leading 

to the diplexer and feedhorns, or whether one power amplifier should be 

used per beam with the various amplifier powers then being selected to 

match the number of channels per beam. The largest power output required 
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in the latter mode would be just short of 400 W, but there would be less than 

7000 total amplifiers as contrasted with 230, 000 amplifiers of 0. 5 W each. 

Further study will be required to choose among these two choices. 

3.2.4 User Access/Discipline/Operation 

The Personal Communication System is to operate with a very 

large number of users, larger than any yet considered for a satellite multiple 

access communications network. A number of thoughts are offered for the 

choices and recommendations for user access and discipline in the network. 

Then a preferred technique is selected, and the overall operation of the 

concept is described. 

3. 2. 4. 1 Access Techniques 

A number of multiple access techniques exist to provide a 

means to accommodate a number of transmissions in a common meeting. A 

basic requirement to allow separation and recovery of the various users' 

signals is signal orthogonality. Potential techniques include frequency 

division (FDMA) in which unique frequency band assignments are made, 

time division (TDMA) in which unique time slot assignments are made, 

code division (CDMA) in which unique signal structure assignments are made, 

or combinations of any or all of the above. The basic characteristics of 

FDMA, TDMA, and CDMLA are illustrated in Figures 3-16, 3-17, and 3-18. 

Examples of combination systems are very common. For 

instance, citizens band radio is fixed FDMA and random TDMA, amateur 

radio is random FDMIA and random TDMA, the INTELSAT IV is FDM/FM/ 

FDMA, whereas the FLTSATCOM is preassigned FDMA and TDMA. 

A number of system operation considerations are now con­

sidered that vary for the different kinds of access techniques. These con­

siderations are listed in Table 3-15. It is seen that code division multiple 

access is very powerful in that no cooperation of any sort is needed in 

operation of the system. However, the hardware and synchronization dif­

ficulties can be large. A number of user considerations need also be 

3-39
 



FREQUENCY BAND (subchannel) DENOTES USER 

GUARD BAND AVAILABLE FOR USER OGCUPANCY 

AZ 	 FREQUENCY
1 2 3 4 n 

TOTAL AVAILABLE BANDWIDTH n -E 
(channel) 

* UP TO n USERS MAY OCCUPY THE CHANNEL SIMULTANEOUSLY
 

" SIGNAL STRUCTURES IN DIFFERENT SUBCHANNELS MAY BE DISSIMILAR
 

* SEPARATION AND RECOVERY EFFECTED BY ELECTRONIC FILTERING 

* GUARD BANDS AND MUTUAL INTERFERENCE MINIMIZED BY ACCURATE 
FREQUENCY CONTROL
 

Figure 3-16. FDMA 

.ft .DENOTES USER 
OCCUPANCY 

GUARD INTERVAL 	 TIME-SLOT AVAILABLE 
FOR USER 

TIME 	 TIME, A 
1 2 3 4 5 1 

- TIME INTERVAL (frame) 

* ONLY ONE USER MAY OCCUPY THE CHANNEL AT ANY TIME 

" SIGNAL STRUCTURES IN DIFFERENT TIME-SLOTS MAY BE DISSIMILAR 

" SEPARATION AND RECOVERY EFFECTED BY TIME-GATING 

* 	GUARD INTERVALS AND INTERFERENCE MINIMIZED BY ACCURATE 
TIME CONTROL 

Figure 3-17. TDMiA 
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* SIGNALS ARE DISTINGUISHABLE BY THEIR INTRINSIC STRUCTURE (code) 

* EXAMPLES OF ORTHOGONAL (or nearly orthogonal) CODE SETS CODE 1 

PSEUDORANDOM CODES CODE 2 
Ifl~i CODE 3ft* BIORTHOGONAL CODES CODE 4 etc. 

* GOLD CODES ..... . T 
0 

* ANY NUMBER OF USERS MAY OCCUPY THE ENTIRE CHANNEL AT ANY TIME 

* SEPARATION AND RECOVERY,EFFECTED BY CROSS-CORRELATION WITH A
 
RECEIVER-GENERATED REPLICA OF THE DESIRED CODE 

* A DEGREE OF MUTUAL INTERFERENCE WILL EXIST, INCREASING WITH THE
 

NUMBER OF SIMULTANEOUS USERS, IF
 

" THE CODE SET ISNOT PURELY (mathematically)ORTHOGONAL 

" PRACTICAL CONSTRAINTS PREVENT CORRELATION OVER THE ENTIRE 
ORTHOGONALITY INTERVAL 

* EXAMPLES - GLOBAL POSITIONING SYSTEM (gold codes) 

- PULSE ADDRESS MULTIPLE ACCESS (low duty-cycle time-hopping 
using pseudorandom codes) 

Figure 3-18. CDMA 

Table 3-15. System Considerations 

NETWORK DISCIPLINE RECEIVER ADDRESSING
 

FDMAITDMA USERS MUST ADHERE TO TYPICALLY BY PREASSIGNED
 
TIMEIFREQUENCY ASSIGNMENTS TIME/FREQUENCY SLOT 
OR RESPECT OTHER USERS' 
PREEMPTION OF TIME/FREQUENCY "RECEIVER BUSY" CONDITION 
SLOTS - IS USUALLY APPARENT 

CDMA NO INHERENT COOPERATION PREASSIGNED CODE 
REQUIRED
 

TRANSMITrER/RECEIVER CODE
 
SYNCHRONIZATION CAN BE,
 
DIFFICULT AND TIME-CONSUMING
 

"RECEIVER BUSY" CONDITION 
CAN BE DIFFICULT TO DETERMINE 
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discussed and these are illustrated in Figure 3-19 where it is seen that the 

way in which the sources are to he connected to the sinks may be varied and 

will greatly influence the choice of access technique. This access can be 

controlled or uncontrolled but in either case, for the Personal Cornmunica­

tion System it must be dynamic rather than predetermined and fixed. If the 

uncontrolled access technique, users access the channel with little or no 

regard for other transmissions. Under these characteristics, FDMA and 

TDiA systems degrade rapidly beyond the saturation level due to extensive 

mutual interference, whereas CDI A systems degrade gracefully and exhibit 

no clear-cut saturation level, i. e. , provided that the code set or distinguish­

able code phases are not exhausted. In practice this can be met. 

SOURCES 2 CHANNEL 	 2 SINKS 

* 	COMBINATIONS 
" ONE-TO-ONE 
" ONE-TO-MANY (broadcasting) 
* MANY-TO-ONE (reporting) 
* MANY-TO-MANY (conferencing) 

* CHARACTERISTICS 
* MESSAGE LENGTH - SHORT, INTERMEDIATE, LONG 
* MESSAGE INITIATION - REGULAR (periodic), PRESCHEDULED, RANDOM 

* 	NUMBER OF USERS (n + m) VERSUS NUMBER OF AVAILABLE ACCESSES 
" NUMBER OF USERS :SACCESSES-(semi-) PERMANENT TIME/FREQUENCY/CODE 

ASSIGNMENTS
 
" NUMBER OF USERS >ACCESSES"-DYNAMIC ASSIGNMENTS
 

Figure 3-19. User Considerations 
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Controlled modes recognize that some authority will assign 

the access to the time and frequency space. This is often termed "demand 

assignment" and capitalizes on the random nature of access requests. 

Three features are key in its capitalization. First, the channel capacity 

should exceed the average number; second, the peak demand may exceed 

the capacity; and third, this implies access refusals, delays, and/or queues 

at times of peak activity that must be tolerable in system operation. 

Optimum design thus depends on trade-offs between economic factors and 

user satisfaction. For example, channel quality, message delays, mini­

mum length, message time slots, etc. The design decisions for controlled 

access are generally based on subjective evaluations and intulition as 

analytic techniques are still very primitive. 

A number of dynamic assignment techniques are known and 
have been analyzed, simulated, and operated in the past.. These are shown 

in Table 3-16. In considering which of these is best applied to the Wrist 

Radio Personal Communications System, the characteristics of such a 

system have to be summarized. This is shown in Table 3-17. The two 

main choices appear to be DCMA with pure ALOHA and FDMA/TDMA. 

Implementation of CDMA with a pure ALOHA access is attractive in that 

the spaceborne equipment can be very simple and the need for network con­

trol is minimal. However, the code generators and correlation receivers 

seriously complicate the user equipment particularly due to the small space 

available. The transmitter receiver synchronication would be difficult, 

time consuming, and extend the apparent channel occupancy and there is no 

satisfactory method to signal a receiver busy condition. For these reasons 

the configuration selected is a combination of FDMA/TDM6A with demand 

access via a reservation ALOHA system. 

The combination of FDIA and TDMA makes best utilization 

of a wideband channel by many narrowband, low duty cycle users. The 
frequency and time synchronization is readily obtained via a satellite beacon 

broadcast, and the user hardware is very simple. The demand access via 
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Table 3-16. Dynamic Assignment Alternatives 

" ALOHA (uncontrolled) 

" USERS TRANSMIT WHENEVER THEY DESIRE
 
" LISTEN FOR RECEIVER ACKNOWLEDGEMENT
 
" IF ACKNOWLEDGED, RETRANSMIT AFTER RANDOM DELAY
 

" SLOTTED ALOHA 

. SAME AS PURE ALOHA, EXCEPT THAT ONLY DISCRETE TIMEIFREQUENCY SLOTS ARE PERMITTED 

" RESERVATION ALOHA 

" CERTAIN TIMEIFREQUENCY SLOTS ARE RESERVED FOR ACCESS REQUESTS, USUALLY ON A PURE ALOHA BASIS 
" WHEN AN ACCESS REQUEST IS GRANTED, DISCRETE TIMEIFREQUENCY SLOTS ARE ASSIGNED EXCLUSIVELY 

TO THIS USER 
" ASSIGNMENTS MAY BE DISCRETE OR RANDOM (but usually with a limited duration) 

* POLLING 

" USERS ARE QUERIED IN FIXED, SEQUENTIAL ORDER FOR ACCESS REQUESTS 
" REQUESTS ARE ASSIGNED TIMEIFREQUENCY SLOTS (like Reservation ALOHA) 

* ROUND-ROBIN 

" CHANNEL CAPACITY IS DIVIDED INTO OWNED AND OPEN SLOTS 
" AT LEAST ONE OWNED SLOT IS ASSIGNED TO EVERY USER 
" USERS REQUIRING MORE CAPACITY THAN THEY OWN MAY REQUEST ADDITIONAL SLOTS VIA A PORTION 

OF THEIR OWNED-SLOT MESSAGE(s) 
" ADDITIONAL SLOT ASSIGNMENTS FROM EITHER THE OPEN POOL OR FROM SLOTS OWNED BY INACTIVE USERS 

WILL BE MADE IN A SEQUENTIAL (Round-Robin)MANNER, UNTIL ALL REQUESTING USERS OBTAIN ONE 
ADDITIONAL SLOT 

" IF AVAILABLE, SECOND, THIRD, etc., SLOTS MAY BE ASSIGNED IN THE SAME MANNER 
" CONFLICTS OVER SLOTS OWNED BY PREVIOUSLY INACTIVE USERS ARE ALWAYS RESOLVED IN FAVOR 

OF THE OWNERS 
Table 3-17. Wrist Radio System 

* CHARACTERISTICS 

" EXTREMELY LARGE NUMBER OF USERS VASTLY EXCEEDING THE 
REALIZABLE CHANNEL CAPACITY 

" MESSAGES TEND TO BE OF SHORT DURATION, RANDOMLY INITIATED, 
AND INFREQUENT (low duty-cycle) 

" USER EQUIPMENT MUST BE, SIMPLE, COMPACT, AND AS 
INEXPENSIVE AS POSSIBLE 

" NETWORK MUST BE IMPERVIOUS TO INTERFERENCE OR SUBJECT TO 
ABSOLUTE CONTROL; OTHERWISE, CHAOS (e.g., CB radio) 
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a reservation ALOHA system employs discrete frequency and random time 

slot assignments that are of fixed term duration. This minimizes channel 

utilization by any user and makes 'for a maximum of the number of use rs 

satisfied. The transmitter and receiver connections should be straight­

forward, utilizing satellite equipment for signal routing and switching. 

Access request messages could be expected to be extremely short and so 

the use of an order wire channel operated in the contention mode should be 

tolerable with very little.mutual interference on requiests for channel at 

the same time be expected, The delay in making connections-from caller 

to callee should approach that of a commercial long distance telephone, 

except possibly at peak traffic periods, depending on the number of channels 

available per number of users. This will be discussed in more depth in 

Section 3. 2. 6. And last, a busy signal is possible and relatively easy to 

implement via the order wire channels. For all of these reasons, a system 

of this type was chosen to be implemented in the design of this study. 

3.2.4. 2 Overall System Operation 

In order to explain the operation of a system using FDMA/ 

TDMA and a content ion order wire system, a flow chart was established to 

illustrate the logical sequence in which calls are handled by such a system. 

This chart is illustrated in Figure 3-Z0. 

Entry into the flow chart is via the box labelled "caller sends 

request message. " The final element in the flow chart is the box labelled 
"subchannels are restored to available status". 

The system functions in one of two modes. Mode 1 is similar 

to normal commercial telephone practice. The caller "dials" the number 

of the called party. The system attempts to find an idle circuit (i. e. avail­

able uplink and downlink subchannels in the respective beams), and if the 

facilities are available, it completes the call by ringing through to the 

called party. If the facilities to complete the call are not available, the 
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Figure 3-Z0. 	 Personal Communications Wrist Radio System 
Flow Chart 

system returns a busy signal to the caller*. In mode 1 the caller must call 

again at a later time, and repeat this process until he reaches his party. An 

exception occurs if the caller pushes the "emergency" (priority 1) button. 

In that event, the system searches the calls in progress in the caller's and 

callee's beam(s) and interrupts a call, diverting the subchannels thus seized 

to service the emergency call. The decision as to which call to interrupt is 

made through an interrupt algorithm stored in the satellite computer. 

Every user can initiate an emergency call. However, the 

practice is discouraged by placing a sufficiently high surcharge on each 

emergency call, to minimize frivolous use and abuse of the system. The 

surcharge begins from the moment a call is interrupted, whether or not 

the callee responds to ,the emergency call. 

Mode 2 does not require redialing any call (emergency or 

otherwise) in the event of a busy signal. Associated with each user is a 

priority classification. Most subscribers are designated as priority 3. A 

*In this system a subscriber busy signal is never sent. For non-emergency 
calls a busy subscriber is treated as a subscriber who does not answer 
For emergency calls, the interrupt algorithm gives first choice to the sub­
channels occupied by the called party. 
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few subscribers are designated as priority Z. (It must be emphasized that 

priority 1, emergency service, is available to any user. However, all 

users are designated as either priority 2 or priority 3 subscribers. No 

user is a priority 1 subscriber). Any subscriber can place a mode 2 call. 

If he does and if the circuits are busy, his call goes into a queue at the 

same time he receives the busy signal. A mode Z call placed by a priority 2 

subscriber goes into a priority Z queue. A mode 2 call placed by a priority 

3 subscriber goes into a priority 3 queue. No calls will be placed from the 

priority 3 queue while there are competing calls waiting in the priority 2 

queue. (A competing call is defined as one which requires the same facilities, 

i. e. beams, subchannels and switch connections for its completion). The 

order in which completing calls entered their respective priority 2 and 3 

queues is not considered in this decision process. For example, the next 

call to be completed from the priority 3 queue may have been waiting one 

hour to get a circuit. If a competing call in priority 2 comes in one moment 

before the priority 3 call is placed, the priority Z call goes to the head of 

the line. However, if the priority 3 call has already been placed, the priority 

2 call will not interrupt it. It is obvious that is such a multi-priority queuing 

system is to work, the preponderance of users must be designated as priority 

3. Otherwise, the priority 3 queue may never be served. 

To place a call the caller inserts the number of the called 

party. He selects either mode 1, mode Z, or emergency, and presses the 

call button. This initiates a request message. The number of the called 

party includes the familiar area code plus seven digit number, the only 

difference being that the area code may not include four digits instead of 

the present-day three. The use of four digits permits a unique identification 

of up to 9999 beams within the area code -- enough to include all the beams 

required to provide service for the entire U. S. A. As an alternative the 

present system of three digit area codes may be retained. However, this 

would require a locator file to be stored aboard the satellite listing the 

correct beam number associated with each 10-digit subscriber number. 
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To store this locator file in binary decimal form for 25 million subscribers 

would require 1. 4 x 109 bits of information. Should a subsc-r-iber move 

outside of his normal beam, he would have to initiate a temporary or per­

manent change in his locator file. 

The request message will also automatically include the full 

identifying number of the caller. It is estimated that the complete request 

message will require the transmission of about 100 bits. It is transmitted 

to the satellite on an uplink order wire. Each beam can include up to 1000 

uplink and 1000 downlink FDIVI subchannels, frequency shifted to the desig­

nated frequency band for that beam by a vestigial carrier. The subchannels 

that are in closest proximity to the vestigial uplink and downlink carriers 

are reserved as order wires. The request messages consist of unsynchron­

ized burst transmissions in a contention mode. The bit rate is the same 

as the rate employed for the VSDM[ speech channels, 14.4 kbps. Hence the 

transmission of a complete 100 bit request message requires 6. 94 msec. 

Assuming a worst case of a beam with 1000 subchannels and 100 subscribers 

per subchannel, with all subscribers originating one request message per 

hour, the probability that no more than one message is being transmitted at 

one time can be determined from a Poisson distribution to be 0. 826. Since 

an appreciable percentage of request messages would in this case interfere 

with each other and not be received correctly, it may be anticipated that 

callers will redial, thus causing additional loading of the order wire, which 

could lead to a breakdown of service. Hence, it appears that more than one 

order wire will be required for beams servicing densely populated urban 

regions. This is not of itself a serious problem, since the order wire 

channels can be derived from the pool of communications channels, requir­

ing less than 1 percent of them for this purpose. 

As shown in the flow chart, the process of completing a call 

involves searching for available uplink and downlink subchannels in the 

caller's and callee's beams. If both parties are in the same beam, they 

can share the same uplink and downlink subchannels, since communication 

is provided on a half duplex basis. 
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Except for emergency calls, every call placed in the system 

has a maximum time assigned for its completion. This time is -displayed 

on the wrist radio of each party, and is counted down toward zero during 

the time the circuit remains active. The maximum call duration assign­

ment is the basic traffic management tool of the system. During off-peak 

hours the maximum call duration assigned would be generous 7- perhaps as 
much as 10 mi. As traffic builds up, the time assignment becomes shorter. 

Since most calls, to be useful, require some minimum time, the system 

will be programmed so as to never assign less than the predesignated min­

imum time (perhaps one min). 

To establish the maximum call duration permitted at any time, 

the system looks at a window of recent traffic, perhaps the 10 or 15 most 

recent minutes of activity, in each area (beam group) served by the system. 

The system calculates and continuously updates basic traffic statistics 

during this time window. For example, the number of completed and uncom­
pleted calls in each goegraphic area, the number (if any) of presently avail­

able subchannels in each area, and the trend (first derivative) of these 
parameters. These statistics are provided as input variables to an algo­

rithm from which the maximum call duration assignment is calculated. 

The development of this algorithm will require the exercise of various 

traffic scenarios in a simulation model. 

By virtue of the fact that a maximum call duration has been 
assigned for every call (except emergency calls) there is information resid­

ing within the system concerning the latest time at which every subchannel 

assignment is to be vacated. It is therefore possible for the satellite com­

puter to organize the queue of waiting calls. Disregarding the priority 2 
callers for the moment, calls are placed in queue in the order in which 
they are received. The system selects the first subchannels in the respec­

tive beams to become free (on the assumption that calls will.last their 

maximum assigned duration) and reserves them for the first call in queue. 

As additional calls are added to the queue, subchannels are booked in the 
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order in which they are expected to become free. The booking includes 

the telephone numbers of the caller and callee and the numbers of the 

reserved subchannels. A predetermination of the maximum allowed call 

duration for the booked call is made at this time. The time at which the 

call will be placed and the assigned maximum call duration is relayed to 

the caller on a downlink order wire and displayed on his wrist radio. 

The existence of priority 2 callers forces some revision in 

the queuing procedure just described. The system will reserve a certain 

number of subchannels in each beam for allocation to priority Z callers, 

in advance of such calls being placed. These reserved subchannels are 

selected from the first group of presently busy subchannels expected to 

become free. Priority 3 callers are not booked on this pool of subchannels. 

As priority Z calls come in they are placed in queue to receive service 

from the block of subchannels reserved specially for them. As such reser­

vations are made, the allocated number of priority 2 subchannels is replen­

ished by looking ahead and picking the earliest subchannels to become free 

that have not yet been reserved. If subchannels allocated to priority 2 

calls have not been requested at the time they become free, they are used 

to service real time (mode 1) incoming calls. Thus, available channel time 

is never wasted during the busy hour. 

3. Z. 5 Satellite Segment Definition 

In this section the satellite will be defined including the trans­

ponders, the antenna, the switch and processor, the power and propulsion 

systems, and the attitude control subsystem. The weights will be derived 

and a design described. A number of pertinent factors were considered, and 

studies performed to define what appeared to be the most reasonable way of 

satisfying the system requirements. In no case, however, was a true opti­

mum or best trade solution suggested. Such trade studies and optimization 

investigations should be performed in the next serious iteration of system 

study. 
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3.2.5. 	1 Multibearn Antenna 

The multibeam antenna is perhaps the single most unique and 

significant feature of the satellite, which together with the onboard switching 

device is absolutely essential for system operation. The reason for its 

existence is the fact that a large satellite antenna is required due to the low 

user transmitter power, the large antenna, and the high frequency combina­

tion making for a very small footprint. The small footprint of the antenna 

must then be replicated a large number of times to attain a reasonable 

coverage without losing the advantage of the large antenna itself. This 

replication, however, enables a great deal of frequency reuse to be otbained 

and works to the advantage of the system in general. The major require­

ments for the satellite antenna are to provide a number of simultaneous 

beams of the proper diameter on the earth with sufficient isolation between 

beams to allow frequency reuse and with the simplest possible structure to 

allow the maximum antenna gain and the minimum construction difficulty. 

The highlights of an analysis that was performed to these ends is discussed 

in this section with the details being shown in Appendix A. 

The link calculations performed in Section 3. 2. 2 indicated 

the requirement for an antenna diameter of about 67 m, operating at a 

frequency of about 5 GHz. The footprint of this antenna, operated from 

synchronous equatorial orbit, was determined to be somewhat larger than 

20 nmi diameter at the subsatellite point, as shown in Figure 3-21. In 

actuality, however, the satellite antenna aim point must be offset from the 

nadir depending on the latitude and longitude of the area to be covered. The 

latitude for the furthest north aim point is about 48 deg and the longitude 

difference between the subsatellite point and furthest aim point is about 

6 deg if the satellite is positioned over one of the coasts, or about 3 deg 

if the satellite is positioned over the middle of the U. S. The actual beam 

footprint was calculated at the -3 dB contour points and is shown in Figures 

3-2Z through 3-25 for various geometries, with the satellite positioned over 

Los Angeles aiming at Dallas or Los Angeles, and with the satellite positioned 
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Figure 3-21. 	 Beam Footprmnt on the USA from 
Synchronous Equatorial Orbit 

over Dallas aiming at Boston. A further geometry was analyzed with the 

satellite positioned over Los Angeles and aiming at Seatlle. These figures 

indicate that the satellite footprint will vary from almost a circle to an 

elipse with a major-to-minor axis ratio of 1. 5 to 2. 5 depending on the 

geometry. The average area encompassed in these elipses is approximately 

equqal to that of a 30-mi circular area and so that latter number was used 

in the remainder of the calculations. 

In use, a multibeamn antenna will allow frequency reuse due 

to the fact that nonadjacent beams can nominally operate on the same 

frequency providing that the sidelobe levels do not interfere. In principle, 
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this is shown in Figure 3-26 where the illustrated antenna is a lens although 

a relfector antenna would be equivalent. In this case, it is seen that if a 

circular array of beam footprints is formed, three frequencies (one per 

beam) are adequate to cover an infinite of spots. This can also be extended 

to eliptical beams by analogy with the four color map problem - irregular 

shaped beams would require four frequencies. Thus, the total bandwidth 

occupancy of a set of eliptical beams is expected to be, as a minimum, 

three times the bandwidth occupancy of a single beam. In practice, multi­

beam antennas that have been analyzed and/or constructed have, shown a 

frequency reuse ability approaching this number, the degree of closeness of 

approach being dependent on the sidelobe levels and the tolerable interfer­

ence from neighbor beams. 

The allowable level of the sidelobes is a function of how much 

tolerance there is for interference from all of the sidelobes of all of the 

other beams in the pattern. A worst case calculation was made in lieu of 
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Figure 3-26. Multibearn Antenna ind Frequency Reuse 
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an antenna trade-off study, in which the total allowable sidelobe level from 

all the sidelohes -of the antenna was plotted ve-rsus the first sidelobe level 

attained for two different interference level criteria. This plot is shown 

Figure 3-27. It is a set of contours with a given interference level (say 

10 dB) that can be tolerated as a parameter. The average level of all the 

sidelobes permissible rises with a decrease in the energy from the first 

sidelobe level and vice versa. The conditions under which this was calcu­

lated were for a plus or minus 3 deg off-axis coverage, over 7000 beams, 

an allowance of 3 dB for duplex operation, and 3 dB for the peak-to-average 

levels of the sidelobes. The interference level was calculated as one first 

sidelobe plus 7265 divided by 3 to account for the number of beams on the 

same frequency and multiplied by the two factors of 3 dB. 

The interference level that is considered tolerable is of course 

dependent on the signal-to-noise ratio available in the system. As seen by 

the link calculations in Section 3. 2. 2, the system normally operates with 

very low signal-to-noise ratios. It is thus expected that interference ratios 

ALLOWABLE SIDE LOBE LEVELS 
(First and average of all others within ±30 scan) 
n = 7265 BEAMS 
3 dB ALLOWANCE FOR DUPLEX OPERATION 

-10 - 3dB FOR PEAK TO AVERAGE OF LEVEL OF SIDELOBE 
I = TOTAL ALLOWABLE INTERFERENCE LEVEL OF 

SIDELOBES 
I = ONE FIRST SIDELOBE + FAR SIDELOBES 
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Figure 3-27. Allowable Sidelobe Levels 
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equally low will be tolerable, particularly since a digital stream is used. 

In fact, since the signal-to-noise ratio at the design point is 8 dB, Figure 

3-27 is plotted for interference levels varying from 10 to 12 dB below the 

expected level of the signal or the main beam. This worst case calculation 

then indicates that in order for an interference level of 10 dB to not be 

exceeded, the average sidelobe level must be at least in the order of 40 dB 

down if the first sidelobe level of the antenna pattern is 13 dB down from 

the main beam. As will be seen from antenna patterns to follow, this is 

not such a tough requirement and can probably be met. Conversely, should 

the average sidelobe level rise above -37 dB, the first sidelobe level must 

not exceed -25 dB in order for the total interference to be tolerable. 

The expected radiation pattern of the multibeam antenna was 

calculated, and appears in full in Appendix A. A portion of that material 

deals with the average and peak sidelobe levels expected for various types 

of antennas. As a prerequisite, the total scan angle or angel off the axis 

of the antenna was determined in a simplified manner for the CONUS, 

Alaska, and Hawaii and is shown in Figure 3-28. It is shown that a coverage 

of :L3 deg is the most that is required for coverage of the CONUS with a 
satellite longitude approximately over Dallas, and a latitude offset of about 
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Figure 3-28. Angular Coverage Requirement of MBA 
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5. 5 deg. Should coverage of Hawaii and Alaska also be desired, the satellite 

would be positioned over California with a latitude offset of about 5 deg; 

however, a +6-deg scan angle would then be required. The beam pattern 

of an antenna of 1016 wavelengths diameter (approximately 200 ft at 5 GHz) 

was then computed for f/D ratios of 1 and 2 and two tapers of illumination 

-10 and -30 dB. The resultant antenna pattern plots are shown in Figures 

3-29 through 3-32. Reviewing these figures it is seen that the comalobes 

come up very rapidly as the beam is steered off axis, with the peak of the 

first sidelobe being reached at an angle of about 2 deg in all cases in which 

the f/D is 1. For an f/D of 2, however, the peak is reached for the furthest 

off-axis scan. 

The calculation for the average sidelobe level beyond the 

first two sidelobes was carried out for the f/D of Z with taper of 30 dB 

case for the pattern 4 deg off axis. The average far sidelobe level for 

this pattern was calculated to be 48. 4 dB below the mainlobe, thus exceeding 

the criteria shown in Figure 3-27. 

There is a gain loss in scanning far off axis for the different 

configurations just considered, and these gain losses are shown as a function 

of scan angle in Figures 3-33 through 3-36. In these figures it is seen that 

a gain loss of at least 3 dB is incurred at angles of 3 deg or more off axis 

for both tapers with a f/D of 1; however, with antennas with f/D of Z the gain 

loss is less than 1 dB at 3 deg off axis. This implies that in order to have 

high efficiency the antenna should be operated with an f/D ratio of at least 2. 

The previous sets of curves have been assembled and sum­

marized in tabular form in Tables 3-18 through 3-21 inclusive. Referring 

to these tables, it is seen that very good scanning performance and on-axis 

efficiency is obtained for antennas with f/D of 2 and particularly with an 

illumination taper of at least -10 dB and preferably -30 dB. At 3 deg off 

axis, a loss of less than 0. 5 dB with a sLdelobe or comalobe maximum of 

-15 dB should be realizable in this type of antenna. Also for performance 
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Table 3-18. Performance Summary of Paraboloidal Designs 

CASE I 

(a) GENERAL DESCRIPTION 

REFLECTOR DIIETER 200 ft (1016X at 5.0 GHz) 

f/flD RATIO 1.0 

APERTURE ILLUMINATION TAPER -10dB 

(b) ON-AXIS PERFORMANCE 

APERTURE GAIN (maximum) 70.1dB 

ON-AXIS DIRECTIVITY 69 7 dB 

ILLUMINATION EFFICIENCY 91.3% 

HALF POWER BEAM WIDTH 0.0650 

(c) SCANNING PERFORMANCE 

FEED ANGLE 00 20 40 60 

BEAM ANGLE 00 1.930 3.920 5 930 

BEAM DEVIATION FACTOR - 0.97 0.98 0.99 

SCANNING LOSS (dB) - -2.21 0.98 -665 

SIDE LOBEICOMMA LOBE (dB) -22 20 -9.30 -10 90 -9 90 

Table 3-19. Performance Summary of Paraboloidal Designs 

CASE II 
(a) GENERAL DESCRIPTION 

REFLECTOR DIAMETER 200 ft (1016X at 5.0 GHz) 

fID RATIO 1.0 

APERTURE ILLUMINATION TAPER -30 dB 

(b) ON-AXIS PERFORMANCE 

APERTURE GAIN (maximum) 70.1 dB 

ON-AXIS DIRECTIVITY , 69.0 dB 

ILLUMINATION EFFICIENCY 77% 

HALF POWER BEAM WIDTH 0.0710 

(c) SCANNING PERFORMANCE 

FEED ANGLE 00 20 40 6 ° 

BEAM ANGLE 00 1.940 3.920 5.930 

BEAM DEVIATION FACTOR - 0 97 0.98 0 99 

SCANNING LOSS (dB) - -1.59 -3.88 -5.22 

SIDE LOBEICOMMA LOBE (dB) 25.50 dB -11.60 -10.10 -11.80 
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Table 3-20. Performance Summary of Paraboloidal Designs 

CASE II I 

(a) GENERAL DESCRIPTION 

REFLECTOR DIAMETER 200 ft(1016X at 5 0 GHz) 

fiD RATIO 2.0 

APERTURE ILLUMINATION TAPER -10 dB 
Ib) ON-AXIS PERFORMANCE 

APERTURE GAIN (maximum) 70 1 dB 

ON-AXIS DIRECTIVITY 69.7 dB 

ILLUMINATION EFFICIENCY 91 316 

HALF POWER BEAM WIDTH 0 0650 

(c) SCANNING PERFORMANCE 

FEED ANGLE 00 20 40 60 

BEAM ANGLE 0. 1 98. 3.970 5.980 
BEAM DEVIATION FACTOR - 0.99 0.99 0.99 

SCANNING LOSS (dB) - -0 18 -0.66 -1 46 

SIDE LOBEICOMMA LOBE (dB) -22.10 -16.10 -12 70 -10 70 

Table 3-2 1. Performance Summary bf Paraboloidal Designs 

CASE IV 

(a) GENERAL DESCRIPTION 

REFLECTOR DIAMETER 200 ft (1016X at 5.0 GHz) 

f/D RATIO 2.0 

APERTURE ILLUMINATION TAPER -30 dB 

(b) ON-AXIS PERFORMANCE 

APERTURE GAIN (maximum) 70 1 dB 

ON-AXIS DIRECTIVITY 69.0 dB 

ILLUMINATION EFFICIENCY 77.2% 

HALF POWER BEAM WIDTH 0.0710 

(c) SCANNING PERFORMANCE 

FEED ANGLE 0 . 20 40 60 
BEAM ANGLE 00 1.980 3.980 5.980 

BEAM DEVIATION FACTOR - 0.99 0.99 0 99 

SCANNING LOSS (dB) - -0.13 0.48 -1 08 

SIDE LOBEICOMMA LOBE (dB) -25.00 -18.00 -14.30 -12.00 
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at 6 deg off axis, required for coverage of Alaska and Hawaii, a scanning 

loss of 1 dB with a sidelobe or comalobe level of -12 dB (worst case) should 

be attainable. 

The previous analysis was carried out for ideal paraboloidal 

reflectors. It is not clear, however, that such antennas represent the best 

compromise inasmuch as the tolerances for the mechanical positioning of 

the feeds and the curvature shaping and positioning of the reflector are all 

very critical. Furthermore, since the beamwidth of the antenna is nom­

inally quite small (about 1 mrad) either the spacecraft must be pointed to 

an accuracy of about 100 mrad and all motions at the antenna reduced to 

that level or smaller, or there must be some form of decoupling of the 

antenna from the spacecraft- or electronic beam steering. 

A trade study was therefore performed between horn-fed 

parabola reflectors, array-fed parabola reflectors, lenses, lens-fed arrays, 

and Butler-fed arrays representing the spectrum of choices for multibeam 

antenna for a satellite of this type. The details of the trade study are con­

tained in Appendix A and the results are summarized in Table 3-22. Refer­

ring to this table, the different characteristics or attributes of the antenna 

types just mentioned were compared. It was found that due-to the large 

number of corporate-fed or Butler-fed matrix points required, that such 

arrays exhibited very low efficiency compared to all other types. The 

array-fed parabolas, which allowed for electronic beam storing with vari­

able power dividers, showed in-between efficiency. Lenses and horn-fed 

parabolas should be capable of very high efficiency as demonstrated by the 

last set of figures. 

A second parameter evaluated was one that allowed shaping 

of the beam for sidelobe control, including the option to refocus the antenna 

as a function of scan angle to maintain optimum sidelobe levels. In this 

characteristic the arrays showed the highest degree of flexibility, with a 

horn-fed parabola showing the least. An array-fed pirabola showed 

in-between flexibility as did lenses. A third attribute was the frequency 
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Table 3-22. Antenna Choice Considerations 

ANTENNA TYPES 

Butler-Fed Lens-Fed Horn-Fed Array-Fed
PARAMETER Arrays Arrays Parabolas Parabolas Lenses 

Efficiency Low Low High Moderate High 

Sidelobe Control Moderate - Moderate 
For Scanned Beams High High Low MHgh 

Frequency Independence LOW High High Probably High 
of Scan Angle Low 

Electronic Steering 
Moderate Moderate Highof Ensemble of Beams High High 

Weight (67 m) High High Low Moderate Moderate 
20,000 lb 20,000 lb 4,500 lb 5,800 lb 5,400 Ib 

independence of the scan angle. In this case, what is important is that 

the scan angle far off the axis not change for the transmit and receive fre­

quencies to be used. Since this analysis was performed to be applicable to 

20 and 30 GHz antenna systems as well as to 5 0Hz systems, the scan 

angle could vary as much as 50 percent for transmit and receive frequencies 

for a linearly frequency-dependent system. For this reason, antennas that 

contain frequency-dependent components were downgraded. This includes 

Butler-fed arrays and probably array-fed parabolas, with all other antennas 

being fairly frequency-independent, containing only time delays in the RIF 

paths. 

A fourth attribute was the ability to perform electronic steer­

ing of the total ensemble of beams in order to alleviate the beam pointing 

requirements of the satellite itself, in anticipation of the antenna being a 

very large structure not easily pointed by the entire .satellite or not readily 

decoupled by the satellite proper. In this case, the arrays exhibited high 
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flexibility as did a lens with active time delay or phase control of the lens 

elements. The parabolas represented a moderate capability inasmuch as 

electronic steering is much more difficult to incorporate in an offset-fed 

parabola since the radiation center of the feed must be moved. A last and 

very telling attribute from the analysis of Appendix A is the weight of the 

67-m dia antenna with an estimated 7000 feeds. In this case, it was found 

that the arrays were extremely heavy compared to all other antenna types, 

with the horn-fed parabolas being the lightest and array-fed parabola lenses 

being comparable and also very low in weight. The weights shown in Table 

3-2Z include all elements of the antenna including structure, feeds, reflec­

tor, lens, and supports. 

As a summary of the antenna trade study, it appeared that 

lenses and parabolas each had attributes that made them desirable can­

didates for the spacecraft antenna. The arrays suffered from low efficiency 

and high weight and were rejected for this study. The choice between 

parabolas and lenses could not be made well in the time and with the resources 

available. Therefore the choice was made based on the availability of design 

data for electronically steered antennas. Since a great deal of work was done 

by Grumman Aerospace Corporation on large space lens antennas capable 

of being self-deployed, electronically steered, and in sizes larger even than 

needed, lenses were adopted as the baseline for the study with the under­

standing that follow-on studies would have to make detailed trades between 

parabolas and lenses. 

The antenna design for the baseline system is presented below. 

The requirements for the antenna are summarized in Table 3-Z3 and the 

spaceborne antenna characteristics summarized in Table 3-24. An illustra­

tion of the antenna is shown in Figure 3-37. The antenna is seen to be a 

series of three thin films, 67 m in diameter, which are stretched within 

compression beams and form a ground plane, input plane, and output plane 

for a bootlace lens. The elements of the bootlace lens are printed on the 

input and output films and active phase shifter or time delay shifter networks 
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Table 3-23. Personal Communications System Requirements 

ANTENNA D I AMETER 67 m
 
NUMBER OF BEAMS ENOUGH TO COVER CONUS WITH 35%
 

OVERLAP 
OVERLAP POINT 3 dB 
SOLID ANGLE OF CLUSTER CONUS-0.0064 sterad 
FIELD OF VIEW 0.0974 rad EW x 0.0652 rad NS 
BEAM SIZE COMPATIBLE WITH REQUIRED GAIN 
DIRECTIVE GAIN 70.73 dB AT X =0.0612 m 
WAVELENGTH 0.068 m- K 0.0666 n UPLINK 

0.0625 m _X 0.0612 m DOWNLINK 
FREQUENCY 4.4 - 4.5 GHz UPLINK 

4.8 -4.9 GHz DOWNLINK 
POWER (max) 500 WPER BEAM IN 30 BEAMS 
SIDELOBES -15 dB AT MAX ANGLE OFFSET 
MODULATION DIGITAL QPSK
 
ORBIT ALTITUDE 35, 871 km
 
ORBIT LATITUDE 0 deg
 
ORBIT LONGITUDE 100 deg W
 
POLARIZATION 2 ORTHOGONAL LINEAR
 
BANDWI DTH 10 MHz PER BEAM
 
COVERAGE CONUS
 
RECEIVER NOISE TEMPERATURE
 
ANTENNA SYSTEM NOISE TEMPERATURE
 
BEAM STEERING 10 milrad
 

printed on a stretched ground plane film and connected by printed lines to 

the input and output elements. The ,lens is contained within a compression 

structure supported from a deployable mast with guy wires. The compres­

sion structure is supported to the feed horn cluster by space-extendable 

or space-fabricated beams to form an antenna whose length is approximately 

twice its diameter. The support masts were designed to be outside of the 
main beam of the feed horns in order to avoid generating intermodulation 

products. This subject will be treated in much more depth in Section 

3.2.5.2. 

3-68
 



Table 3-Z4. Personal Communications System Spaceborne 
Antenna Characteristics 

TYPE MULTIHORN FEED AND BOOTLACE LENS f/D = 2 

FREQUENCIES 4.4 - 4.56 GHz UPLINK 
4.8 - 4.9 GHz DOWNLINK
 

DIAMETER OF LENS 67 m
 

BEAMWIDTH 1.114 (10) - 3 rad PER BEAM (0.064 deg)
 
NUMBER OF BEAMS 6084
 

COVERAGE CONUS WITH 35% OVERLAP 
DIRECTIVE GAIN 70.7 dB AT X= 0.0613 m 
RF POWER 0.5 W PER CHANNEL (250,000 channels) 

125 kW maximum 
FEE D 

TYPE FLARED CIRCULAR HORNS, CIRCULAR WAVEGUIDE 

DIMENSIONS-


FEED DIAMETER 11.95 m (max)
 

HORN DIAMETER 15.4 cm
 

FEED DEPTH 60 cm
 

WAVEGUIDE DIAMETER 4 cm
 
MATERIAL GRAPHIC ALUMINUM COMPOSITE 

NUMBER OF HORNS 6000 
POLARIZATION 2 ORTHOGONAL LINEAR 

WEIGHT 2598 kg INCLUDING LENS, FEED, SUPPORT STRUCTURE 

The weight of this antenna was calculated utilizing the weight 

methods pioneered by Grumman, and the weight is summarized in Table 3-25. 

It is seen that the entire antenna is expected to weight less than Z600 kg 
2representing a weight of about 0. 7 kg/m . The tolerances for the various 

components of this antenna were calculated by the following procedure: 

The geometry of a lens antenna with a diameter D, is defined 

by a feed located at a distance f from the plane of the lens. The geometry 

is shown in Figure 3-38. The angle a is defined by 

tana = D (5) 
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1mcm 	 COMPRESSION BEAMS 

NON-METALLIC~HORNSUPPORTS2m CLUSTER 

6084 HORNS 

FSTRETCHED 	 TOTAL WEIGHT - 2600 kg 

THIN FILM POWER GAIN AT 
44 GHz =68 db 

=:[ --PHASE SH IFTER 

:=[ --PHASE SHIFTR 

--PHASE SHIFER 

BOOTLACE LENS 	 SPACE FABRICATED BEM 

Figure 3-37. 	 Multibeam Antenna for Personal 
Communications 

Table 3-25. Weight Breakdown, Personal
 
Communications Antenna
 

FEED HORN ASSEMBLY 	 1112 kg 
- HORNS
 
- SUPPORTS
 
- WAVEGU IDES
 

LENS ASSEMBLY 800 kg
 
- ELEMENTS
 
- FILMS
 
- SHIFTERS
 
- COMPRESSION STRUTS
 
- STAYS
 
- MAST
 

SUPPORT STRUTS 586 kg
 
- LENS/FEED SUPPORTS
 
- 4 STRUTS (SPACE FABRICATED BEAMS)
 

CONTINGENCY 	 100 kg 

TOTAL-	 2600 kg 
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Assume that the surface of the lens is distorted so that the edge of the lens 

defined by the point 2 is moved to the point 2'. The ray path to the point Z 

is given by 

PL - (6)Cosa 

For the distorted position of the surface of the lens, there is an increase in 

the ray path length, A and a decrease in the path length to the point Z' which 
is given by a The net change in path length is therefire E defined by 

Cos a ) 

E =A(o a 1) (7) 

If the allowed path length change is X, then 

Ei(8-6i- = A l _) (8) 

and the allowable surface distortion is 

A L I - I) (9)
16 (cos a 

For example, if the f/D ratio is 2. 5, then from Eq. (5), a = 11. 310, and 

cos a = 0. 98. Then from Eq. (9) the allowable surface distortion is 3. 16 

Figure 3-38 shows the relationship between f/D ratio and tolerance for an 

allowable phase error (path length change) of k/8 and X/16. Typical values 

of maximum allowable irregularity in the wavefronts or equiphase surfaces 

formed by lens are X/8 and X/16. The smaller the allowed phase error 

the lower the sidelobes, and the less the gain loss. Actual values depend 

upon the particular antenna design, since the factors to be considered include 

f/D, scan angle, illumination function, sub-array design, etc. 
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2Ic 1.PHASE -,i ERROR 
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0.8 1.6 2.4 '3.2 
fiD 	= FOCAL LENGTH 

DIAMETERTOLERANCES 

Figure 3-38. Geometry of a Lens Antenna 

The resultant deformation allowances are very generous at 

5 GI-Iz for the satellite antenna, amounting to 12 to 50 cm as also shown in 

Figure 3-38. This represents less than a factor of 1 in 1000 length control 

or tolerance control as opposed to requirements for parabolic antenna sys­

tem of about an order of magnitude more difficult. 

3. 2. 5. 2 Intermodulation Products 

One of the more serious potential problems that may be 

present in an advanced design of this type is the problem of nonlinear inter­

modulation product generation, which could cause self-interference of a 

satellite operating in both the transmit and receive modes. Such generation 

has been observed in every advanced satellite that has been designed and, 

in fact, was very crucial in a design problem affecting the very feasibility of 

the FLTSATCOM satellite. 
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A simplified analysis was performed of the excess intermod­

ulation product generation problem. The mechanism is one in which two 

frequencies or more impinge on a nonlinear element such as a rivet, bolt, 

discontinuity between two conductors, probe, the end of a horn, or any other 

device with nonlinear characteristics, which causes sum and difference 

products to be generated - some of which may be within the passband of one 

or more of the receivers of the system. The following simplified analysis 

was used to determine the magnitude of the effects for the Personal Com­

munications Satellite. 

Intermodulation products (IMPs) are formed by a combination 

of signals. The IMP frequency and bandwidth are related to those of the 

signals (or fundamentals) by 

N 

f~viPI anfn 
n=l
 

N 
bIk P Jani bn 

n=1
 

where an are integers (positive or negative). The order of the IMP is 

N 

order = I jan 

n=l
 

In this study only IMPs near the signal frequencies are of interest, which 

is expressed by 
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3N 
1 a a

n • 

n=l
 

This condition is satisfied only by odd order IMPs. A few examples of such 
IMPs are fI + f2 "f 3 (3rd order); Zf I + f? - f3 - f4 (5th order); 10f, - 9f 2 

(19th order). 

Active IMPs are formed in active components such as ampli­

fiers, and can be as strong as 10 dB below the power of the fundamentals. 

Passive IMPs are formed in "passive" components, which are usually 

assumed to be linear, such as filters, waveguide, and connectors. Their 

level is typically quite low (e. g. , 50 to 200 dB below the fundamentals' power), 

because of the very small nonlinearities of the components in which they are 

formed. These low power IMPs, generated in the satellite, may interfere 

with the uplink signals in the satellite's receivers. 

The satellite will operate in the 4. 4 to 4. 9 GHz band. It will 

be assumed that the uplinks are at the lower end of the band and the downlinks 

at the higher end. (However, reversing this assumption will not change the 

analysis. ) The satellite will have three uplink and three downlink frequencies. 

Associated with each is a 15-MHz band, in order to accomodate up to 1000 

digitize'd voice signals. 

No matter what frequencies are assigned for transmission, they 

they may be defined as being within the limits fT ± A:. The highest IMP fre­

quency that can be generated, for order m, is 

fIMP = m(fT + A) - m(fT - A) 

= fT + nA 
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where 

m (m + 1)/a 

m = (m- 1)/2 

and 

rn-rn = 1 

If the lowest receive frequency is fR' the condition for potential IMP inter­

ference is 

fT+ mA >fR 

f - fT 
m. T 

Since the power in the IMPs decreases with increasing order, it is desirable 

to maximize the right side of this equation. Two factors contribute to this 

maximization. First, separate the transmit and receive frequencies as 

much as possible. Second, minimize the transmission band. Using these 

two principles, and allowing some small guardbands between the three 

channels, the following frequency plan is recommended. 

Transmission 4410 - 44Z5 MHz 

4435 - 4450 

4460 - 4475 
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Reception 	 4825 - 4840
 

4840 - 4865
 

4875 - 4890 

There are two types of IMP interferences. The three 15-

MHz transmit channels may combine with each other to form IMPs. These 

are interchannel IMPs. In this case fT is 4442. 5 MHz and A is 32. 5 MHz. 

Since f£R is 4825 MHz, there is a possibility of interference for 

4825 - 4442.5 11.8 
32.5 

Since m must be an odd integer, thirteenth order IMPs are the first that 

could cause a problem. 

A second type of IMP is that generated by the various signals 

within one 15-MHz transmission channel. This is intrachannel IMP inter­

ference. In this case the channel nearest to the receive band is most critical. 

Thus fT = 4467.5 MHz and A = 7. 5 MHz, so 

4825 - 4467.5 = 477 
7.5
 

Thus IMPs of orders 49 and above may cause interference. 

A baseline for IMP power levels is often a third order product 

generated by three signals. In the final FLTSATCOM qualification tests this 

level was always below -165 dBW and usually below -170 dBW. These levels 

include about 50 dB isolation between the transmit and receive antennas. 

Therefore, the actual third order IMP level was below -115 dBW. 

Test results from a number of systems show that the IMP 

power level typically drops about 10 dB per odd order. Rarely is the drop 

as small as 5 dB per odd order, but in some cases it can be 20 dB per odd 

order. Furthermore, for any order IMP, the power level usually increases 

with the number of signals involved in its generation. Thus, a five-signal 
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fifth order IMP is expected to be slightly stronger than a two-signal fifth 

order IMP in the same system. No general quantitative rules have been 

formulated for this relationship. 

The IMP power level also depends on the power levels of 

the original signals. For a third order IMP 

3
 

lIMP= anfnIM 

the power relationship is 

AP (fIMP) 

AP (f) - Ia 1 

There is less evidence to support a relationship between the power in higher 

order IMPs (even 5th order) and the power of the original signals. In some 

experiments the slope of fifth order power versus signal power was the same 

as the slope for third order This relationship will be assumed here. 
Therefore, lMfP power levels will be computed by the following steps: 

1. 	 The reference level is <-115 dBW for a third order 
generated by three +15 dBW signals 

2. 	 Adjust third order level for actual signal level 

3. 	 Decrease level 10 dB per odd order for higher order IMPs. 

The satellite transmitter power per voice channel is expected to 

be 0. 5 W (-3 dBW). Each beam will handle a maximum of 1000 voice chan­

nels. However, it is well known that, on the average, a voice channel is 

active only 40 percent of the duration of a telephone call. Thus, we expect 

a maximum of 400 active voice channels per beam. Assuming that indi­

vidual voice channel amplifiers are on only when the channel is active (or 
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that a single high power amplifier for the entire beam is sized according 

to voice statistics), the maximum instantaneous power per beam f§ 200 W. 

The required IviP power level may now be calculated. 

Remembering that all signals in this system are modulated, and that the 

bandwidth of an IMP is 

N
 
bl~ = I nb
 

1 

it is clear that the IMP is broadband. Also, there are a large number of 

potential flAPs of each order, so that any interference will be a combination 

of several IMPs. For these reasons, IMP interference is considered to 

have the characteristics of white gaussian noise. 

The satellite receiver noise temperature is estimated to be 

about 400 deg corresponding to a noise power density of about -202 dBW/Hz. 

This is equivalent to -130 dBW in a 15-MHz bandwidth. The IMP interfer­

ence should be well below the thermal noise so as to be a minor contributor 

to the total noise. At most the IMP level should be 10 dB below thermal 

noise, so that IMPs increase the total noise by no more than 0. 4 dB. It 

is better to allow some margin, so we will specify that the total IMP power 

in any band be 15 dB below thermal noise. * Thus, the acceptable IMP power 

level is -217 dBW/Hz or -145 dBW/15 MHz. 

Interchannel IMPs are formed by combinations of signals from 

either two or three of the transmission bands used by the satellite. For this 

aialysis we consider each bahnd to have a constant amplitude over the entire 

I 

*The FLTSATCOM specification is 20 dB below thermal noise. 
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15 MHz and no power outside the band. The signals* are separate until they 

are radiated from the antenna feed horns. Then, they can interact at three, 

locations: the mouths of the horns, the structure connecting the horns to the 

lens, and the lens (see Figure 3-39). 

First, consider flAPs formed at the horns. If three full power 

(23 dBW) signals interact, a third order IMP will be <-91 dBW, because each 

signal is 8 dB stronger than the reference level. If the drop per odd order 

ANTENNA GEOMETRY 

LN 
-"-

ENSUOR 

FEEDHORN ISOLATION 

-- I _20 dB BARRIER 

STRUCTURE ISOLATION 

48 cm 

FEEDHORN 
NEAREST 
STRUCTURE 

15 cm 
dia 

1 

REGION WHERE POWER 
DENSITY IS 1110 DENSITY 

16 cm 
AT FEEDHORN 

THE 27 5cm (11 In ) SEPARATION ENSURES THE STRUCTURE WILL 
BE IN A REGION OF POWER DENSITY AT LEAST 10 dB BELOW HORN 
POWER DENSITY. CONSERVATIVE FACTORS NOT INCLUDED LOWER 
POWER DENSITY AT EDGE OF BEAM, EFFECT OF X AND , BEAM 
AIMED TOWARD CENTER OF LENS (away from structure) 

Figure 3-39. Antenna Geometry 

"Each "signal" is a 15-MHz band. 
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is 10 dB, then a thirteenth order IMP (the lowest order which can interfere) 

will be <-141 dBW. The bandwidth of such an IMP is 13 times 15 MHz, so 

only 1/13th of the power can be in a receive band. Thus, the interference 

level will be <-152 dBW. Since the required level is <-145 dBW, a combina­

tion of up to five such IMPs can be tolerated. This condition may be con­

sidered marginally acceptable. However, it should be possible to provide 

20 dB isolation between the honrs (see Figure 3-39). This would reduce the 

IMP level 20 or 40 dB, depending on which signals are involved in the gen­

eration of the IMP. This additional margin should be sufficient, since only 

IMPs generated near a particular horn will be a problem, the others being 

attenuated as they radiate from their source to the horn. 

Next, consider IMPs formed on the structure. If all signals 

interact at full power, the IMP level will be -152 dBW, as before. However, 

if the signals interact in a region where they are each 10 dB below peak 

strength, the IMP will be reduced another 30 dB. This condition is easy to 

ensure, as depicted in Figure 3-39. 

Finally, consider IMPs formed at the lens. The signal power 

density here is reduced from that at the horns by the square of the ratio of 

horn diameter (-l ft) to lens diameter (ZOO ft). This reduction is 46 dB 

per signal, with the' result that the IMP level will be insignificant. 

Based on this analysis, it is believed that 13th order inter­

charnel IMPs can be controlled sufficiently to prevent interference. 

Fifteenth order IMPs will be about 10 dB weaker and therefore neither they 

nor higher orders should be a problem. 

Intrachannel IMPs are formed by combinations of the signals 

within one 15-MHz band. The worst case is the highest frequency trans­

mission band interfering with the lowest frequency receiver. The receive 

band is 48Z5 to 4840 MHz, and 49th order IMPs exist up to 4835 MHz. These, 

and higher order IMPs, combine to produce the potential interference to the 

receiver. 
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Consider a fully loaded band, used for 1000 voice signals, with 

400 on at any one instant. The 49-signal 49th order IMPs have the form 

25 24 
fIMP =I fj I, 'k 

j=l k=l 

and their number isN = 400 C375 4001 which is about 
i6 C Z4 = 251 241 3511 1261.4 x 10 The number of 48-signal IMPs is about 4 x 10 , but the 

number of IMPs with fewe'r signals decreases significantly, so the total 

number of 49th order IMPs is ,about 101 Z7 . 

In this case each signal has a level of -3 dB, 18 dB below the 

FLTSATCOM test level. Thus, the third order IMP should be 54 dB below 

the reference IMP, or <-169 dBW. If the level drops 10 dB per odd order, 

a 49th order IMP would be below -399 dBW. If the drop were Z0 dB per odd 

order, the level would be below -529 dBW. However, in either case the 

total power in all the 49th order flvtPs would be greater than the power in the 

400 signals which generated the IMPs. 

This "result" is to illustrate the fact that techniques that work 

for a few signals (e.g. , 2 to 12) and low orders (e.g. , 3 to 13) do not apply 

directly to cases with very high IMP orders and very large numbers of sig­

nals. It is highly probable that the physical mechanism, involved in the IMP 

generation, changes significantly and thus cannot be described by the general 

rules discussed earlier. Since no one has done any tests with many signals 

and high orders, there are no results from which rules can be derived. 

Intuitively, it seems reasonable that 49th order IMPs for 1/2 W signals would 

not be a problem, but only an experimental program can give a firm answer 

to the question. 

The conclusion is therefore reached that even though a defini­

tive answerfor the intrachannel mtermodulation products requires further 

analysis, both intuition and the results of the interchannel analysis indicate 
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a reasonable probability that a design can be achieved that will not cause 

excessive self-interference in its operation. The requirements on the 

rest of the system design are straightforward, being a light separation 

between the outermost feed horns and the support beams for the lens, as 

shown by Figure 3-39. The placing of 20-dB barriers between adjacent 

feed horns or ensuring that the feedthrough coupling is subjected to at least 

a 20-dB attenuation, and assuring that otherwise no structure is seen by the 

illuminating beams until well along the separation distance between the feed 

horns and the lens are requirements that are easily met and have been 

applied in the satellite deisgn. 

It must be mentioned that even if serious difficulty had been 

uncovered in this area, a straightforward solution still would have existed, 

requiring but two antennas separated by several antenna diameters - one 

being used solely for transmission and the other solely for reception, being 

interconnected via a floating cable or a ve-ry short range microwave or laser 

link. Because of the problems of coordinated tracking and pointing as well 

as the increased expense and weight, such a solution is undesirable, however, 

it is eminently feasible and could be adopted if needed The baseline design, 

however, has proceeded with a single antenna structure for both transmit 

and receiver for all frequencies and channels. 

3.2. 5.3 Switch and Processor 

By far the most complex component of the entire satellite is 

the device that is to accept the 230, 000 channels in the receivers demodulate 

them to baseband, and switch them to Z30, 000 output lines to be modulated 

and transmitted back to the earth in the downlinks. As we have seen, the 

requirement to demodulate to baseband exists for two reasons. The first 

requirement is to be able to recognize the addressor and addressee for 

proper switching of callee to caller and thus to perform the functions of a 

telephone switchboard in the sky. The second requirement stems from the 

fact that the very low EIRP in the wrist radio, even when received by the 
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67-meter satellite antenna, results in . signal-to-noise ratio in the RF 

bandwidth that is very clearly negative, and thus the passband must be 

narrowed to baseband to detect the signal at all. Both of these factors 

require a matrix interconnection switch at baseband for satellite operation. 

A first simplified consideration on the configuration of such a switch was 

performed using crosspoint interconnection switch, as an example the 

following design for a digital time division switch is presented. 

A simple nonblocking square array with N .inlets and N outlets 

requires N crosspoint contacts. For N = 250, 000, the number of cross­

point contacts would be 6. 25 x 1010, which is evidently an impractical 

result. A three-stage nonblocking network having the most favorable con­

figuration of input and output switches would require approximately 7. 1 x 

108 crosspoint contacts. Ref (5). While this is an improvement of nearly 

100 to 1 with respect to a square array, the resultant number of crosspoint 

contacts is nevertheless discouragingly high. For increasingly large values 

of N, five-stage, seven-stage, and higher numbers of stages provide further 

reductions in the number of required crosspoint contacts. Formulas for 

the general nonblocking multistage switching network are available. An 

extrapolation of known results suggests that the minimum number of required 

crosspoint contacts for the optimum nonblocking multistage switching network 

for N = 25, 000 input and output lines is about 2. 0 x 108 contacts. It appears 

that seven or possible nine stages would be required to approximate this 

result, with a rather involved stage control algorithm being required to 

thread each connection through successive stages. 

In present day commercial telephone systems, the use of 

nonblocking switching networks is rare. This is due in part to the large 

number of crosspoints required. The major reason a nonblocking switch 

would be preferred in this system is that a queuing option has been includedl 

in the design. In the normal telephone system, callers either ring through 

to the called party or they get a busy signal. The busy signal can either 

represent a busy subscriber line or a "trunk busy" (which can include a 
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blocked connection in an exchange even though idle lines are available). 

Normal telephone practice is to, supply a grade of service such that a call 

offered to a group of trunks or circuits will nearly always find an idle cir­

cuit at the first attempt, during the busy hour. As a result, the percentage 

of busy channels (i. e. circuits) in a multichannel telephone system is nor­

mally of the order of 10 percent, even during the busy hour. Hence, switch­

ing systems with a moderate level of blocking is tolerable, since blocking 

refers to the inability to interconnect two idle lines in a network because all 

possible paths between them are already in use. With a busy hour loading 

of the order of 10 percent, blocking rarely occurs because most paths are 

unoccupied most of the time. 

The situation changes with a queuing system. A queue can 

be formed whenever a call cannot be completed because either the subscriber 

is busy or the required system facilities are busy. The latter can include 

busy channels or a blocked switch. While some subscribers may be habitu­

ally busy, the more troublesome busy condition is the case where the 

system facilities become overloaded. In this system, a call goes into queue 

only after an attempt to find a sufficient set of subchannels to complete a 

desired connection fails (and then only if a mode 2 call has been requested). 

Therefore, the existence of a significant level of queuing simultaneously 

throughout the system is symptomatic of a condition wherein the 'facilitles are 

fully utilized. This will be a fairly frequent occurrence in the Personal 

Communications System, since the number of users, estimated to be 10 

percent of the 1990 population of the USA, is too large to be accommodated 

without a high degree of sharing of channels. Hence, it will often be found 

that calls are in queue and almost all subchannels in beams experiencing 

peak traffic are busy. The significance of blocking in the satellite switch 

now becomes clear. Because of the extensive sharing of channel facilities, 

the grade of service will not be comparable to the commercial telephone 

plant. Trunk busy signals (the only kind of busy signals returned on this 

system) will be common and a certain percentage of the subchannels will 

3-84
 



not be usable because block becomes more probable in a heavily loaded system. 

(This assumes that a nonblocking switch is not used). ,These difficulties 

become aggravated with the addition of the queuing system because now 

nearly all available channels are busy, particularly during peak hours, and 

those channels that are not busy are not usable mainly because of blocked 

switch paths. 

The conclusions of this preliminary thought are that more 

than likely the proper solution lies in a digital switch in which all of the 

queuing sequences and flexible operating subroutines can be incorporated. 

A workable approach that was selected for defining a switch 

for this satellite system was to scale the largest of the ground-based elec­

tronic switching systems (ESS) engineered and now being installed by the 

Bell System. This is the No. 4ESS, which is now being installed at the rate 

of one a month in the United States. This system switches 100, 000 telephone 

channels and possesses a time division switching system controlled by a 

flexible processor. Two problems are faced when examining this system. 

First the system represents fairly old technology by today's standards. 

That is, it contains chips of medium scale integration and 4K RAMs. Second, 

it is not designed for space use with little attempt at weight reduction. 

Therefore, as a first project an attempt was made to break down the type 

and quantity of components used in the No. 4ESS, increase their number by 

a factor of Z. 3 to accomodate 230, 000 trunk lines, project the technology 

to that which can be expected to exist for 1988 for delivery to a 1990 system, 

and then estimate the power, size, and weight for the resultant system. 

The No. 4ESS is amply described in the literature. A view 

of the technology is shown in Figure 3-40 showing a veiw of the installed 

equipment and a back view of the equipment cards in the racks. 

Since two No. 4ESS equipment complements have a capacity 

of approximately Z30, 000 trunks, that was used as a basline for establishing 

present technology from which to project 1990 technology. The projections 

are broken into two five-year segments so a reassessment can be made to 
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fit. 

Figure 3-40. Number 4ESS 

ascertain the accuracy of the projections at the five-year point for instance. 

All the frames of the No. 4ESS equipment are comprised of digital circuits 

with no analog circuits except the power supplies. There are ten basic 

types of frames that make up the No. 4ESS equipment and these are itemized 

in Table 3-26 under the appropriate heading. The projected reduction in 

number of frames for 1983 and 1988 are shown in the next two columns with 

the rationale for reduction discussed in succeeding paragraphs. 

The use of large scale integrated (LSI) technology for lESS 

equipment is limited by the number of connections and interconnections 

possible off these small quarter-inch chips. The other key is the built-in 

redundancy to provide the high reliability that is needed for this application 

Significant reductions from present technology, however, can be made and 

these are shown in Tables 3-27 and 3-28 in which it is assumed that the 
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Table 3-26. Double No. 4ESS Circuit Power Pack
 
Technology Projections
 

NUMBER OF CIRCUIT!POWER 
PACKS PER SUBSYSTEM 

1983 1988 
1978 (Projected) (Projected) 

NETWORK SWITCH 
TS I 140, 80016, 144 42,666/11 862 14,0801614 
TMS 11,5201 640 3,4911 194 1,152/64 

LA PROCESSOR
 

CC 2,560/ 256 7761 78 256) 26
 
HIT DISKS 81 2 2! 1
 
CCT MT 5001 4 100! 2
 
CONTROL STORES 1,0081 168 2521 24 63 6
 
PROGRAM STORES 7201 120 1801 30 451 8
 
PPI 840/ 96 4201 48 120 24
 
IIO 1,0561 96 526! 48 263 24
 

SIGNAL PROCESSOR II 35,28011,904 10,690 577 3,5281190 

DIGROUP TERMINAL 134,40019,856 40, 72712, 987 13,4401986 

CCIS TERMINAL 56, 16013. 456 17,018/1, 047 5,6161346 

TOTAL 384, 344122, 736 117,25416, 901 38,66512, 291 

Table 3-27. Double No, 4ESS Power Consumption 
and Projections for 1988 

1978 1983 1988
 
SINGLE No. 4ESS DOUBLE No. 4ESS 

(kW) (kW) (W) 
NETWORK SWITCH 

TS I 170 340 103,030 34, 000
 
TMS 11.6 23.2 7,030 2,300
 

1A PROCESSOR
 

CC 15 30 9,090 3,000 
HIT -- -- 720 360 
CCT .-- 8, 000 800 
CS 1 2 500 125 
PS 1 2 500 125 
PPI 2.7 5.4 2,700 1,350 
110 1 2 1,000 500 

SIGNAL PROCESSOR II 45.7 91.4 27,697 9,140 

DIGROUP TERMINAL 176 352 106,666 35,200 

CCIS TERMINAL 1 2 606 200 

TOTAL 425 850 267, 539 87,100 
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Table 3-Z8. Memory Technology Projections 

1978 1983 1988 

TYPE OF CHIP bit POWER CENTS CHIP bit POWER CENTS CHIP bit POWER CENTS 
MEMORY CAPACITY PER bit PER bit CAPACITY PER bit PER bit CAPACITY PER bit PER bit 

RAMs 16K 3BW 0 1 64K 1014W 005 256K 25W 002 
I- System 
not device) 

CCDs 	 64K 12.5yW 0.05 256K 3pW 0.02 IM I 5mW 001 

BUBBLES 	 100K 6.25t.W 0.02 IM I/W 0.01 5M 0 luW 0 001 

pack costs and power remain the same and only the number of frames (i. e 

number of packs) are reduced by improved technology. 

The following assumptions in technology growth are applicable: 

DIGITAL LOGIC SWITCHES (All Frames Except IA Processor) 

1978 	 Medium scale integrated (MSI) digital logic is the 
technology used throughout the No. 4ESS frames of 
equipment. The individual chips are not mounted in 
dual-in-line packages (DIPs) but on aluminum hybrid 
circuit packs for much higher density. 

1983 	 There will be a threefold density improvement with 
both industry standard devices or with custom chip 
parts. The power per circuit pack is the same 
assuming 	similar speeds. 

1988 	 There will be a threefold reduction due to industry 
standard devices or with custom chip parts. The 
power per circuit pack is the same assuming similar 
speeds.
 

CONTROL/PROGRAM STORES (Using RAM Chip Technology) 

1978 	 No. 4ESS uses 4kb RAMs for all the control stores 
and program stores. Each board (4 m. by 6 in.) 
holds 8kb of storage using Z0 W. The control stores 
capacity is 64kb and the program stores is 64kb. 
Table 3-28 shows projected RAM memory technology 
trends. 
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1983 	 There will be 64K RAM chips in volumne production in 
1982. This is a reduction of 4:1 in circuit packs for 
both control stores and program stores, which results 
in 432 circuit packs and 54 power packs assuming 
similar speeds. 

1988 	 There will be Z56K RAM chips in production in 1988. 
This is again a reduction of 4:1 resulting in 108 cir­
cuit packs and 14 power packs assuming similar speeds. 

HEAD PER TRACK DATA (Replacement with CCD Technology) 

1978 	 Equivalent head per track (H/T) disk unit using 64kb 
CCD chips are off-the-shelf today (1978). One million 
bytes on a board (14 in. by 15 in.) with 100 W per 
board. Table 3-28 shows projected CCD technology 
characteristics. 

No. 4ESS 	has four Burrough's H/T disks with a total 
capacity of 10M 24-bit words (i. e. , 30Mb). Today this 
would be 30 boards with an average access time of 
500 vsec compared to the disk access time of 17 msec. 
Thirty CCD boards with chassis and power supplies 
costs approximately $120K. 

1983 	 There will be Z56kb CCD chips. The 4:1 reduction 
means eight boards with the same power assuming 
similar speeds 

1988 	 There will be 1Mb CCD chips. The 4:1 reduction 
means two boards with the same power assuming 
similar speeds. 

COMPUTER COMPATIBLE TAPE (Replacement with Bubble 
Technology) 

1978 	 Two manufacturers offer storage units using 100kb 
Bubble chips off-the-shelf today. Each board (6 in. 
by 6 in. ) holds 20kb using one Watt. Table 3-28 shows 
projected bubble characteristics. 

No. 4ESS has eight Conrac nine track, 1600 bbi, 75 ips 
computer compatible tape units with a capacity of 
125Mb (i.e., 4kb record size) per tape or 1000Mb 
total (i. e. , 8 x 109 bits). The equivalent in bubble 
chips (i. e. , 1 x 105,bits) today is 80K bubble chips 
which is obviously impractical (sizewise and costwise ­
$1. 6M). 
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1983 There will be 1Mib Bubble chips. The 10:1 reduction 
means 8K bubble chips or 500 small boards with the 
same power assuming similar speeds. 

1988 There will be 5Mb Bubble chips. The 5:1 reduction 
means 1, 600 bubble chips or 100 small boards with 
the same power assuming similar speeds. 

This technology assessment was a difficult task for several 

reasons and reflecting on them may help understand the results presented 

herein: 

1. 	 Technology is not only changing very fast but there are so 
many different approaches one cannot afford to study them 
all. Whichever inductry standard logic and memory com­
ponents evolve would be by far the lowest cost; whereas 
developing a whole family of custom LSI chips for this one 
system in space would be costly. 

2. 	 Packaging and interconnecting all the components to the 
230, 000 trunk lines is a major equipment task in this whole 
effort. From an electronics packaging design view, two 
promising approaches that should be investigated in detail 
are hybrid packaging and wafer-scale integration. Hybrids 
are used now and wafer-scale research is just getting under­
way in 1978. It would achieve much'higher densities by 
not dicing up the wafer into chips but having the chip inter­
connect on the wafer. Then with programmability/selection 
around bad chips, the overall yield would be increased 
significantly. 

3. 	 The last but very important distinction that is not treated here 
but needs investigation is the deletion of No. 4ESS functions 
not necessary for this 1990 space application and the addition 
of specialized functions to this No. 4ESS baseline to meet the 
1990 space application requirements. Also, as studies such 
as this evolve, more requirements and services will be 
called for, which will have to be accomodated by the computer 
and equipment 

A preliminary design for the spaceborne switch-processor 

was performed within. The above discussed caveats. Table 3-26 shows 

the projected number of circuit/power packs in 1988 projected technology 

to implement the required Z30, 000 trunk ESS configuration. These estimates 
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are then used to determine the overall size and weight for spacecraft pay­

load equipment without chassis, mounting, or interconnects. Table 3-Z7 

presents the power consumption estimates for that same required ESS con­

figuration using todays No. 4ESS as a baseline from which to make 1988 

projections, and is seen to be 87. 1K watts compared to the 425 kW in the 

1978 design. If the size is estimated using the standard militarized ATIR 

Computer/Electronics package which is one cubic foot per 45 pounds without 

case and connectors, and the analysis assumes one pound per circuit pack 

(4 in, by 6 in. ) and four pounds per power pack (4 in. by IZ in. ), a weight 

of approximately 48, 000 lb results, and translates into approximately 

2, 000 ft 3 (10 by 10 by 20 ft) payload. This is clearly excessive and a 
repackaging was performed consistent with the other space hardwares of 

the late 1980's. 

A new concept for this packing was undertaken based on the 

wafer scale integration of the electronics. Based on the required 384, 344 

circuit packs, the ZZ, 736 power packs and a power consumption of 87 1 KW, 

an attempt was made at packaging the system in such a way as to minimize 

the weight. To do this the volume had to be reduced from the present 

280, 000 cubic foot facility to the evolved concept that occupies 560 ft3 , or a 

500 to 1 reduction in volume. 

It must be understood that the evolved design concept is 

limited by the amount of information and time that were available, and that 

if ever to be implemented, the concept would require a considerable amount 

of development work on materials, processes, and parts. It should also 

be understood that this presentation is oversimplified and that many special 

required functions would probably not be translatable into the proposed for­

mat. It is however, a reasonable concept from which to start, and does 

reflect a technology that is attainable within the next 10 years. 

The concept is described with reference to the figures. A 

large scale integration (LSI) wafer representing a single circuit pack 
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(4 in. by 6 in. hybrid printed circuit board) is shown in Figure 3-41. 

The LSI would be preprobed for good circuits and then interconnected with 

a conventional multilayer-glassivation network. The wafer would contain 

a large number of space circuits that could be switched in after the built-in 

testing isolates a failure. A ceramic toroidal spacer will be associated 

with each LSI. Both the LSI and the. spacer will have a coin edge (straight 

knurl) with teeth on 0. 005-in. centers. These will be used for future inter­

connecting (628 per wafer). 

Two hundred forty wafers and their associated spacers are 

stacked into a rod (1 in. dia by 6 in. long), as shown in Figure 3-42. The 

entire assembly is glass bonded into a single hermetically sealed rod. The 

rod is then plated with copper along the entire cylinder wall. By taking a 

grinding cut on the cylinder diameter, the teeth of the knurl will be removed 

leaving 6Z8 parallel axial lines interconnecting all of the Z40 wafers. With 

a computer-programmed laser trimmer, each of the interconnecting lines 

can be segmented to the required interconnection pattern. There are 

1600 rods required. 

A power converter module is added to each interconnected 

rod (this might be better done when first building the rod), as shown in 

Figure 3-43. A special connector-header is wired and hermetically attached 

to each rod. The connector, like the rod, will have 628 contacts. A mating 

connector with three flat flexible cables permanently attached and hermetically 

sealed will provide the next interface. The mating connectors are also to 

be "hermetically" (gasket) engaged. The rod assembly with its attached 

power converter and connector header are coated with parylene. 
A heat pipe (various lengths) made of 1/8-in. magnesium 

with a highly reflective exterior is provided for every 16 rods, as shown in 
Figure 3-44. The heat pipe is 12 in. in diameter and contains a center 

"junction box" connector from which the 16 flexible cable assemblies emerge. 

The connector, which is located in the center of the heat pipe, is attached to 

a structural spider that will also be used to fasteh the 16 rods into the pipe. 
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Figure 3-42. Two Hundred Forty Wafer Assemblies 
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Figure 3-43. Cable Interconnect Assembly 

PI01-

CONNECTORS 100 

HEAT P I PE 

ELECTRICAL INTERCONNECT CORE
100 REQU IRED 

Figure 3-44. Heat Exchanger 
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The 16 rods, when tied into the heat pipe, will all be located 

in the bottom 6 in., circumferencially, as shown in Figure 3-45. The 16 

radial flexible cables are connected to their respective rod connectors and 

the assembly is given a functional test, as shown in Figure 3-46. Each heat 

pipe (shown in Figure 3-47) is charged with its heat transfer liquid. Dif­

ferent boiling point liquids may be used to compensate for differences in 

generated heat. The center junction box connector (approx. 4 in. dia) 

extends through the bottom cover for subsequent interconnections. Ninety 

six such heat pipes are required, each dissipating approximately 800 W. 

By varying the lengths of the heat pipes, a conical structure 

is produced (shown in Figure 3-48). The cone is 8 ft. high and has a base 

diameter of 14 ft. Since the cone assembly will be done in space, the 

pipes are sequencially assembled, starting with the inner (longest) pipes. 

Light strapping is used to tie the pipes to each other in rings and to tie the 

concentric rings to each other. Four bolts should be enough for each pipe. 

The individual pipes are readily replaceable in space, but the replacement 

of a rod would probably be better done at depot or factory level. 

Three hundred eighty eight double (folded) printed circuit 

cards, each single card measuring IZ in. by IZ in. will be required to 

accommodate the Z2, 736 power packs. These cards will form radial fins at 

the base of the heat pipe cone, at spacings of 1. 4 in. at the 14-ft dia and 

1. 55 in. at the major diameter. They are shown in Figure 3-49. For 

each two-card assembly there will be one connector that will be inter­

connected to the power source and to the respective heat pipe center con­

nectors. 

The weight estimates based on the described concept and 

the baseline assumptions are shown in Table 3-Z9. 

This first cut at a packaging concept is a starting point. The 

conceptual effort was many orders of magnitude easier to evolve than will 

be its implementation. Several other approaches to this packaging problem 

should be developed and compared to each other and to this approach, 
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Figure 3-47. Heat Exchanger Pipe Assembly 
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Figure 3-48. Digital System Assembly 
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DIGITAL 
ASSEMBLY IN 
HEAT PIPE 

/ CONTAINERSPOWER 

CONDITIONING 
 DESIGN 
ASSEMBLY - Scaled No. 4 ESS 

- 1987 Projected Technology 
RADIATORS - Uses Wafer-Scale Integration 

- Integral Thermal Control System 
- All Modular Space - Plug-in Assemblies 

FUNCTIONS PERFORMED 
- 230,000 x230,000 Voice Line 

Exchange Switching 
- Master Processor for Order Wires and 

System Discipline 
- Controller for Switch 
- System Health Monitor 
- User Charge Processor 

CHARACTER ISTI CS 

- Weight = 8000 lb 
- Size - 15-ft Dia x8-ft High 
- Power = 50kW 

Figure 3-49. Complete Processor - Switch 

Table 3-29. Weight Estimates for Satellite Switch 

PERSONAL COMMUNICATIONS 
1990
 
230, 000 TRUNKS 
NONBLOCKING
 
REMOTE DYNAMIC RECONFIGURATION 

1600 SILICONE RODS 6 in. LONG X 1114 in. dia 950 lb 
(SILI CONE 0.08 lb/cu in.) 

96 HEAT PIPES & COVERS AV LENGTH 4.3 ft, 12 in. dia 1,532 
1/8 SKIN, MAG. (0.065 lb/cu in.) 

1600 ROD CONNECTORS @0.5 800 

96 HEAT PIPE CONNECTORS ASSEMBLIES @41b 384 

1.2X 106 ft #30WIRE 360 

STRUCTURE TIES, RINGS (2)& BOLTS 400 

LIQUID INHEAT PIPES 10%OF VOLUME @50 lb/cu ft 1,610 

388 POWER PACK CONNECTORS PAIRS @0.5 LB 194 

388 DOUBLE POWER PACK CARDS 1,726 
CARDS 174 Ib,PARTS 1552 lb OI'GI-

TOTAL 7,956 lb OF F.'Uo 
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however, the preceding analyses and designs hav6 demonstrated that a 

switch of approximately the right weight and size can probably be built in 

the time period with novel packaging techniques, lots of time, devotion, 

and probably healthy amounts of R&D funds. 

3. 2. 5.4 Propulsion 

A simplified analysis was made of the attitude control system 

needs as well as of the propulsion needs to transfer the satellite from low 

to geostationary orbit. A design concept of assembly in low altitude orbit 

was selected because the satellite is so complex that it was felt that the 

presence of man in the space shuttle for its assembly and checkout was 

desirable, if not indispensable. Then followed an analysis of the major 

options for orbit transfer of the assembled satellite to its final destination. 

A comparison study was made of four types of transfer techniques utilizing 

different orbit transfer vehicles. Analysis was performed for the initial 

estimate of what the total satellite would weigh, namely Z5, 000 lb. The 

summary data are shown in Table 3-30. In this table it is seen that use of 

the Iug or a new low thrust chemically fueled OTV is approximately four 

times heavier and probably more costlier than use of solar electric pro­

pulsion. It was recognized that a large power source would be required for 

the solar electric system, however, that similar power would be required 

for the operation of the satellite itself once it reached destination. Since 

the power is not needed by the payload during transfer orbit it could be made 

available to power the electric propuslation thrusters. The analysis on 

on Table 3-30 indicates that an electric propulsion system utilizing either 

the current SEPS ion thrusters operated at an ISP of 3000, or a smaller 

number of the same thrusters operated at higher power in attaining an ISP 

of 9000 are the most attractive. In either case the large number of thrusters 

would ensure a reliability factor compatible with the value of the, spacecraft 

and ensure that the satellite would reach synchronous altitude even if one 

or two thrusters gave out. An additional option would be to develop a new 
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Table 3-30. Orbit Transfer Options - 25, 000 lb Platform 

POWER No. TRANSFER STAGE MASS TOTAL MASS- TOTAL MASS 
OW DESCRIPTIONOTVDECRPTONINUT(N)INPUT THRUST OF Isp WET (kg) INCL(sec) TIME (kg) 

(kW) THRUSTERS (days) (kg) PWR+STAGE PAYLOAD 

DUAL LOW THRUST
 
CRYOGENIC 9 k 2 444 0.3 50,000 50,000 60,000
 
AV =4500 ml s
 
0.I gMAX ACCELERATION 

DUAL 	 PUMP FED STORABLE
 
AV =4800 mIs - 3 1 k' 2 320 0.3 58,000 58,000 68,000
 
0.05 g MAX ACCELERATION 

SOLARI ELECTRIC 
HI-POWER 30 cm THRUSTERS 100 2.2 40 3000 340 2300 8,300 18,300 
MERCURY PROPELLANT 
'V 6000 ml s 

MULTIPLE IUS 
Equivalent 4.25, 285 k/ 5 290 0.2 72,000 72,000 82,000 

2-Stage IUS's 110 k 
2.9g MAXIMUM 

chemically fueled OTV with high thrust, and probably hydrogen oxygen 

fueled. The disadvantage of such a OTV is similar to that of the use of the 

IUS, which is that a fairly high acceleration is reached during transfer. 

In the case of the IUS this peaks at 2. 3Gs, which is really excessive the 

density of the deployable antenna design of Section 3. Z. 5. 1, which can 

probably not withstand an acceleration exceeding 0. 1 G without incurring 

serious weight penalties. 

The calculations that resulted in Table 3-30 were performed 

for an initial estimate of a 25, 000-lb platform. Some of those calculations 

were repeated for the case of a 50, 000-lb platform, which is closer to the 

final vehicle weight. These calculations are shown in Table 3-31, from 

which it is seen that the conclusions are the same - namely, that a solar 

electric orbit transfer system is by far the most efficient, particularly sincej 

the power system can power the satellite on-orbit after orbit transfer 
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Table 3-31. 	 Comparison of Transfer Propulsion Systems 
for Personal Communications Initiative 

iIIRUT SYTEM OTAL STAGE PLUS 
POWEREMYSTET
PROPELLANTTHRUST 	 SYSTEM 5POWER THRUST NO OF 	 eC lN WEIGHT WEIGHT

PRPUSONSSTM INPUT, kW LEVEL, Ib THRUSTERS PRTIMEP LS ISP WEIGHTWEIGHT I RY lb IbEIGH, 
DASDRY, lb lb WEIGHT, lb 

CURRENT 30 cm Hz ION 212 2.56 80 154 3000 11350 1770(1) 13120 28960
 
THRUSTER -AV =19730 ftsec
 
HI POWER 30 cm Hz ION 21t 1.09 13 337 9000 3520 375(2) 3895 19735
 
THRUSTER, AV = 19730
 

198 (3 )ADVANCED 60 cm ARGON ION 200 0 96 1 382 8770 3620 3818 19658
 
THRUSTER, AV =19730
 

870 (4 )ADVANCED HI CURRENT 30 cm Hz 210 3 21 20 123 3000 11350 12222 28062
 
ION THRUSTER, AV =19730
 

TWO-STAGE LOW THRUST 
CHEMICAL*, AV = 14,900+
 

STAGE 1 -16000 1 64 mm 313 193772 34196 227970 -


STAGE 2 - 6000 1 51 mm 300 63222 11156 74380 -


TOTAL 256994 45352 302350 313438 

50,000 IbVEHICLE WEIGHT, FINAL 
+ Ist STAGE AV = 8050, 2nd STAGE AV 6850 (INCLUDES LOW THRUST LOSSES) 
o WAX ACCELERATION =O Ig 
(1) 1200 lb THRUSTERS, 	 570 lb TANKAGE AND LINES 
(2) 195 ]b THRUSTERS, 180 libTANKAGE AND LINES 
(3) 18IbTHRUSTERS, 180 IbTANKAGE AND LINES 
(4) 300 IbTHRUSTERS, 510 lb TANKAGE AND LINES 
(5) POWER SYSTEM @33 W/kg 

An additional 	analysis was made of the possibility of dual use 

of the ion thrusters used for orbit transfer as the attitude control thrusters 

in three axis 	and translation control along three axes, once a satellite reaches 

orbit.' The analysis showed that the 30-cm ion thrusters were entirely ade­

quate when gimballed to the proper directions after reaching orbit. They can 

maintain stability as well as offset gravity gradient, tidal, and solar pressure 

forces for stationkeeping and attitude control. It was thus decided that the 

most efficient design was one in which the ion thrusters and the power system 

provided dual duty as discussed above. This, then, represents the baseline 

configuration 	for the baseline design. 

3.2. 5.5 Power Subsystem 

The power subsystem for the Personal Communications Satellite 

requires Zi0 	kW at the end of life (EOL) in synchronous altitude. This require­

ment stems from the total budget that is shown in Table 3-32. From this table 

it is seen that the transmitters require 114 kW of power during the peak periods. 

This power demand results from the operation of all 230, 000 voice channels 
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Table 3-3Z. Power Budget - Personal Communications 

TRANSMIITERS 102 kW, 

SWITCHIPROCESSOR 79 kW 

ATTITUDEITRANSLATION THRUSTERS 9 kW 

MISCELLANEOUS 1kW 

REQUIRED TOTAL INGEO (EOL) 191 kW 

REQUIRED TOTAL INGEO (BOL) 212 kW 

REQUIRED TOTAL INLEO 273 kW 

230, 000 channels at 0 5 W/channel, 0 4 efficiency,
0 4 averagelpeak factor due to voice activity, 95% channel 
loading 

At 95% channel loading 

transmitting at i/Z W per channel, with a factor of 0.4 to account for the 

average-to-peak power ratios typically encountered in voice transmission 

and another factor of 0.4 for the DC/RF efficiency of the solid-state trans­

mitters. The switch and processor draws 87 kW as determined in the analy­

sis of Section 3.2. 5. 3. Since at most 95 percent of the channels are in use 

at any one time and the transmitters and processor draw roughly equal power, 

a 10-percent reduction in the required power would be possible. However, 

this 10 percent will be used to accommodate the expected degradation of the 

array in 5 to 10 yr on-orbit, thus resulting in power needs appropriate for 

the beginning of life (BOL) Another 9 kW is budgeted for the ion thrusters 

utilized in on-orbit attitude and translation control. A miscellaneous I­

kilowatt is added to account for conditioning and other inefficiencies in the 

system. The total requirement is thus for 191 kW (EOL) or Zi2 kW (BOL) 

in geostationary orbit. The total required at the beginning of life in low earth 

orbit is greater to account for the degradation to be expected during the long 

passage through the radiation belts and on-orbit operationin geostationary 

altitude. The total degradation is estimated to be 33 percent and thus a 

beginning of life power in low altitude orbit of 272 kW is used as the require­

ment for the power system. 
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A solar cell/battery system was chosen without any trade 

studies simply because the power level required appeared reasonable for 

solar cell power supplies in the time period; solar arrays are a well-developed 

and understood art; the size of such a system appeared to be in keeping with 

the size of the satellite; and because the technology improvements currently 

being developed could be readily projected to the time period to form a prac­

tical solar cell system. Using estimates for the technology available in the 

1985-87 time period, a design similar to that for the Grumman Space 

Construction Base power subsystem study was adopted with a total efficiency 

of 33 W/kg. For such a system a total array size required is 40 by 40 

meters, in each of two paddles. These would have to be one-axis gimballed 

and sun oriented, and require a lightweight support structure to be either 

space-fabricated or space deployable. The total weight of the space power 

subsystem is 8548 kg or 18,800 ib, as derived in Table 3-33. In this table 

the rest of the assumptions are also included and the conclusion is reached 

that a solar cell battery system is practical for the satellite for this time 

period. 

Table 3-33. Power Subsystem for Personal Communications 

* POWER 273-kW OUTPUT @BOL INLEO- 210 kW IN GEO 

@ LIFE 10 YR PRIOR TO REFURBISHMENT 
* SOLARIPHOTOVOLTAI CSELECTED 

- SIZE COMPATIBLE WITH SATELLITE DIMENSIONS 
- WELL DEVELOPED ART 
- TECHNOLOGY READILY PROJECTED 

* 1985-1987 TECHNOLOGY ESTIMATES USED 

0 DESIGN SIMILAR TO GRUMMAN SCB POWER SUBSYSTEM 

TOTAL ARRAY SIZE: 40 x40 m(x2)
I AXIS GIMBAL - SUN-ORIENTED 
SPACE FABRICATED SUPPORT STRUCTURE 
WEIGHT, kG 

, ARRAY (273 kW) 2400 
* DISTICOND (210kW) - 1227 
* BATTERY (210 kW) 2890 
o STRUCTURE (273 kW) - 2031 

8548 kG (18,800 Ib) 
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3.2.5.6 	 Design 

A preliminary design for the Personal Communications 

satellite was based on the previous analyses and definition of the subsystems. 

A further definition of the electronics packages was required in order to 

complete the design and was performed on the basis of individual weights, 

volumes, and power requirements of the components of the transponders. 

A breakout of the type, description, and number of the various components 

is shown in Table 3-34. The assumptions that underlie the per-unit volumes, 

weights, and power requirements are that all of the diplexer, receiver, 

demodulator, modulator, transmitter, frequency generator, and master 

oscillator units would consist of large scale or wafer-scale integrated 

chips, where applicable integrated on plated microstrip transmission wave­

guides. These are positioned strategically with respect to the feed horns 

to form space-servicable modular packages. A further assumption is 
4 

Table 3-34. Physical Descriptions - Personal Communications 
PERUNIT TOTAL 

ITEM on DESCRIPTION In Ib W P Ib 

ANTENNA I INCLUDESLENS SUPPORTS6M4HORNS - - 57 

OIPLEXERHYBRIO 6 93M INCLUDES604 DIPLEXERS,W46HYBRIDS 01 001 04 69 -

ANDSUBSTRATE 

RECEIVER 6,930 INCLUDESPRENNIP IXERJDOWNCONVERTER 02 
IFNIDO A PLIFIER,ANDSUBSTRATE 

002 0.0 0 8 I3 0 7 

DEMODULATOR M B0 QPSKDEAODULATOR10 BASEBANDMND 002 0 002 0.05 2.6 A0 I I 
STRUCTURE 

SWITCH& CONTROL I SWITCHES230 DU TRUNKSIN REAL-TIE, - - 560 0 C T 870 
VOICE-BANDWIOTHDATA.PROCESSES& 
CONTROLSSYSTEMAOPERATIONINCL 
STRUCIURE 

mODULATOR 230,000 QPSKMTDULATORSTOSUBCARRIERS- 004 0 04 0.01 53 920 2.3 
INCLUDESSUIER ANDSSB TRANSLATOR 
ANDSTRUCTURE 

TRANSMITTER 6,930 INCLUDESPOWERA PLIFIERANDFILTERS - - 35 0 OO07 ]250 
TOTAL AGOSUBSTRATE 

30 500 Watt LINEARMPLIFIER' INCLSTRUCTURE1.0000 300 600 17 0 90 I 0 

30 20O Wa LINEARMPLIFIER, INCLSTRUCTURE 40 0 100 2400 70 360 7Z 

I0 75 Wal LINEAR PLIFIER*INCLSTRUCTURE S00 1 3 90 O 4 6 20) 9 0 

200 M0WaItLINEARAIPLIFIER'. INCLSTRUCTURE 10.0 0 3 480 1 2 100 9 6 
° 

0700 20 Wat LINEARAIPLIFIER , INCLSTRUCTURE 30 0 1 24 0 3 0 1701 40 0 

I 20 UTWaltLINEARMUPLIFIERkINCL STRUCTURE 0 0 1 02.0 0 7 020 140 

450) 5waIOLINEARM PLIFIER'INCLSTRUCTURE 05 005 60 03 2 270 

FREQUENCY 
GENERATORS 

2 GENERATES2CWCARRIERSDISTRIBUTESTO 
13.860TRANSMITTERSANDRECEIVERS,INCa 

500 0 0 50 0 06 ITO 0 5 

CASE 

MASTEROSCILLATOR I GENERATES140 SUBCARRIERS,DISTRIBUTES 500 500 2500 0 3 50 0E 
DISTRIBUTIONUNIT TO4600M QPSKI MODSIDERDSINCLUDES 

STABLESOURCE INCLCASE 

GRANDTOTAL1 6050 17500 2160 

.A.rao powr co.puted on basIs ofAO voIceaIpI and 3 aaerW1e lM ffaclncy 
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made that the total number of beams needed (6930) would be formed from 

the 6084 feed horns by hybrid combiners to form beams for the urban areas, 

the combinatorial technique being shown by example in Figure 3-50. 

All of the other components' were weighed including the weight 

of their substrate in a design that avoided separate ATR boxes for every 

major subsystem or component group in order to save weight. There are 

thus 6930 major electronic assemblies, each associated with a feed horn 

or a combinatorial assembly of four feed horns. The output of each of the 

electronic assemblies is. a cable containing up to 700 voice channel wires 

together, whicA form the input to the switch processor. Each of these 

electronic packages was estimated to occupy a maximum volume of 18 in. 

long x 1-1/2 in. diameter, and to include a receiver, a transmitter, andup 

to 700 modulators and demodulators, the exact number varying for each 

beam. These packages are shown as the cylinders coupled to the backs 

PRINTID X D o, 2 

R R 

-4 D4 D5 

5xXX4 

UPCOCRRIE
 

7I 9012D8 

Figure Det5l of
3-0 ~R 
6alneDsg
 

Techiques
KEY RLS 
FEEDHORN I-D DIPLEXER 

[ TRACNSMITTER, FH]MODULATOR. HYBRID0RR
R-1 

RECEIVER, [7 BEUMPREAMP, CITY

El DOWNCONVERTER q 

Figure 3-50. Details of Focal Plane De sign 
(LSI Techniques) 
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of the feed horns shown in Figure 3-51. The basic module size for space 

assembly and servicing was designed as a package of 91 horns and their 

associated electronics. The package was designed as a plug-in unit access­

ible from the front of the support structure. 

All of the electronics would be connected through a series 

of contacts contained on a contact ring. The horn assembly, whose outline 

is a 57. 7-in. hexagon shown in Figure 3-51, would be plugged in using a 

teleoperator or EVA technique to a latch structure, and a drive-motor would 

then rotate the contact assembly ring to make a wiping contact with the con­

nectors to complete the circuits, there being an average of 300 contacts per 

ring. Thus high contact forces are avoided in the process assembling or 

servicing the module elements. 

Should any of the electronics- require servicing or replace­

ment during life, the module package of 91 horns and electronics would have 

-- 67.0

F1i511 
F NGNR -I 

AC N - " -CONTACT RINGS . '-91-HORNS 

CONTACT RINGS
 

ISEPARATION 	 SEC B-B
 

PLANESEAR
40.0 


16.5 

DRIVE MOTOR 

SE-A STRUCTURE DETAIL CONTACT RINGS
HORN MODULE PLATFORM 

Figure 3-51. 	 Feed Horn Module - Personal Communications 
Satellite 
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to be exchanged. A certain amount of redundancy would probably be built 

into the electronics package itself to assure continued operation until a 

replacement flight becare economically practical. The servicing concept 

for this satellite assumed one servicing flight every year to synchronous 

altitude. 

The maximum power output of any one, set of transmitters for 

any horn is given by the maximum number of channels per beam, which is 

about 700. .HoweVer, the average thermal output for an assembly of horns is 

given by the average number of channels per beam times the number of beams. 

This is 33 channels per beam and since the thermal output of a transmitter 

is I-l/Z W, a total dissipation capability of an average of 50 W per beam or 

per horn is required. A simple analysis showed that this heat could be 

radiated by the horns themselves, thus removing the necessity of providing 

a separate radiator and thermal path for cooling the transmitters. The 

packaging of all of the components is illustrated in Figure 3-52. In this 

34.0 ft 
14.4 t - -(6,097 horns) 

4-MODULES 
= 


-, (4x91 364 horns) 

7-MODULES - HORN MODULES PACKAGED 
(7x91 = 637 horns) FOR LAUNCH 

-39.3 fIt DIA- SOLAR ARRAY 

D SUPPORT 

STRUCTURE '-L--FOLD LINES 
CONTAINER 

39.3ftf 

T2Of 
FOLDED-j
10oof- -10.o0 I 

PLATFORM STRUCTURE 

Figure 3-52. 	 Component Packaging Personal Communications 
Satellite 
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In this figure the main support assembly is shown as a 39. 3 ft dia disc, 

which is folded for carrying in the space shuttle payload bay. The structure 

contains a member extending through it for carrying the loads for adapting0 

the solar arrays and supports to which will be attached the trusses for 

holding the lens of the antenna. 

The modules of horns and electronics each containing 91 horn 

and electronic pieces are shown in this figure to be assembled into clusters 

and tiers forming a package 14.4 ft in diameter and 34 ft long for carrying 

in the space shuttle. The modules would be removed one at a time upon 

reaching low altitude orbit and plugged into the support structure recei4'ing 

latches and ring assemblies of contacts. 

The main lens assembly is deployed from a compact stowed 

article by a technique identical to the one proposed by Grumman and illus­

trated in Figure 3-53. The gores in the picture refer to the panels of the 

lens structure that include the three films: the ground plane, the input plane, 

and output plane, which contain all of the antenna elements and commandable 

time delay shifters required for system operation. The deployment is 

STOWED 	 DRUM ROTATION 
DURING DEPLOYMENT 

RIM HINEUPPER STAY 

GORE 

UNWINDING
* DEPLOYMENT ENERGY SUPPLIED 
FROM DRUM

BY SPRINGS AT RIM HINGES' 

* DEPLOYMENTCONTROLLED BY 
....
 

REGULATING PAYOUT RATE OF STAYS 
LOWER/ 

STAY 

PARTIAL DEPLOYMENT 

Figure 3-53. Wire Wheel Schematic- Deployment 
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powered by spring energy at the hinges of the rim compression structure and 
is stabilized by support wires. The entire satellite is shown in a scale 

drawing in Figure 3-54. In this figure it is seen that the main electronic 
support structure is connected to the lens assembly by three extendable 

truss structures of the Astromast'variety. An alternate structural technique 
would be to use space-fabricated beams. No position is taken at this point 
as to which is prefereable but the design baseline assumed a wholly extend­

able and deployable satellite device. The extendable trusses are attached 
to the platform support structure at points removed from the horn clusters 
in order to avoid the generation of intermodulation products as discussed in 
Section, 3. Z. 5. Z. The solar arrays are attached to the main truss by extend­
able struss structures and are in themselves extendable and modular. They 
are extended from the central electronics support structure in order to 

avoid the blockage that would occur otherwise by the lens structure itself 
at some angles approaching, but short of, actual eclipse by the Earth. The 
back of the main support structure holds the power, electronics, and guid­
ance equipment including the digital switch/processor assembly as shown 

EXTENDABLE 2[ONENGINE0.ft 
TRUSS INEGNSTRUCTURE CUTR-i PWR 

HORN ELECTRONICS,CLUSTER 
 I AND GUIDANCE EQUIPMENT 

FORWARD EXTENDIBLE5§STAYS AFTSTAYS. TRUSS GUIDE LINE L4 

SUN SENSORS jBOOLAESTRUCTURESOOTLACE
 

LENS 426 It-__ GUIDE LINES
 

K17 ftft---

Figure 3-54. Personal Communications Satellite 
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in Figure 3-54, whereas the front of the structure holds the horn structures 

faciag the lens assembly. The scale of the satellite can best be appreciated 

by the oblique drawing of Figure 3-55 in which the space shuttle is shown in 

scale performing adjustment operations. In this figure the mirror image 

of the USA is apparent in the horn cluster assembly. 

The total weight of the satellite is 54, 100 lb or 24, 600 kg. 

The weight breakdown is shown in Table 3-35. Approximately one-third of 

the satellite weight is the electrical power system with the antenna and 

electronics accounting for another third. A large contingency is included to 

account for the large uncertainties of this very complicated satellite, keep­

ing in mind that this design is very preliminary and will undoubtedly change 

with more design attention. 

The packaging of all of the components of the satellite is 

illustrated in Figure 3-56 in which it is seen that three orbiter flights are 

probably required to take all the components into low-altitude orbit. It 

may well be possible to perform this with two flights upon more careful 

packaging consideration, since the entire satellite weight could be borne 

Figure 3-55. Personal Communications Satellite 
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Table 3-35. 	 Weight Summary Personal Communications 
Satellite 

ITEM WEIGHT - POUNDS
 
STRUCTURE 5725
AND THERMAL CONTROL 

ATTITUDE CONTROL 35
(Excludes Reaction Control System) 

ELECTRICAL POWER 18,8b0
AND DISTRIBUTION 

Arrays (273 kW) 5,280

Array Structure (Including Orientation and Deployment Mech) 4 470
 
Distrbution and Conditioning 210 IW B0 t 2,700
 
Batteries} 6.350
 

ANTENNA 5.565
 
FeedHorn Assembly 2 450
 
Lens Assembly 1,765
 
Support Struts 1,290
 
Guide Lines 60
 

COMPUTER 	 7 955(Including Heat Pipes) 
ELECTRONICS 3.815
 

DiplexerlNybrids 70

Receivers 149 AL PAGfX 
Demodulators 460 ORIGINAL 
Modulators 920 
Transmitters 2,075 j)F PO0P- '1 

Frequency Generators 100 
Mpster Oscillator and Distribution Unit 	 50 

PROPULSION AND REACTION CONTROL 	 4,610 

Propulsion and Reaction Control System (dry) 440
 
Propellants 4,170
 

WIRING 575
 
CONTINGENCY (20 PERCENT) 7 020
 

SATELLITE GROSS WEIGHT 	 54100 

POWER] DIGITAL - PLATFORM 
ASSEMBLY STRUCTURE 

CONTACT
 
HORN RINGS (67+1)
 
MODULES­
(6,097)
 

FLIGHT 1 	 FLIGHT 2 

SOLAR 	 DEPLOYABLE
ARRAYS (4) 	 ANTENNA LENS 

FLIGHT 3 

Figure 3-56. 	 Orbiter Flights for Personal
 
Communications Initiative
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by a single orbital flight and very little thought was given to optimum 

packaging. Furthermore, in the development plan that will be discussed 

in Section 3. 3, it is assumed that the final antenna (only a small percentage 

of the electronics and power) will be deployed in the first flight, with a 

follow-on flight or flights being required to bring all the rest of the assembly 

of the computer, the horn modules, and the solar arrays. This entire 

question of optimum flight packaging then requires further thought and 

design, however, three flights will be used for the purposes of this design 

study. 

3. 	2. 6 Ground Segment Definition 

The ground segment of the satellite system consists of the 

user sets - namely the wrist radio-telephone instruments and a ground sta­

tion required to operate, command, and read-out information from the 

satellite. 

3.2. 6. 1 	 User Radio-Telephones 

In the concept definition the link calculations performed in 

Section 3. 2. Z showed that variable slope delta modulation was assumed for 

the information stream, an ormidirectional user antenna was assumed, a 

frequency close to 5 GHz was chosen in which to operate, a transmitter 

output level of 250 mW was selected, and a 30-Hz bandwidth order wire 

channel was configured for command to and from the user set. In this 

section the user set will be further defined and some of those numbers 

substantiated. One of the major factors determining the allowable power 

level was consideration of safety. 

Since the personal radio will be held close to the face when 

the set is transmitting, the potential of electromagnetic radiation damage 

must be evaluated. The radiation limit is 10 mW/cm in the USA. This 

level sets the maximum allowable transmitter power. The radiating ele­

ment is assumed to be an omni antenna. The effective area of an ornni is 

Xz/4w, and with 50 percent efficiency the physical area is Z 2/4r. This 

3-112
 



configuration is the radiation equivalent to a point source at a distance of 

R from the surface of the antenna. The area of a sphere of radius Re,
e 2 2 

4r iR , must be equal to that of the antenna, i. e., 4iR Z = ZX /4n. Then 
e e 

Re is 0. 1125). The radiation incident upon a surface R. cm from the antenna 

is then (from Table 3-36) 

A
 
Pt 

+ Re 
z 

4r (. 

Since the operation is half duplex, the average transmitter power will be 

half of the transmission power P and the radiation level is 

A A 
Pt Pt
 

z
8r (R + X) (R + o. 1125X) 

Table 3-36. Incident Power 

EFFECTIVE AREA OF AN OMNI ANTENNA =X214r 

=
PHYSICAL AREA 2X14"r 

RADIATION EQUIVALENT IS A POINT SOURCE RADIATOR AT A DISTANCE Re
 

2
4rRe2 2X
4vR
 
e 	 4r
 

Re 	 =0 1125X
 

=4.22 cm AT 0.8 GHz
 

=0.6752 cm AT 56Hz
 
=0.241 cm AT 14 6Hz
 

A 

PT
T
INCIDENT POWER : 

4IR + Re?) 8r(R + Re)2
 

R DISTANCE FROM ANTENNA TO POINT OF INTEREST 
A 	 -

PT 2PT (Two Way Push to Talk Link) 
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The radiation level increases with frequency, and the level as a function 

of distance is given for three -frequencies, 800 MHz, 5 GHz, and 14 Gflz 

in Figures 3-57, 3-58, and 3-59. For a transmitter power of 250 mW, the 

radiation level is below the stated limit even for operation at 14 GHz at 

a distance of 1 cm. 

It is seen further, by reference to Figure 3-58 that at 5 GHz 

the radiation from a Z0-mW transmitter is in order ot magnitude less 

than that allowed by the U. S. Standard and more in conformance with the 

Russian standard at a distance of 2-1/2 cm (or I in. ) from the transmitter; 

thus it is concluded that safety is not a problem even when long-term 

operation of a wrist-mounted set is assumed, at least at the frequencies and 

powers contemplated. 

10 

rRc2 I cmcm 

1.0 3cm 
5 /cm 

10 cm 

0.11 
10 100 200 1000 2000 

A A~'mW 

Figure 3-57. 	 Electromagnetic Radiation Incident Power 
Density as a Function of Distance at a 
Frequency of 800 MHz 
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10 100 	 1000 10,000 
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P mW 

Figure 3-58. 	 Electromagnetic Radiation Incident Power 
Density as a Function of Distance at a 
Frequency of 5 GHz 

The next item 	concerns the need for sizing the battery to 

determine whether indeed a package can be built having the required small 

size and yet have enough capacity to support the required number of trans­

missions per day. 

It is assumed that the user would keep his receiver on alert 

for 16 hr per day, allowing 8 hr for recharging the battery. It is also 

assumed that the traffic during the busy hour is 10 percent of the daily 

traffic, for an average use of 5 1-min calls per day. With push to talk 
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Figure 3-59. 	 Electromagnetic Radiation Incident Power 
Density as a Function of Distance at a 
Frequency of 14 GHZ 

operation, the transmitter would be on Z. 5 min per day, as shown in 

Table 3-37, assuming a receiver idle drain of 100 jiA by analogy with the 

HPOl wrist computer gives a required battery capacity of Z mW hr. For 

a transmitter power of 0. 25 W, and an efficiency of 25 percent, the battery 

capacity required is 83. 3 mW hr per day. AgCd or AgZn batteries appear 

to have satisfactory characteristics for this use. From Table 3-37 it is 

seen that a typical battery such as silver zinc would only be a 0. 2-in. cube 

even assuming a very conservative 50 percent depth of discharge for the 

battery. It is thus concluded that the battery is practical for five (5) one­

min contacts per day. It is also clear, however, that the battery is the 
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Table 3-37. Battery 

ASSUMPTIONS 

OPERATING PERIOD - 16 HRIDAY 
AVERAGE USE - 5- 1-MIN CALLS/DAY 
TRANSMITTER ON - 2.5 MINIDAY (PUSH TO TALK OPERATION) 
RECEIVER ON ALERT - 16 HRIDAY 

RECEIVER
 

100 PA IDLE 
2mW hr CAPACITY FOR ONE DAY
 

TRANSMITIER
 

POWER 114 W 
PRIME POWER 1W 
CAPACITY 2W X '-HRIDAY - 83 3 mW HRIDAY 

TOTAL REQUIREMENTS =. 085 W-HRIDAY 

TYPE WTOZ/W-HR VOL CU IN./W-HR
Nid 3 5 0.15 
AgCd 0.96 0 05
 
AgZn 1.04 0 055
 

TYPICAL
 

FOR AgZn, ASSUMING 50% DEPTH OF DISCHARGE, =0.18 0Z;
 
0.009 CU IN. (02 IN.CUBE) 

limiting factor for a wrist-sized package in terms of a larger number of 

calls or call minutes per day or a larger output power or both. 

The next item that was analyzed is the matter of channel 

loading to determine the feasibility of time-shared operation among a large 

number of users per channel. This analysis was referred to in the discussion 

X of Section 3. 2.4, User Access and Operation. In this analysis, Figures 

3-60 and 3-61, are used to determine the number of channels. The total 

traffic load impressed on the satellite in NXt erlangs, where N is the 

number of users, X is the average call rate per user, or calls per user in 

the busy hour, and t is the average call duration in hours. The value of 

assumed here is I/Z call per busy hour, with a call duration of 1 min or 

1/60 hr, for a demand of 0. 00833 erlangs. If p is defined as the ratio of 

call arrival rate to call service rate, then for N user and M channels (see 

Figure 3-60) p = NXt/M, and M = NXt/p. 
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X = AVERAGE CALL RATE PER USER 
T AVERAGE CALL TIME 

100- M NXTP 

P 

T/ 

10 
9XT0.0166, 

S' p 0.9 XT = 0.00873 
0. dB / P =0.6 XT = 0 00833 

10 100 1000 10,000 
NUMBER OF USERS, N 

Figure 3-60. Required Number of Channels 

Obviously p should be as large as possible to minimize the 

number of channels, but must be less than 1. Figure 3-61 shows that as 

p approaches 1, the length of the queue becomes unbounded, and also that 

as M increases, p may be made to approach closer to 1. The value of 

selected was 0. 9 so that i = 0. 0092N. Applying this relation to the beam 

and user data provided indicates that 108 users can share a channel during 

the peak of the busy hour with a lower loading required at all other times. 

With a queue length of only three or four even during the busiest time of the 

day. The resultant capacity of the system is summarized in Table 3-38 

in which the required number of channels is determined to be about one 

percent of the total population in the number of users per beam and 
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Figure 3-61. Queue Length versus p and M 

channels per beam derived, utilizing the 108 users sharing a channel 

derived in this section. 

The last topic to be treated in defining the user set is to 

determine the operation of the system in view of the expected attenuation 

due to the body, nulls in the antenna pattern, and the presence of residential 

buildings. All of which will combine to increase the link attenuation in the 

worst case to the point where a link analysis carried out as in Section 3. 2. 2 

would result in hopelessly large powers for the voice bandwidth transmitters. 

Data on the attenuation to be expected from residential buildings was obtained 

from References 6 and 7 and is illustrated in Figure 3-62, from which it is 

seen that if a user is located inside his home or another building the expected 

attenuation is in the order of 10 dB or less, provided that the building is 
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Table 3-38. Coverage Capacity Summary 

NUMBER OF 
VOICE NUMBER OF NUMBER OF 

NUMBER OF NUMBER OF %OF 1990, CHANNELS USERS1 CHANNELS/ 
COVERAGE. BEAMS** USERS US POPULATION *ct BEAM BEAM 

URBAN AND 846 16.830,000 6.7 156.000 MAX 75. 000 MAX 694 
SUBURBAN AVG 19 900 AVG 175 

MIN 3.750 MIN 34.7 

RURAL 6084 8,414,000 3.3 75,00 MAX 7.050 MAX 65 

AVG 1.232 AVG 11 

MIN 60 MIN 1 

TOTAL 6930 25,244,000 9 3 230 000 

0Not including Hawaii and Alaska 

430 mile footprint 3 dB overlap 

-. 108 users share each channel 

20 
ALUMINUM-BACKED

INSULATION 

15 LOWEST DOWNLINK- p-HIGHEST UPLINK 

BRICK INSULAIED CEILINGS AND WALLS 

10­

5 
WOOD INSULATED CEILINGS ONLY 

1 2 3 4 5 6 
FREQUENCYOHz 

Figure 3-62. Attenuation in Residential Buildings 
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not totally shielded by aluminum-backed insulation in the ceiling or by a 

total sheetmetal construction or aluminum siding. It was therefore con­

cluded that the value of 10 dB would be used in considering extra attenuation 
for a link and that user contact would probably not be possible in the worst 

case with users inside totally shielded buildings. A second factor comes 

about the realization that a omnidirectional 'antenna pattern is almost 

impossible to achieve, and that in practice there will be nulls in the antenna 

pattern achieved by any practical system. These nulls may be fairly deep 

but on the average would not be expected to exceed 10 dB below isotropic. 

A third factor must come with the realization that the body is a lossy medium 

and that a wave passsing through different parts of the body will suffer vary­

ing attenuations. From measurement and studies performed (Refs 8 and 9) 

it was determined that the body attenuation would vary from zero, if a clear 
line of sight existed between the user set and the satellite, to as much as 

20 to 30 dB if heavy muscle were interposed in the line of sight and if dif­

fraction of the wave around the body was ignored. In the worst case then, 

the addition of the three previous factors combine to yield 40 to 50 dB of 

excess attenuation not accounted for in the link calculations performed 

previously. In the best case, however, with a clear line of sight outside 

of a building with the satellite not located along an antenna pattern null, 

at most a few dB of access attenuation might be expected. 

The conclusion was reached that in the latter case, a satis­
factory link would be closed due to the margin that exists in the link calcula­

tions. In the worst case, such closure is clearly impossible and so an' 

operating procedure was devised to get around the problem. Since the order 

wire link margin is almost 50 dB even in the worst case the satellite would 

be able to signal a buzzer in the wrist radio to indicate that a call was 

coming through. In other words, the excess margin available in the order 

wire over the voice channel would enable a link to be closed between the 

user and the satellite and vice-versa at all times. The outfitting of the 

user set with a digital read-out light, which is when the received signal 
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strength from the satellite beacon is satisfactory, would enable the user 

to determine whether his line of sight was free enough of attenuation to 

communicate with the satellite by voice. 

The implementation of such an order wire is very simple, 

requiring but tracking of a CW beacon by the satellite with a phase-locked 

loop in the user set. Such will be shown to be required anyway for 

setting the frequency of the local oscillator. Thus in operation a user who 

wished to transmit would first check his "link OK" light to determine 

whether his location and orientation was such that his voice transmitter 

could reach the satellite. Should this not be the case he would have to 

move out of the building, reorient his wrist, reorient his body, or all 

three until the light went on indicating that the excess loss was removed. 

This way a user system has been defined that does not have to incorporate 

enough power and antenna gain to operate inside shielded buildings, in 

spite of antenna pattern nulls, or through heavy attenuating layers of body 

tissue and yet is self-contained in a small package. 

This procedure has assumed the availability of an order wire 

channel with a 30-Hz bandwidth, allowing a 30-bit digital call to be received 

in 1 sec. This seems like a reasonable time in which a user can be alerted 

that a call is coming in for him, and yet is narrow enough that the link 

margin attained is so high as to enable signal reception from the satellite 
beacon in the worst case. 

The resultant block diagram of the user set is shown in 

Figure 3-63. It is seen to be a straight forward, half duplex transmitter/ 

receiver chain consisting of: an IfVPATT diode power amplifier with 

1/4-W output, an PET front end; low noise amplifier, a digital variable 

slope delta modulator and demodulator; a frequency synthesizer locked by 

a phase-locked loop to a beacon in the satellite that eliminates the drift 

of the local oscillator and enables narrow channels to be used; a microphone 

loudspeaker and display unit and an atenna. 
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Figure 3-63. Simplified User Set Block Diagram 

As mentioned previously the antenna could be a loop, a 

cavity-backed slot, a series of crossed dipoles, or any combination of the 

above for attaining essentially an omnidirectional pattern. If desired an 

extendable structure such as a coil spring helix could be built into the 

package to provide 10 dB more gain in very adverse locations, in which 

the user could grossly point his antenna to various portions of the sky until 

the signal light on his set was energized. This antenna would probably 

enable conversations from inside buildings with foil-lined insulation in the 

ceilings. 

It is envisioned that the microphone would be a built-in, 

small condenser microphone, and the entire package would be held up a 

few inches from the mouth in order to speak. The loudspeaker presents 

the sound isa different problem in that severe battery drain will occur if 

made loud enough to overcome ambient noise in noisy locations. A solution 
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is to incorporate a small earphone of the type normally supplied bytransistor 

radios for personal listening, with a cavity opening to the outside of the radio. 

The user upon being alerted by a beep signal (which would certainly be 

audible at arms' length) would bring his wrist into contact with his ear 

thereby simultaneously coupling the earphone to the ear channel and shading 

out ambient noise. Since the system is half duplex the wrist could be 

alternated between the ear and facing the mouth for conversation. While it 

is not claimed that this is the best solution, it certainly seems like a work­

able one. A mockup of the wrist-radio-telephone is shown in Figure 3-64 

and a more futuristic design that is being made by Bulova Watch Company 

for the new Star Trek movies is shown in Figure 3-65. 

F0
 
i ............. ...... ~ :.
 

Figure 3-64. Wrist Radio-Telephone 
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Figure 3-65. New Design Wrist Radio for Star Trek 

3.2.,6.2 Ground Control Station 

The ground control station will be needed in order to 

maintain a health status on the satellite, determine required servicing, 

command the satellite for switching and backup functions, overriding 

onboard computer functions, maintaining an ephemeris, commanding 

translation functions, and receiving telemetry from the satellite. The 

latter would contain user charge information based on user identifying 

codes and measured times of satellite usage that would be converted by 

the ground station into billing information, and sent to the customers' 

mailing address on a monthly basis. It is not envisioned that the ground 

system perform any operational functions involving reception, transmission, 

or switching of user signals as that will be performed wholly in the satellite 

by the onboard digital switch. 

The link carrying the user charge information is straight­

forward, requiring about 100 bits of information per use. Thus less than 

300, 000 bps suffice in the data link - a trivial design requiring only a 10-ft 

dia ground antenna and a 3-ft satellite antenna with a iO-W transmitter. 
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An alternate configuration of the entire system, in which the 

satellite acts as a bent pipe channeling all uplinks from the 230, 000 channels 

to the ground station for switching to the outgoing 230, 000 ground downlinks, 

is also possible, thereby eliminating the complicated, heavy, and power 

hungry switching processor in the satellite. However, such function alloca­

tion would require 4. 6 Gbits of bandwidth at about 46 GHz for both up and 

down transmission links to and from the ground station. Furthermore, the 

link required to send that data to and from the ground station is horrendous. 

Even assuming a 20-m ground station antenna and a 3-m satellite antenna, 

which is almost 1000 wave-lengths across (about the same size in wave­

lengths as the 67-m satellite antenna at 5 GHz), a MW of transmitter power 

would be required from both the ground and the satellite in order to close the 

link. This is clearly unreasonable; therefore the ground station has been 

configured leaving all the operational tasks to be performed in the satellite. 

3. 2. 7 Cost Estimates -- Personal Communications System 

The purpose of this section is to set forth cost estimates 

for the Personal Communications System satellite and to explain how they 

were derived. Historically, much cost estimating for satellites has been 

done on the basis of subsystem or total spacecraft weight information. 

However, during the past few years a cost-estimating model has been 

developed at the Aerospace Corporation that is based on components and 
major assemblies of satellites. The advantage of such a model is twofold -­

it provides a more accurate description of a given subsystem (as opposed 

to an amorphous subtotal weight) and it takes into consideration the develop­

mental status of each particular component. For example, if a transmitter, 

which had been developed previously, were to be used in a particular com­

munications subsystem design, the subsystem development (and production) 

cost estimate could be altered (reduced) to reflect such occurences. The 

disadvantage of such a model is that it cannot be applied to certain advanced 

concept satellites where insufficient information exists concerning the 

components that make up each subsystem. Accordingly, this study makes 
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use of the new cost model where possible and uses subsystem cost­

estimating relationships (derived from cost model estimates) in those 

cases where component information is lacking. 

The next section provides a brief description of the Space­

craft Cost Model (SCM) and contains examples of the application of the SCM 

to Personal Communications System demonstration satellites. A descrip­

tion is also given of how the SCM-derived subsystem estimating relation­

ships were developed and applied to the Personal Communications System 

satellite. A later section deals with other segments of total life-cycle cost 

such as on-orbLt maintenance, mission operations control, user ground 

equipment (wrist radios), and their maintenance. 

3.2. 7. 1 Spacecraft Cost Model 

As mentioned previously, over the past several years a cost 

model has been developed at The Aerospace Corporation that relies on 

component rather than subsystem-based inputs. Figure 3-66 contains a 

schematic comparison of the conventional (current) method, i. e. , building 

CURRENT CERs SCM 

PSPACECRAFT 

COST 

s sslYSUSYSTEM SUBSYSTEM SUBSYSTEM 
No. 1 No. 2 No. 3 

SUBSYSTEM SUBSYSTEM SUBSYSTEM "-
No. I No. 2 No. 3 

$I $ $ 
TP TP2 

ASSEMBLY
No. 1 

ASSEMBLY
No. 2 

ASSEMBLY
No. 3 

Figure 3-66. Cost Model Comparison 
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up spacecraft cost by applying cost-estimating relationships (CERs) to 

subsystem weights, versus the SCM procedure, which is based on applying 

CERs to each component (assembly) within a subsystem. The SCM provides 

for (1) a more thorough description of each subsystem, and (2) an appraisal 

of the developmental status of components within a satellite. Because of 

the subsystem descriptive detail required by the model, a better estimate 

of the effect of changes in reliability (through redundant components) can 

also be made. Technical performance characteristics can often be used 

in addition to or in lieu of weight as cost drivers for CERs; thus, certain 

cost estimates reflect performance directly rather than by using componet 

weight as a surrogate. 
The program operates on a CDC 7600 computer and requires 

as inputs the items listed in Table 3-39. The inputs of primary importance 

for each component are its quantity (per satellite) and a design, development, 

text, and engineering (DDT&E) factor. The DDT&E factor describes the 

status of development on the component in question. A factor of 1. 0 denotes 

that the component is new and, thus, will require complete design, develop­

ment, and testing including qualification. A factor close to 0. 0 announces 

that the component has previously been developed and that no modification 

or redesign is anticipated for its use in the satellite design. Values between 

0. 0 and 1. 0 signify that modifications or redesigns, and possibly requalifi­

cation, will be required; for example, a redesign including qualification 

testing would be associated with a DDT&E factor of approximately 0. 75. 

An example of the output of the SCM is provided in 

Table 3-40 where detailed cost and related technical information are 

provided for each component for each subsystem of the Personal Com­

munications System Concept Demonstration Satellite. Table 3-41 in­

cludes similar information concerning assemblies such as structure, 

thermal, solar array, and propellant feed system, which are not generally 

considered to be components. Cost information shown includes design 

engineering (D. E. ) and t-o+ -r -n..luation(R.. E. ) costs -- two elements 
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Table 3-39. Spacecraft Cost Model Inputs 

General Inputs 

* Satellite name 

* Quantity of flight and qual units 

* Year of constant $, e.g., 1977 

Subsystem Oriented Inputs 

* Type of configuration for each subsystem 

* Subsystem weights 

* Mission equipment weight and cost (throughput) 

* Orbital data, apogee 

Component Oriented Inputs 

* Quantity of each component 

* DDT&E factor for each component 

* Thrust of attitude control and translational thrusters 

* Wiring harness weight 

* Power control weight 

* Weight of power converters 

* Solar array area, weight, and BOL power 

* Battery system capacity 

that make up design and development cost. Also shown are production 

(vehicle production cost) and sustaining or production engineering (vehicle 

engineering cost) -- the two elements that make up unit production cost. 

Such cost information is augmented by the addition of system engineering 

and integration, program management, and quality control costs and is 

summarized by subsystems in Table 3-4Z. In addition, qualification 

satellites (if needed), GSE, launch site satellite checkout and support, 

and prime contractor fee are incorporated in the cost estimate and 

appropriate totals are provided. 
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Table 3-40. -Example of SCM Output 

NC3-1-18 PC DE"C
 

* * * ASSEMBLY DESCkIPTILNS 4* 4 

15TAnhL!ZATION A',' O0NT')L UNIT UNIT DOTE VEHICL= VEHICLE 
CENT TYPE 4C. 1IGHT P*0ER FACTCR D.E. COST T.E. COST PROD. CGT LEG. COST
3C3 REACTION WHEEL 2 5.1 .3 1.L 111435. 66611. 46538. 4452b.
16CI VALVE DRIVEP ASSY 3 1.6. 1.0 1.OC 67552. 72567. 54408. 47539.
1815 EART! SEESOP 2 15.4 15.b 1.0c 13C4769. 503376. 672052. 521367: 
22C3 CONTROL ELECTRNCS 3 7.1 62.0 1.00 1271747. 1058460. 715079. 194982. 

AEXILIARY PROPI'LSIJN UNIT UNIT BOTE 
 VEHICLe 
 VEHICLE
 
E TYPE V. WEIGHT POWcl FACTOR O.L. C07 T.t. COST PROD COST ENG. COST
 
I18TH lUSTER 18 .4 0.0 .10 142. 711 0. 109787. 116814.
834 THkIUSTER 8 .7 .1 .LC 13754. 45762. 77273. 76092.
 

DATA PROLESSING AND INSTRUMENTATICN
 
UNIT UNIT DOTE VEHICLt VEHICLE
ICENT TYPE 4C. WEICHT FOWER FACTOR I.E. COST I.E. COST PROD. COST ENG. COST


2C3 DIGITAL TELEMETRY 2 8.9 3.0 1.00 2468796. 139061. 319646. 986496.

4C3 CDU 2 12.3 7.5 1.Oc 6576660. 47819. 109917. 2627940.
 

CCE4 $UNICATIONS UNIT UNIT 
 DOTE 
 VEHILLE 
 VEHICLE
 
ICFlT TY-E 40. WEIGHT POWER FACTCR D.E. COST T.t. COST PROD. COST ENG. COST

ICE BASE3NO ASSY UNIT 3 2.0 0.0 1.00 54662. 3E681. 91544. 38468.
 
2C2 ANTENNA 1 8.4 0.0 1.O 349517. 137063. 75778. 0.
327 TRANSrITTER 2 4.7 18.0 1.O 272957. 90576. 27794. 109070. 
401 RECEIVER 2 3.9 6.3 1.00 e5947. 42118. 71951. 34343.
5C2 COM4NO SIG CONE 4 1.5 .9 1.00 24229. 56157. 74952. 23232. 
6C DIPLEXER 7 .7 .3 1.00 13337. 5661. 9185. 
 5329.

64C A'TENhA,70 FT 1 1ROO.0 0.0 1.00 23976000. 4662000. 10205784. 0.
641 XONDE4S # SWITCH 1 750.0 ****4 1.00 19980000. 2331000. 5953374. 0. 

Table 3-41. Example of SCM Output 

NC3-1-1B PC DEMO
 

ELECTRICAL PVEP 
UNIT UNIT DOTE VEHICLE VEHICLE 

IDEET RY 40. . Ct O.E.z2 z 8 3 C T 3 7 6 . COST PROD.664 . ENG9 oH ST2 6 9 T 4PER EICHT0o.5 POWEF0 FACT oO T.E.16o 3u OST M2 


ECLIFENTS USING COST ESTI4ATING RELATICNSHIPS
 

DOTE VEHICLE VEHICLr
NAME WEIGHT FACTOR D.E. COST T.E. COST PROD. COST ENG. COST
 
SCLAR ARRAY 202.5 1.00 1261916. 313137. 799840. 0.
 
WIRING HARNESS 140.4 1.00 43492. 319727. 432508. O.
TlERPAL CONTROL 99.7 1.0C 4432034. 248324. 228546. 0. 
PCWER CONVEERS 0.0 0.00 0. 0. 0. 0.&FCPULSIO FEED SYS 147.7 1.00 1380189. 905430. 770907. 3. 
STRUCTURE 307.5 1.00 5C94206. 1415192. 903699. 0. 
PECWR CONTROL UNITS 162.0 1.00 1652515. 502868. 642232. 0. 
SCLAR ARRAY DRIVE 17.3 1.00 690177. 330536. 422140. 0.
 
SATELLITE ADAPTER 110.4 1.00 209132. 160400. 61910. 2.
 

PROPELLANT WEIGHT 704.0
 

PISSION EQUIP WEIGHT 0.0
 

TOTAL SATELLITE WEIGHT 5000.0
 

OF eOOg Q
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Table 3-42. Example of SCM Summary Output 

SPACECRkfT CoSt roDnL
 

NC3-1-1a PC Ll1 

(hILLIGNS OF 1977 OULLAPS)
 

- --------------T+E-----------

SUE$YST&M W)5 ENGIN NC TEST ANC TOTAL 


NERI SVALUATICh DDT4E 


STFLLI(FE IC.2 2.6 12.6 
IIEkAL CONIPJL 7.5 .3 7.9 
ELEC1PIC&L P9WER 

COPOLKHCATIONS 

CAlA &IWtLING 
T5AEILIY ANC COhTRCL 

AU)ILIIFY PRCPULSION 

SFACECRAPT

Pi5iCi QUIPMI(NT 

SATELLITE 

CUALIFICkTION UNIT(S)

GS& (ACE)

LALKCH SITE SUPPOPT 
CONTRACTOR FEF 


ICIAL SATELLITE 


flERACE UNIT CCST 1 


TOTAL 5ATELLITE CDT+E 

PE(tLFING CJST 


6.2 1.7 8.0

76± 10.2 06.2 
15.4 .3 15.6 
4.7 2.4 7.0 

2.4 1.4 3.8 


122.5 18.9 141.4 

0.0 


141.4 

0.0
 
6.q
 

10.4 


158.7 


I SATELLITES) 


AND 

PIODUCTION 

LNCINEERING 


6.0 

0.0 
.7 

.4 


6.1 

2.6 

.3 


10.1 

RECURRING---------

FAB AND TOTAL
 

ASSEMBLY RECURRING
 

2.0 2.0
 
.3 .3 

3.2 3.9

23.7 24.1

.6 6.8 
2.1 4.7
 
1.4 1.7
 

33.3 43.4
 
3.0
 

43.4
 

1.2 
3.1
 

47.7
 

47.7
 

206.4
 

3. 2. 7. 2 Subsystem Cost-Estimating Relationships 

When insufficient component information exists to permit 

use of the SCM, subsystem CERs must be relied upon. For this study 

such CERs were derived from the output of a large number of satellite 

estimates generated by the SCM for a NASA study (Ref. 10). - For each 

subsystem, data similar to that shown in Table 3-42, were extracted and 

plotted against its weight. An example of such a plot is given in, Figure 

3-67 where electrical power subsystem design engineering cost is displayed 

against subsystem weight for twenty representative satellites. Similar 
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Figure 3-67. 	 Electrical Power Subsystem Design 
Engineering Cost vs. Weight 

iphical representations were developed for test and evaluation cost and 

for production cost for each subsystem -- structure, thermal, electrical 

power, communications (including data processing), stability and control, 

and auxiliary propulsion. 

3. 	Z. 7. 3 Application of CERs to the Personal Communications 

System Satellites 

The subsystem CERs described above and selected aomponent 

CERs were used to make estimates of the nonrecurring (DDT&E) and 

recurring (production) cost of three satellites included in the Personal 

Communications System. The first of these, the Personal Communications 

System Principle Demonstration Satellite, weighs 1000 lb and is designed 

to be tested in geosynchronous orbit. Cost estimates and accompanying 

technical information are presented in Tables 3-43 and 3-44. The satellite 

is the first in a progression that is planned to demonstrate the technical 
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Table 3-43." 	Principle Demonstration Satellite Weight 
Breakdown 

STAQlLIZATION AND CONTROL 
UNIT UNIT DOTE VEHICLt /EHICLeICENT TYPF 4C. WFICHT bOWEP FACTCR OD., COST T.L. COST PROD. COT5 t G. COST2C3 VALVE DRIVER ASVY 1 1.6 5.9 1.00 165834. 15851. 25oU . 0.3C3 SUNi ENSOR 1 .3 .0 1.00 116150. 14519. 18 41. f.403 NJTATION TAPPER 1 2.8 0.0 1.00 77256. 15984. 1701C. 0.

6C3 CONTROL FLECTRNCS 1 7.4 3.5 1.0C 1071594. 44781b. 290184, 	 0.eCf EARTH SENSOP ASSY 2 4.1 1.0 1.0 397432. 153300. 216465. I5EiO6.1413 POWEA CCNVEPTER 1 15.9 0.0 1.0c 0. 0. 0. 0.
 

ALXILIARY PRnPULSI3N
 
LIr UNIT DOTE VENICL: IEHICLe
IOF T TY'E ML. 
)PIGHT PO.LR FACTOR £.F. COST T.E. COST PROC. COST zAG. COST834 THRLSTER b .7 .1 .10 13754. 4762, 77273. 76092.
 

C*I* PROCESSING AN) INSTZLPENTATIOa
4NIT UNIT DOTE VtHICLE IEHICLEICENT TYPE 4C. WEIGHT POWER FACTER &.E. COST T.L. COST PROD. COuST FIlG. COST2C3 DIGITAL TELEPTRY 1 6.9 3.0 1.00 416809. 139061. [77581. 0.4C3 CODU 1 12.3 7.5 1.0c 1461546. 47a19. 61005. 0. 

CCPPUNICATIONS 
UNI T 1OBT VtHICLE VtHICLEIDEFT TYF NC. WfEIGHT POWER FACTCk C. COST T.E, COST PROD. COST ENG. COST
1C3 BAS ENO ASSY UNIT 1 Z.0 .5 1.00 "62. 1117. 36060. 0.
2C2 ANTENNA 1 8.4 0.0 1.0c 349517. 137063. 75778, 0.306 TRANSMITTEQ 
 2 2.1 10.9 	 1.00 52260. 47779. 139615. 60841.
4C RECEIVER 1 3.9 6.3 
 1.00 77256. 24775. 39973, 0.


5C3 COMrND SIG CON' 2 1.5 .9 1.Oc 20153. 3C796. 41640. 8053.6(3 DIPLEXER 
 1 3.1 1.0 	 1.00 57409. 15451. 21942. 0.63C AHTE4NA,6 FT 100.3 1.0C 2797200. 66600C1 0.0 	 1180469. 0.631 SWITCH UNIT 1 65.0 IOC.0 1.00 2464200. 133ZOO0. 2551446. 0. 

ELECTRICAL POWER
 LNIT UWIT 
 DOTE 
 VEHICLt 
 JEhICLE
 
ICENT TYPE NC. %EGH! POhER FACIOR O,.t COST Tc. COST PRjD. OST E.G. COST

221 BATTRY 2 25.3 0.0 .0 2169. 23363. H63579. 54Z27. 

ECUIPMENTS USING 	 CIST ESTIATING RELATIOSHIPS 

DOCTL 	 VEHICLE VbHICLE
NAME WEIGH! FACTCR D.E. COST T.E. COST PROC. COST ENG. COST 
SrLAR AP0AY 61.0 1.00 776801. 103086. 263311. 0. 
WIFING HARNESS 43.5 1.00 201217. 118373-. 160127. 0. 
TIERMAL CONTROL 32.1 1.00 758OC2. 115163. 117772. 0. 
PCIEPR CNVERTERS 15.9 1.00 590016. 367568. Z34718. 3.
PRPULS ION FEED SYS 68.3 1.00 881623. 501892. 427324. 3. 
S1UCTU ' 24E.3 1.Oc 1437792. 1179987. 7535C4. 3. 
FCWER CCMTROL UNITS 66.6 1.00 630969. 298965. 3b1820. 3.
 
SATELLITE ADAPTER 42.4 1.00 61811. 34638. 35410. 2. 

FPGPELLANT WEIGHT 140.2
 ITTL SATELLITE WEIGH4T 999
 
tISSIO0 EQUIP WEIGHT 0.0
 

feasibility of 	the Personal Communications System prior to committing the 

substantial resources required for full-scale development. The second in 

the plan, the 	Personal Communications System Concept Demonstration 

Satellite, weighs 5000 lb and is first tested at low orbit, then transferred 

to geosynchronous for continued evaluation. Cost estimates and accom­

panying descriptive information are given in Tables 3-41 and 3-42, pre­

viously shown. 

The full-scale Personal Communications System satellite 

cost estimate is based on the subsystem and selected component weight 
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Table 3-44. 	 Principle Demonstration Satellite Cost 
Estimate 

(MILLIONS CF 1577 DOLLARS)
 

CNE DES 7AL. .......... .. ..
 
OESILNi TEST .10 TOTAL PkOOUCTION FAB AND 70TAL
 
------- DDT+EAID------------.... --- EC URRING .. ----

SLSYSTEM CJST NGINEFFINC EVALUATION OP+E ENGINEERING ASSEMBLY aECURRING
 

STPLCT7LE 	 2.5 1.7 4.2 G.0 1.1 1.1THE tAL CONTRIL 1.3 .2 1.4 0.0 .2 .2

LtC FICAL PC4ER 3.8 1.3 5.0 .1 1.6 1.7

CGVLNICAT1ONS 	 10.1 3.1 13.3 .1 5.8 5.9

DATA IFADLING 3.2 .3 3.5 C.e .3 .3 
STABILITY ANC CONTRGL 3.1 .9 4.0 .3 .8 1.1 
AL)ILIAPY PRC'ULSICN 1.5 .8 2.3 :1 " .7 .8
 

SPACECRAFT 	 25.6 8.1 33.7 .6 10.6 11.2IISSICN EQLIPMENT 	 0.0 0.0 

SATELLITE 	 33.7 11.2

QLALIFICATICN UIT (S) 0.0 
GSE (ACE) 2.2 
LAL.C' SCITE SUPPORT .5 
CCNTRACTOQ FEP 	 2.5 .6 

TOTAL SATELLITE 	 38.4 12.5
 

fLERAC' UNIT COST ( I SATELLITES) 	 1Z.5
 

TOTAL SATELLITE DPT+E AND
 
RECLPPrING COST 
 53.9
 

breakdown contained in Table 3-45. The cost estimate is given in Table 

3-46. Note that the cost estimate for the total satellite is shown. Later, 

however, the estimate is broken into two segments; one reflecting the 

requirement to develop key modules and sections of the satellite to be 

tested in low orbit, the other dealing with thebalance of the satellite to 

be launched to low orbit where it will be assembled, tested, and the whole 

satellite transferred to geosynchronous orbit. 

3. 2. 7.4 Ground-Segment Cost Estimates 

In the space-based Personal Communications System, the only 

nonsatellite ground equiprient required is the wrist radio used for receiving 

and sending voice messages. Cost estimates needed are (1) RDT&E required 

to develop the radio, (Z)the unit cost based on large production quantities, 

and (3) maintenance of the radios over the required period of operation. 

Based on, its similarity with digital timepieces, it is estimated that unit 

cost would be $10 based on a total quantity of 25 million radios. Develop­

ment cost is estimated to be $5 million dollars based on the experience of 
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Table 3-45. Personal Communications Satellite Weight 

Breakdown 
WEIGHTSIb) 

BASIC WITH CONTINGENCY 

STRUCTURE 9,345 10,158 
BASIC STRUCTURE 
SOLAR ARRAY ORIENTATION 

(4,875) 
(4,470) 

THERMAL 840 1,000 
ELECTRICAL POWER 14,905 17,140 

ARRAYS 
BATER IES 
POWER CONTROL 

(5,280) 
(6,350)
(2,700) 

WIRING ( 575) 
ATTITUDE CONTROL 35 75 
PROPULSION 

ION THRUST SYSTEM 440 500 
PROPELLANT 4,170 4.800 

MISSION EQUIPMENT 

COMPUTER 
TRANSPONDERS 
FREQUENCY GENERATORS 

7,955 
3,665 

100 

9,547 
4,160 

150 
MASTER OSCILLATOR 50 75 
ANTENNA 
ANTENNA FEED 

3,115 
2,450 

3,580 
2,815 

TOTAL SATELLITE 54,000 

Table 3-46. Personal Communications Satellite Cost 

Estimate (Thousands of 1977 Dollars) 

DDT&E UNIT 

STRUCTURE 87, 250 30,393 
THERMAL 11,034 1,456 

ELECTRICAL POWER 107,900 63,212 

ATTITUDE CONTROL 7,900 2,056 
ION SYSTEM 7,058 7,814 
MISSION EQUIPMENT 

COMPUTER 57,116 92,456 
TRANSPONDERS .31,436 59,171
FREQ GENERATORS 10,124 7,566
MASTER OSCI LLATOR 7,442 3,140 
ANTENNA 52,641 10,265 
ANTENNA FEED 9,529 51,555 

SUBTOTAL 389,430 329,084 

TOTAL (Including GSE, 440,056 361,992 
Launch Operations Sup­
port, and Fee) 
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a major developer and producer of electronic calculators. Finally, 

maintenance cost is estimated to be ten percent per year of total production 

cost. 

3.2. 7. 5 Life-Cycle Cost 

After completing individual space and ground segment system 

cost estimates, the next step is to prepare life-cycle cost estimates by 

synthesizing a plan of operations over a period of time during which the 

system is expected to perform; ten years of operation is often selected 

and that assumption is also made for this study. The basic idea behind 

life-cycle cost estimates is to show not only the major intital costs con­

nected with implementing a system (such as development and production), 

but also to show the resources required to maintain and operate the system 

over either its useful lifetime or over a period of time sufficiently long to 

assess the total cost of the system. Secondary benefits of such an analysis 

are that time-phasing of total costs can be readily extracted, thus facilitat­

mg economic benefit analyses. In order to deal with all of the individual 

items of cost; to time-phase their development, produ6tion, and operation; 

to accumulate yearly funding expenditures; and to provide for changes to 

any item within a total life-cycle cost plan, a computer program named 

MISSCM (for Mission Cost Model) has been used. A description of the 

model and its application to this study follows. 

3.2. 7.5. 1 Mission Cost Model 

The objective of the MISSCM is to relate satellites, launch 

vehicles, applicable ground segments, and other mission-oriented equipment 

or tasks so that both total cost and time-phased cost may be calculated. 

The procedure for accomplishing this is to apply to each major element of 

cost a schedule and a funding distribution algorithm. The MISSCM computer 

program keeps each item in memory in terms of both total and time­

phased costs and can provide output by individual cost item, by groupings, 

by subtotals, or by program total. 

3-136
 



Examples of MISSCM output are provided in Tables 3-47 and 

3-48. Table 3-47 contains data relating to the Personal Communications 

System Concept Demonstration Satellite. Note that for convenience the 

weight of 5000 lb is broken down by subsystem, and that basic RDT&E and 

average unit costs are shown, also by subsystem. The schedule of satellite 

launches, in this case only one in 1985, is given with its effect on fiscal 

year funding requirements shown for RDT&E and investment, as well as 

for the total satellite. Table 3-48 carries forward the schedule and fiscal 

cost data for the satellite; however, it adds the launch vehicle schedule, 

description, and fiscal funding requirements to reflect total satellite and 

launch vehicle cost by fiscal year and by program total. By summing each 

element within a program, total program cost is calculated. Static totals 

or total fiscal year amounts are also generated. Finally, the MISSCM can 

produce either current (inflated) dollars or discounted dollars by fiscal 

year. This latter step is required for net present value calculations 

typically made as part of cost/benefit analyses. 

Table 3-47. Payload Program Cost (Millions of 1977 Dollars) 

I M 
IOIvNTS COST FACTO 6ASIC AG IRST COST ESTIIATE 

SUSS STE IPY TOTAL OTHERINPUTS DEV PROD ROTE UNIT UNIT ROTEItaEST OPS TOTAL

STPJCTbURE 53 SS$ TYPE, EDO0 1 000 1 C00 23 3 23 3
 
ItCTI
T - -_=' . , 5j~L S'. - D 1T9ACkIt 3 CC 1- D Cof1 Co31 ALT, SdtC 1 000100000 114 3 114 3. 146 
ST.S ' CC T10. o7 7 TiPE, 3-AXIS 1 COO 1 000 6 S a 5 13 
PqC~..SON 148 DOZ TOT 1hPLL)0 I 000 1 000 5 1 5 2 7 

ItiSSib'l £C MThIEhT 0 0 COCI.PLTY. LO I 00 1 000
 
5'-ELLITE 'slo 5010 159 48 159 48 Z07
 

AGE 0 000
 

IIISCELLA tOCLS
 
SE AKD ID
 
KELIAMILITr EFF


TOTAL 15l S a fl'7
9 


FISCAL YEAR 1982 1983 1984 1965 1986 1907 19S 1969 1990 1991 1992 1993 1994 1995 1996 1997 1906 19"9 2000 
DESICI S A I PEOESIC'S 

SD4CFCPA"T 10 
IISSION EC.:F.'ET 

SATELLITE SCIEDULE 
N EC JACLE(SIPE. 

FISCAL ER .'-8 1979 1963 1961 1982 19 3 1984 1965 M96 1967 1988 1989 1990 1991 199Z 1993 1994 1995 1996 1997 1993 1999 00 TOTAL 
W.011 5 

TOTE 40 67
 
ESI EIT 12 26 10
 

OPE" CHS
 
ILLSES
 

h5 113 43
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Table 3-48. 	 Individual Program Cost Breakdown 
Through 2000 (Millions of 1977 
Dolldrs) 

FCS (COMFPT DEO)
 
LAUNCHED FROM ETR
 

FISCAL PAYLOAD LAUNCH VEHICLE TRAFFIC PROGRAM COSTS 
YE^Q TRAFFIC A & C 0 E F 0 PAYLOADCOSTS LAU CH VEHICLE COSTS PPCG 

'UlS STEC 5UTI EDfl1L IO S O~TI HE, 1D t15s vts nL. 
H R 1 0 

101 87 16 113 9 9 12
 

1AS 1 1 0 	 1 0 1 10 o0 22 2 

1000 

193
 

nas
 

TOTAL 1 1 0 	 1 0 159 qI 207 U52 3 

Inputs for the MISSCM are as follows: 

* 	 Launch Vehicle Dictionary -- contains name and 
unit launch cost 

* 	 Satellite Schedule -- including weights, RDT&E, 
and unit cost 

* Launch 	Vehicle Schedule -- including vehicle name 
and upper stages.
 

All cost figure output is in terms of constant 1977 dollars 

(unless discounted or inflated). All cost figures include fee or profit on 

the part of the prime contractors and their subcontractors. 

3. 2. 7.5. Z Life-Cycle Cost Elements 

In addition to 	the satellites and their launch vehicles, which 

appear as single line items of cost in the MISSCM Program summaries, 

other 	line items such as on-orbit maintenance, mission control, user ground 
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equipment (wrist radio) and ground equipment maintenance must be added 

to produce the total program life-cycle cost shown in Tables 3-49 and 3-50. 

On-orbit maintenance is applicable only to the full-scale Personal Commun­

ications System satellite and it is assumed that one flight per year would be 

needed. Each flight requires one shuttle-IUS combination that carries 

satellite plug-in replacement hardware plus a manipulator. The per flight 

satellite replacement hardware is estimated to cost approximately five 

percent of total satellite recurring cost. The development and procurement 

of a manipulator is assumed to have been previously funded and, therefore, 

is not included in any of the on-orbit maintenance cost estimates. Tables 

3-51 and 3-52 contain MISSCM output for the on-orbit maintenance line 

item. 

Table 3-49. 	 Satellite Traffic and Cost Summary Through 2000 
(Millions of 1977 Dollars) 

SATELLITE PAYLOAO LAUNCH VEHICLE TRAFFIC PROGRAM COSTS 
MAKE TRAFFIC 1ST Ius TUG PAYLOAD COSTS LAUNCH VEHICLE COSTS PROG 

STAGES ROTE INV OPS TOTAL INV OPS LOSSTOTAL TOTAL 

SATELLITE-BASED INITIATIVES
 

PERSO AL COFMMIIITCATTO'SSYSTEM 
PC5 (pRINCpL DEMO) 1 1 0 1 0 38 13 51 a5 25 76 
PCS (CONICEPTDEMO: 1 1 0 1 0 159 48 207 25 25 232 
PCS (TECLNCL DEO) 1 2 0 310 102 41 38 38 450 

PCS ON-ORBIT MAItIT 10 I0 0 10 0 169 169 251 251 420 
PCS ISSIOl COIITRL 13 75 130 205 205 
PCS 4RIST RADIO 25 5 zS 255 255 
PCS ".ST 160 MATE! 9 ? I 77Z5 

SUBTOTAL 61 16 0 12 0 	 717 841 355 1913 377 377 2290 

Table 3-50. 	 Total Program Costs by Fiscal Year Through 
2000 (Millions of 1977 Dollars) 

1978 1979 1980 1981 198Z 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
 

SATELLITE-BASED INITIATIVE 

PEPSOI'ACOMUNtICATTONSSYSTEM 
PCS (PRIICPL DEMO) 6 21 38 11 
PCs CO'CEPT DEMO) 6 60 122 44 
PCS ITEC'UCL DEMO) 
PEPOC'A. COHNSAT 

37 175 183 55 
"0IP7"l 

PCs OJ-CPBIT MAINT 6 18 37 42 42 43 42 42 41 42 36 24 5 
PCS MISSION COJTRL 19 41 15 10 10 10 10 10 10 10 10 10 10 10 . 10 
PCS ".9STRADIO 1 3 51 125 75 
PCS 1.IST PAD MAIM ? 

SUBTOTAL 6 21 44 71 122 100 216 279 301 199 172 127 77 78 77 77 76 77 71 59 40 
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Table 3-51. 	 Personal Communications System 
On-Orbit Maintenance Payload 
Program Cost (Millions of 
1977 Dollars) 

JEIGHTS COSTFACTOR BASIC AVG FIRST COSTESTIMATE 
SUBSYSTEM DRY TOTAL OTHERINPUTS 0EV FPCD ROTE WICT UNIT ROTE INVEST OS TOTAL 

STRUCTUIE 0 0 TYPE, ENOD 1 000 1 000 
.. ,FCTP I L O S 0,D l.nTTg. o ____0 _ _ 0 _ 


TRACIth,CO..1AO 0 0 ALT, LOA ORBIT 1 000 1 000
 
SToBILITYCOTROL 0 0 T)PE, SPI 1 000 1 000
 
PRORULSIOTI 0 0 TOT IMP 0 1 000 1 000
 

SP tF'P T p 	 p 
NISS:CO1EGJIFPIENT 0 0 COIPLXTY. LOA 1.000 1 000 17 169 169
 

SATELLITE 0 0 17 169 1t9
 
AGE 0 000
 
LAUNCHSUPPORT 	 0.00 
ITSCELLAF
WEOUS
 

SE AND TO 
RELIABILITY EFF
 

TOTAL. '$9 10
 

FISCAL YEAP 1982 1983 1984 1935 1086 1987 1908 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
 
DESICHIS AND PEDESIGNS
 

SPACECRAFT
 
HISSICI EGUIRSENT
 

SATELLITE SCHEDULE
 
NE. (EXPEDOBLE I 	 1 1 1 1 1 1 1 1 1 1 10 

tISCALYEAR 1076 1979 1980 1081 1982 1983 1984 1985 1986 1087 198$ 1909 1990 1991 1992 1993 199- 1995 1996 1997 1993 1999 2000 TOTAL 

FU',DING 

ROTE
 
I ESTNEHT 	 4 14 17 17 17 17 17 16 17 17 13 3 
OPERATIONS
 
LOSSES
 
TOTAL 	 4 14 17 17 17 17 17 16 17 17 13 3 

Table 3-52. 	 Individual Program Cost Breakdown 
Through Z000 (Millions of 1977 
Dollars) 

FISCAL PAILOAO LAL';CH VEHICLE TRAFFIC PROGRAM COSTS
 
1.]R TPAFFIC A 0 C 0 E F G PAYLOAD COSTS LtU1CH VEHICLE COSTS PPOG
 

N P TI D 

1970 

1970 

10020
 
19 0
 
7 01
 

19a5 
S057 

1989 4 4 14 14 10 
1900 14 14 13 1. 1 37 

110 1 10 10 17 17 25 :3 41 
1993 1 1 0 1 0 17 17 26 16 '.3 
190, 1 1 0 1 0 17 17 20 25 42 
10., 1 1 0 10 7 ' ' 
.900 i 0 1 0 i 16 I5 I5 41 
1997 1 1 0 1 0 17 17 15 Z5 1 
1$'S 1 i0 10 17 17 19 1' 3 
1910 1 1 0 1 01;3 1f i­
1050 1 1010 	 3 3 2 5 

TOTAL 10 10 0 10 0 	 16. 169 251 251 $20 
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Mission control of the full-scale Personal Communications 

System satellite is judged to be needed because of its size, complexity, 

and its on-orbit maintenance flight requirements. A control center must 

be established that houses equipment and the personnel required to maintain 

flight control, display flight data, schedule on-orbit repairs, and supply 

billing and other data needed to operate the project. Initial facilities and 

equipment are estimated to be $75 million -- the cost of personnel and 

equipment needed to operate and maintain the control center is estimated to 

be $10 million per year. Thirteen years of operation are shown in Table 
3-53, rather than ten, because launch and on-orbit testing must take place 

before commercial operations can commence. 

User ground equipment for the Personal Communications 

System covers the wrist radios, which were previously discussed in 

Section 3. Z. 7. 4 and are shown in Tables 3-54 and 3-55 of the MISSCM out­

put. The total of the above line items constitute the Personal Communica­

tions System cost estimate as shown in Table 3-49 (total cost) and in 

Table 3-50 (fiscal year cost). 

Table 3-53. 	 Personal Communications System Mission 
Control Payload Program Cost 
(Millions of 1977 Dollars) 

kEIGNTS 	 COST FACTOR BASIC AVG FIRST t COST ESTINATE 

SUBSYSTEM DRY TOTAL OTHER INPUTS DEV PHO0D ROTE UNIT UNIT DTE INVEST OPS TOTAL
 
STRUCTURE 0 0 TYPE, ENDO 1 000 1 000
 
ELECTRICAL POU R 0 0 W'TTS, a ASO I ann
 
TRACKINS,COMIAND 0 0 ALT, LOA ORBIT 1 000 1 000
 
STABILITYCONTROL 0 0 TYPE, SPIN 1 000 1 000
 
PIOFULSIO' 0 0 TOT IhP 0 1 000 1 000
 

SpACOA FT 0 0
 
MISSIO' ECUIPIENT 0 0 COXPLXTY, LOW 1 000 1 000 75 75 75
 

SATELLITE 0 0 75 75 75
 
AGE 0 000
 
[*11CH SUJPPORT 0 D. 1. In -1 110
 
MISCELLANEOUS
 
SE AND TO
 

RELIABILITY EFF
 
TOTAL T l 0 

FISCAL YEAR 1901 1983 1904 1905 1986 1987 1988 1 89 1990 1991 119 1993 1994 1995 1996 1997 1998 1999 8000 
DESIGNS A4D REDESIGNS 

SPACECRAFT 
MISSIO' EQUIPMENT 1 00 

SATELLITE SCHEOULE 
HEW (EXPEtDALE I1 1 1 1 1 1 1 1 1 1 11 1 

FISCAL YEAR 1978 1979 1980 1981 1982 1983 1984 1965 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1991 2000 TOTAL
 
FUNDING 

QOTE 19 4, 19
 
INVESTMIENT
 
OPERATIONS 	 10 10 10 10 10 10 10 10 10 10 10 10 10 
LOSSES
 
TOTAL 19 41 15 10 In 10 10 10 10 10 10 10 1030
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Table 3-54. Personal Communications System Wrist Radio 
Payload Program Cost (Millions of 1977 
Dollars) 

SU5S)STEN 

STRUCTUIRE 

NEIGHTS 
ORY TOTAL OThER 

0 0 TYPE, 
IN

EI'O 

PUTS 
COST FACTOR 
BEV PRGD 

1 000 1 000 

BASIC 
ROTE 

AVG 
U4lT 

FIRST 
UNIT ROTE 

COST ESTI1'<TE 
I IEST OFS TOTAL 

TR.C\iHS.CO.A-3 
STASILITY.CONqTROL 
FROPULS10F 

0 

0 
0 

0 ALT, LOA ORBIT 1 
0 T'rC, SPIN 
0 TOT INP 0 

000 1 000 

1 000 1 000 
1 c0 1 000 

'2I$SIOI ECJIFIENT 
SATELLITE 

AGE 

0 
0 

0 CC'FLXT), 
0 

LC. 1 000 1 

0 000 

000 5 
5 

10 
10 

5 
5 

250 
Z50 

-55 
25 

NI-SCELLU?.ECUS 
St AL'S TD 
RELIABILITY EFF 

TOQAAL 55 

FISCAL YEAR 1982 1903 1904 1985 19S6 1987 1968 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
OESIC'S AND REDESIGNS 

SP ACESCQFT 
AISS:CN EQUIPr'T 1 00 

SATELLITE SChEOU.. 
N.. (E\p '.OA5LE 3 	 10 15 5 

FISCAL TEAR 1978 1979 1980 1981 195Z 1933 1984 1965 1986 1957 1986 1959 1990 1991 199Z 1993 1994 1995 1906 1997 19 S 1999 2000 TOTAL 
FU' DING 

POTE 	 3 1 
INNESTICNT 	 50 1,5 75 
OPEPATIONS
 
LOSSES
 
TOT,', 	 I- --L.Z 7 

Table 3-55. 	 Personal Communications System Wrist Radio 
Maintenance Payload Program Cost 
(Millions of 1977 Dollars) 

WEIGHTS COST FACTOR BASIC AVG FIRST COST ESTIMATE
 
SUBSYSTEM DRY TOTAL OTHER INPUTS 0EV PROD ROTE UNIT UIT ROTE INVEST OPS TOTAL
 

STPU:TUPE 0 0 TYPE, ENDBO 1 000 1 000
 

TRACNI\S.CO,,l",D 0 0 ALT, LO ORBIT 1 000 1 000
 
STAaILITYCOLTROL 0 0 TYPE. SPIN 1 000 1 000
 

PPOPULSION 0 0 TOT IMP 0 1 000 1 0000
 
5B CSCPA T 0 0
 

ISSIOL EQUIPNENT 0 0 COMPL'TY, LO4 1 000 1 000
 
SATELLITE 0 0
 

AGE 0 000
 
L'L'"CH 5U,'OPT 	 n 00 2 2 
MISCELLA EOUS
 
SE AN TO
 
PELI 8ILITY EFF
 

TOTAL 	 220 220 

FISCAL YEAR 1902 1083 1984 1985 1986 1087 1988 1969 1990 1991 1992 1993 1994 1995 199o 1997 1998 1999 2000 
DESIGNS ANO REDESIGNS 

SPACECRAFT 
MISSION EQUIPMENT 

SATELLITE SCHEDULE 
NEA (EXPENDABLE I I I I I I I I I 

FISCAL YEAR 1978 1979 1980 1981 1982 1983 1934 1985 1986 1987 1Q88 IQ89 1990 1991 1992 1993 1994 1995 199o 1997 1998 1999 2000 TOTAL 
FUNDING 

POTE 
INVESTMENT
 
OPEPATIONS 25 25 25 25 25 25 25 Z5 5
 
LOSSES
 
TOTAL 25 25 25 25 25 25 C5 IS 25
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3.3 DEVELOPMENT PLAN 

The Personal Communications System satellite represents a 

satellite of unprecedented complexity. Therefore a developmhent plan bridg­

ing the gap between today's technology and that of the final Personal Com­

munications System is discussed in this section. The intent is to provide 

a step by step development and concept proof leading from the present 

in credible steps and thus to determine the time in which the personal system 

might be made operational. 

3. 3. 1 Rationale 

In order to be credible a development plan must have several 

features. First, the steps must be of increasing complexity each proving/ 

demonstrating or developing hardware that is a significant and meaningful 

step above and beyond the previous step yet not represent such a giant leap 

as to be inordinately risky, time consuming, or not credible. This was one 

of the guiding principles behind the rationale for the development plan gener­

ation, A further rationale, which was self-imposed but is felt to be realis­

tic, is that all the developmental hardware utilized for space tests be useful 

in an operational mode, that is to say, that there should be no dead-ended 

hardware development. Many previous programs that have had the capability 

to be used in an operational mode such as the ATS-6 have found that they have 

been extremely useful and have more than earned the money invested in 

them by the provision of interim services. In some cases these services 

have been invaluable. A farther ground rule is that it is unlikely that any 

development could begin until the year 1980, if then, due to the realities 

of the lead time in budget preparation. A step-by-step demonstration and 

development plan approach is outlined in Table 3-56, in which four steps 

are described leading to the final system concept. 

The first step would be one in which the principle of direct­

switched communications from user-to-user through a satellite would be 

demonstrated. It would use a small antenna, a small number of beams 
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Table 3-56. Development Plan Approach 

1. 	 STEPS OF INCREASING COMPLEXITY 

2. 	 ALL DEVELOPMENTAL HARDWARE USEFUL 

3. 	 START INCY 1980 

4. 	 STEP COMPLEMENT
 

STEP 1: DEMONSTRATION OF PRINCIPLE
 

SMALL ANTENNA, 2-4 BEAMS AND TRANSPONDERS. SWITCHING AT BASEBAND.
 
AFEW LABORATORY-TYPE TERMINALS. PLACE INTO GEO, TEST INGEO, USE 
OPERATIONALLY. 

STEP 2- DEMONSTRATI ON OF CONCEPT 

SCALE ANTENNA. FINAL FREQUENCY BAND. 1PERCENT OF BEAMS, TRANSPONDERS, 
AND SWITCH. A FEW LABORATORY-TYPE TERMINALS, FINAL SIGNAL STRUCTURE 
PLACE IN GEO, TEST INGEO, USE OPERATIONALLY 

STEP 3. DEMONSTRATI ON OF TECHNOLOGY 

FULL SIZE ANTENNA. 10 PERCENT OF BEAMS, TRANSPONDERS, SWITCH AND POWER, 
IN FINAL MODULAR PACKAGES. 1-10 PERCENT OFTERMINALS IN PROTOTYPE FORM. 
ASSEMBLE INLEO, TEST IN LEO, USE WHILE INTEST, PROCEED TO STEP 4. 

STEP 4. DEMONSTRATION OF SYSTEM 

ADD REST OF BEAMS, TRANSPONDERS, SWITCH AND POWER, MODULES. PRODUCTION 
USER SETS. ASSEMBLE IN LEO, TEST, TRANSFER TO GEO, TEST-DECLARE OPERATIONAL 

and transponders but it would have switching at baseband. It would use a 

few laboratory type hand-held terminals and would be operated in geo­

stationary orbit. The second step would be a scale model of the final 

antenna operating in the final frequency band. It would have about one 

percent of the number of beams, and transponders, and an onboard switch. 

It would try to simulate the final signal structure to understand the inter­

modulation effects. It would also operate in geostationary orbit in conjunc­

tion with a few laboratory type terminals. 

The third step would demonstrate the technology by orbiting 

the final system's full size antenna, which is structurally the most critical 

item in the satellite, but it would only incorporate about 10 percent of the 

feeds, beams, transponders switch complexity, and onboard power. These 

components would however be in the form of the final modular packages. 

This would then represent the final hardware without requiring the full 
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complexity on orbit in one step. One-tenth to 10 percent of the wrist 

radio telephone terminals would be procured in prototype form. The 

satellite would be assembled and tested in low orbit, and when its technology 
is fully demonstrated the final step would be undertaken. This step, which 

is a demonstration of the entire system, would assemble the rest of the 
modular components to form all the beams, transponders, switch, and 

power modules. Thus the entire satellite will have been assembled in two 
distinct steps. The satellite would be fully assembled in low orbit to make 

use of the space shuttle. Following test it would self-transfer to geosta­

tionary orbit, and after retest there would be declared operational. The 

production user sets would be used at this point for communication through 

the satellite. 

This development plan is not unique and in fact it can be 

argued that the first two steps could be combined depending on the timing. 

There is a clear purpose in each step however, and the concept of splitting 

the launch and assembly of the final satellite into two operations yields it 

great strength. 

The development plan itself appears in Figure 3-68 plotted 

as a function of time and showing the time lines as well as the steps them­

selves, in which the estimated time periods for design, fabrication, test, 

assembly, laumch, and operations are shown in the top half and the steps 

themselves, with some detail on their characteristics, on the bottom half. 

Referring to that figure it js, seen that the first step could be launched about 

three years from start (about 1983 assuming a start in calendar 1980) and 

would be operational from 1983 through at least 1986 to cover the gap until 

the next step could be made operational. The second step of concept demon­

stration could be launched in 1985 and replace or augment the first opera­

tional satellite. Following concept demonstration it would remain opera­

tional through the 1990 or 1991 time period. During this period it would 

furnish operational capability while the final satellite is being assembled and 

tested in two steps. The third step, which has the final antenna but only 
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Figure- 3-68. 	 Develbpment Plan for Personal/Ehmergency 
Communications. Ifitiative 

about, 10 percentof, the electronics-, could-be assembled and tested in the. 
1_988- time period and wholly assemied with, 100. percent of'its components 
in 1989. After test it-would take six months to perhaps as much as a' year 
to, transfer, it.to geostationary-orbit"and,. could-be operational between- 1990 
and 1'991. Its, capability woul: completely dwarf'the operational capability­
of the: first and second, steps, however,, those. steps' could be kept operating 
until their.useful, life was over.. 

The operational utility of each~step is clearly shown in 
Figure T-68. The. services of the third step--- the technology demonstration 
step:-- would' only-be. available for-about six.months and would serve as a test 
or pilot project with, the- satellite- m low orbit Thus limited communica­
tions times-would be- available, however- the powerof the satellite from 
that altitude would be enormous and a number-of the services-listed might ­

benefit even from limited-time services. 'The rest of the-operational utility 
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services are all from synchronous altitude, and assume terminal buys in 

addition to those required in the development/demonstration steps alone. 

The development satellite weight steps from 1000 to 5000 to 

10, 000 to 54, 000 l; with steps of antenna size going from 6 to 60 to 220 ft. 

The switch comiplexity goes from a 2 by Z to 100 by 100 to 10, 000 by 10, 000 

to the final Z30, 000 by Z30, 000. The number of transponders goes from 

2 to 10 to 182 to almost 7000. The first two steps would utilize the IUS 

as the orbit transfer vehicle to place the satellite in final orbit. The third 

step remains in low orbit, and when it becomes the final concept by the 

addition of the step four components, it transfers itself to geosynchronous 

altitude using its own ion engines and power service. 

More detail on the goals, characteristics, operational use, 

and features of' the satellite and terminals for each of the four steps are 

shown in Table 3-57. It is seen that this development plan allows utility 

of the space shuttle in low altitude orbit to check out, assemble, initialize, 

and prove the concepts prior to their final transfer out of the reach of 

the space shuttle itself. The servicing concept would utilize replacement 

components flown to synchronous altitude using the IUS as the orbit transfer 

vehicle or other more powerful orbit transfer vehicles should they become 

available. Automated or teleoperator services could be used, or even 

manned vehicles with EVA, though it is not clear that the physical presence 

of man is needed. This topic will need much more analysis. 
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Table 3-57. 	 Development Plan for Personal/Emergency 
Communications 
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3.4 ALTERNATIVE CONCEPTS
 

The second part of this section deals with the definition of an 

alternative concept to that of using satellites in order that a cost comparison 

be performed for systems using the same capacity or having the same 

performance. 

3.4. 1 Alternative Concept Selection 

A number of major options exist for the configuration of 

alternate paths from wrist telephone user to wrist telephone user anywhere 

in the country. These options are illustrated in Figure 3-69. From a 

standpoint of system considerations there are only two major alternatives to 

the new initiative comsat directly linking the wrist radiotelephone users. 

The first of these options links the users via fixed radio relay towers on the 

ground, the towers being interconnected via any number of possible routes 

that will be discussed further in a moment. The second major option links 

the users to balloons or aerostats that are then interconnected via ground 

radio relay towers if the telephone networks switch plant is to be utilized, 

or directly if airborne switching is to be a part of the alternate concept. 

The first alternate, that of using ground radio relay towers, 

in a switched telephone network plant is attractive in that the current invest­

ment and capability in the ground telephone networks is truly enormous and 

could probably be used as is. The radio relay towers could be linked by 

simple telephone lines to local telephone exchanges that are then intercon­

nected via the normal long haul techniques (which include coax cable, micro­

wave relay, and even commercial comsats). The disadvantage of this 

major option is that the range from the towers to the wrist radio-telephone 

users would be very small due to the very low power andsmall antenna size 

in the wrist equipment, and thus the number of radio relay towers required 

will be very large. This in itself does not present a problem but the cost 

will undoubtedly be quite large. Additionally, use of the fixed telephone 

plant will involve user charges as levied by the telephone companies, which 
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Figure 3-69. 	 Major System Options - Personal/Emergency 
Communications 

could be avoided in a direct user-to-user switched system that bypasses 

the telephone networks. Perhaps the most serious disadvantage, however, 

is that it is unlikely that radio relay towers can be positioned so as to have 

the same coverage as a satellite system, in the wilderness and very thinly 

populated areas without vastly increasing the number of towers. In addition, 
new telephone lines not now existing or planned would have to be run to pre­

cisely those very remote locations where lines do not now exist because it 

is economically unattractive to put them there. 

The second major alternative utilizes some form of airborne 

relay platform, in this case a high altitude balloon system. It is attractive 

in the sense that the added altitude of the relay increases the range obtainable 

from.the wrist radiotelephone users, since it avoids excess link losses 

(Ref. ii) to the point where the number of relay towers is greatly reduced -­

and furthermore obtains coverage in areas where it is uneconomical to 
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install telephone lines and radio relay towers. The disadvantage of the 

balloon system however, is that is still must operate through the fixed 

telephone switched plant just as the first option. This could be avoided by 

relay from balloon-to-balloon, and incQrporating a switched airborne cap­

ability equivalent to the switch in the new initiative comsat satellite. 

Should that be the case, communications could then flow directly from user 

to balloon to balloon to user, or even from user to balloon to a commercial 

COMSAT to balloon to user. In this option dependence on ground relay 

radio towers and the user charges of a switched ground network would be 

eliminated at the cost and complexity of replacing that capability with an 

equivalent airborne one. 

Both of these major options have advantages and disadvantages. 

The first option was selected for further study for two major reasons. First 

it was desired to obtain a comparison of the new initiative comsat with 

utilization of the existing or planned telephone networks since such compari­

son is a most obvious one and most often mentioned by critics of space 

systems. Second, insufficient resources and time existed in this study to 

allow the preliminary, design of a new balloon network, including an air­

borne switched plant. For these reasons a system of ground radio relay 

towers interconnected by the telephone networks was selected as the alter­

nate concept to the new initiative comsat to be analyzed in this study, 

even though it would be desirable to analyze both. 

3.4.2 	 Alternative Concept Definition 

The most important single factor in defining the selected 

alternative configuration is to settle on the number of radio relay towers 

required. In principle the system is very much like the cellular mobile 

radio-telephone systems being installed by Motorola and the Bell System in 

Washington, Chicago, and other places on a pilot basis, with the major dif­

ference being that the mobile radiotelephones for car operations have output 

powers in the tens of watts and the networks are designed for high-capacity 
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urban use (it being the most profitable sector to service). The alternative 

concept, however, was defined to have the same coverage as the satellite 

system that produces 30-mi dia contiguous coverage areas over the entire 

United States, superimposed with 846 30-mi areas for higher capacity 

coverage of the urbanized areas. As a first approximation, then, the 

alternate concept has to perform within such coverage areas. 

Based on information (Refs 11 and 12), and current practice 

in corimercial mobile radiotelephone systems operating with handy talkies, 

about 5 W of output power into an omnidirectional antenna are required in 

a handheld unit to reach a 400-ft tower 30 mi away. This number, of course 

will vary greatly with the kind of terrain, with the frequency of operation, 

and indeed with the number of obstructions such as tall buildings along the 

line of path. Based on scaling equations (Ref. 11) if the tower height is 

reduced to 150 ft as something more economically practical, and the trans­

mitter power is reduced to 250 mW, the average transmission range will 

be reduced to about 5 mi. Clearly, in the urban areas it could be con­

siderably less than that. Utilizing such a number however, each 30-mi 

dia area would require an average of nine radio relay towers with 5-mi 

radius of tranmission. This number is of course highly dependent on the 

local geography and obstructions. It is estimated thatof the total amount of 

towers required, which in this case is nine towers per area times 6930 

areas or 62, 370 towers, perhaps 75 percent will be needed in suburban, 

rural areas, or wild areas in which there are no towers at all, whereas 

perhaps Z5 percent can be colocated with silos, mountain tops, or urban 

buildings. This distribution was chosen even though it is recognized that 

there are no.telephone lines to many of these areas now. 

Since there are 846 urban areas and 6084 rural areas at 

nine towers each on the average, this implies the need for 7600 urban and 

suburban radio relay towers in 54, 700 rural relays. In order to calculate the 

required number of channels and transmitter power for each relay equipment, 

the total population percentage that could be expected to be concentrated 
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within the reach of any one of the nine towers in each area at any one time 

has to be estimated. This estimate was placed at about 10 percent, worst 

case. The total number of channels in each 30 mi dia area provided by the 

satellite system has to be matched, and this number for the urban areas 

is 34. 7 minimum, 175 average, and 694 maximum. For the rural areas 

the minimum is 1, the average is 11, and the maximum 65. Due to the 

possible concentration factor (since the users are mobile within the area) 

10 percent of the above channel numbers would have to be provided to 

each and every radio relay tower unit. Such a concentration factor, by 

the way, is absent in the satellite system which is insensitive to user 

distribution within a beam footprint. The total number of channels required 

for the relay units therefore, in urban area-s are a minimum of 4, average 

of 18, and a maximum of 17. In the rural areas is 1, the average is 1. 1, 

and the maximum is 7. 

The power required in the relay tower transmitter is com­

puted on the basis of Z. 5 W per channel in order to make the link from the 

wrist radio unit highly dominant in the link noise addition calculations. 

Under these conditions the urban towers require a minimum of 10, an 

average of 45, and a maximum of 175 W of output power whereas the rural 

towers require a minimum of 2. 5, an average of 3, and a maximum of 

17. 5 W each. The exact numbers of channels and output power for any one 

relay tower, of course, is dependent on its precise location and service 

requirements in the country. The characteristics and requirements for 

the alternative concept equipment on the towers is illustrated in Figure 

3-70. 

A number of other assumptions need to be made to define 

the system concept to the point where a cost analysis can be performed. 

These radio relay towers must be interlinked with voice lines of adequate 

capacity to handle the numbers derived above and they need to be inter­

connected by switching capacity adequate to handle the expected load of 

230, 000 channels. Furthermore, the telephone lines to interconnect 
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Figure 3-70, Alternative Concept - Personal Communications 

these towers must exist wherever these towers must be placed. In many 

cases it will be possible to place the towers near existing telephone lines, 

and provide coverage by sheer numbers of relay points. In other cases, 

however, the towers should be placed on top of mountains or other areas 

that may not have telephone service. In discussions with AT&T on the best 

way to implement such a system, it was decided that no new telephone lines 

would be run to specific tower locations, recognizing that most of the thinly 

populated areas in the country in 1990 could be covered by putting multiple 

relay towers along existing or projected telephone line runs. By such a 

scheme the number of towers could be expected to be roughly equal to that 

required in a uniform coverage network, however, it is clear that service 

would not be provided to all wild areas where no telephone lines are pro­

jected to exist. Thus some additional lines or high altitude relays may be 

needed , or the coverage would not be equivalent to that of the satellite. 

A further assumption was made that one new telephone line 

would be installed for each tower installed, however, this simply means 
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either doubling the channel capacity by proper conditioning of existing 

telephone lines, or running an additional twisted pair along already existing 

telephone lines, which is fairly inexpensive. 

An additional assumption was made after consideration of 

the switching load that this system would impose on the ground network 

expected to exist in 1990. This was that the switching required in the 

rural areas could be provided by local exchanges with the capacity they 

are expected to have in 1987, however, that the major urban areas would 

see such a large load that augmentation of their switched plant with a 

No. 1 ESS switch/processor in each of approximately 20 major areas would 

be necessary. 

This last assumption, as well as one on which the user 

charge schedule must be based, is dependent on an assumption that most 

of the calls originated stay within what is known as the local exchange zone. 

This would certainly be the case for most of the wrist radio users, and thus 

an assumption was made that 90 percent of calls originated in any 30-mi 

area will stay within that area. Use of the telephone networks would then 

be charged by the telephone companies at a flat monthly rate regardless 

of the number of phone calls. Ten percent of the calls were assumed to be 

directed outside of the local exchange and thus subject to long distance toll 

rates. The costing of the alternate configuration is very much dependent 

on this assumption due to the high cost of long distance toll rates that the 

telephone companies must charge, as fixed by the regulatory agencies. 

The alternative concept is described in summary form in 

Table 3-58. Total telephone company services required to be provided 

between the ground relay points are shown in Table 3-59 and are seen to 

be 197, 000 voice channels, whether provided by that number of lines or 

multiplexed on a smaller number. This number is different from the 

230, 000 voice channels provided by the satellite system only because 

average numbers were used in determining the number of towers and the 

number of channels per tower. Exact calculations would result in identical 

numbers of channels. However, even with these approximate numbers, 
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Table 3-58. Alternative Concept Description 

* 	 USES SAMEUSERWRIST RADIOTELEPHONES AS SPACE SYSTEM 

0 	 ESTABLISHES MANY RADIO RELAY TOMERS TO PROVIDE ESSENTIALLY THE 
SAME COVERAGE AS SPACE ALTERNATIVE 

I 	 EXPECTED AVERAGE RANGE TO TOWERS IS 5 MILES 

0 	 INTERCONNECTS THE TOWERS VIA THE TELEPHONE NETWORKS 
- ALL SWITCHING PROVIDED BY THE TELEPHONE PLANT 
- 750OF TOWERS 150-FT HIGH, 25% ON BUILDINGS
 
- 7600 URBANISUBURBAN RELAYS
 

* 	 18 CHANNELS EACH (AVERAGE)
1 50 WATTS EACH (AVERAGE)
 

- 54, 700 RURAL RELAYS
 
* 	 1. 1 CHANNELS EACH (AVERAGE)
* 12 WATTS EACH (AVERAGE)
 

- TELEPHONE LINES ASSUMED TO EXIST WHERE NEEDED 
 IN1990. MAY NOT 
HOLD FOR WILD AREAS 

- A NEW LINE PER TOWER INSTALED 
- 20 MAJOR URBAN AREAS AUGMENTED WITH No. I ESS SWITCHIPROCESSORS; 

REST OF SWITCHING PROVIDED BY LOCAL EXCHANGES 

0 	 90% OF CALLS STAY WITHIN LOCAL EXCHANGE ZONE - CHARGED AT FLAT RATE 

0 	 10% OF CALLS GO OUTS] DE LOCAL EXCHANGE - SUBJECT TO TOLL RATES 

Table 3-59. Telephone Company Services Required 

AREA TERMINALS VOICE CHANNELS TOTAL VOICE CHANNELS
PER TERMINAL (OR EQUIVALENT) 

4 Minimum 

URBAN
 

AND 7,600 18 Average 136,800 

SUBURBAN
 

70 Maximum 

I Minimum 

RURAL 54,700 1.1 Average 60,200 

7 Maximum 
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the alternative system has essentially the same capacity as the satellite 

system, enabling a one-to-one cost comparison to be made. 

3.4.3 Alternative Concept Cost Estimates 

The purpose of this section is to describe the procedures 

for deriving cost estimates of the ground-based alternative, and to present 

the results of the application of such procedures to the ground alternative 

system described in Section 3. 4. Z. 

Table 3-60 contains a summary of the major items of equip­

ment required for the alternative concept, and the basis for estimating 

their costs. In addition it contains estimates of yearly operating costs 

attributable to such equipment. The procedure used in estimating the cost 

of this ground-based alternative required four steps: each item of equipment 

Table 3-60. 	 Ground Equipment Cost Estimate 
(Ground-Based Alternative) 

ITEM-EQUIPMENT y UNITCOST TOTAL($000's) BASIS OF ESTIMATE 

SITE ACQUISITION-GFE 
(INCLFENCING) - PURCHASED 

14870 
10000 6500 65000 

FARMLAND $500/ACRE, URBAN-RURAL $10000/ACRE, AVG COST =$1500 
AVG SIZE = 1/3ACRE, 600 ftFENCE @$101t =6000 +500FOR LAUD 

TOWERS - 150 ItEACH 43670 8000 349360 RECD ESTIMATES FROM LOCAL RAD IO SHOPS 
- LOW 18700 100 18700 ESTIMATE OF HARDWARE AND INSTALLATION 

TRANSCEIVERS - 1.1CHANNEL EA 54756 35200 1927411 SCALED SCIENTIFIC-ATLANTA DATA BY CHANNEL, 

- 18 CHANNEL EA 7614 67500 513945 
$320001CHANNEL

SCALED SCIENTIFIC-ATLANTA DATA BY CHANNEL, 
$3750/CHANNEL 

TOTAL EQU IPMENT 2874416 

OPERATIONS &MAINT /yr BASE 
___ 

UNT 
UNIT 
OR --

YEARLY
AMOUNT 
AMCOUNT($0O00's) 

LEASED SITES 37500 $2400/yr 90000 EXISTING BROADCAST SITES AT $200 PER MONTH 

POWER 197284 chn $110/yr 217 lOW PER CHANNEL 25% OF TIME = 21.9 kWJCHANNEL/yr 

TOWERS 368060 5% 18403 

TRANSCEIVERS 2441356 7% 170895 

TAXES 2809416 2% 56188 

O&A 245703 10% 24570 

TOTAL EQUIP OPS &MAINT/yr 360273 
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Table 3-61. 	 Costs of Alternative Concept for Personal 
Communications 

ITEM 	 RDT&E INVESTMENT OPERATIONS TOTAL 

TOWERS, RELAY EQUIPMENT, 2874 3603 6744 
ANTENNAS, CONNECTION 
LINES, POWER, OPS 
CONTROL
 

(62, 000 TOWERS) 

WRIST RADIOTELEPHONES 5 250 - 255 
(25, 000, 000) 

MAINTENANCE FOR WRIST - 225 225 
RAD IO TELEPHONES 

TELEPHONE NETWORK 70 13800 13870 
AUGMENTATION AND USER 
CHARGES 

TOTAL 	 2949 250 17628 20827 

was identified, the quantity required was established, the unit cost including 

installation was derived by securing estimates from local suppliers or 

consulting pertinent documents, and a basis for estimating the yearly opera­

ting cost of such equipment was established. 
L The costs of the ground alternative system were then com­

puted, and are shown in Table 3-6i. These costs are seen to be dominated by 

the service charges of the telephone network. The bases of these cost esti­

mates were an average channel loading of 32 percent - arrived at by assuming 

a loading of 95 percent for 3 hr/day, 50 percent for i0 hr/day, and 10 percent 

during Ii hr of nighttime; a mix of local to long distance calls of ten to one; 

flat rate charges of $10/month for local lines; 34 cents/min for long distance 

toll calls; 197, 000 channels; and 10 yr of operation. 
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3.5 SPACE/GROUND ALTERNATIVES COMPARISON 

The analysis, definition, and costing of both space and 

ground alternatives performed in the above sections allows a comparison 

of the major alternates to be performed at this point. This comparison is 

performed for technical, cost, and operational aspects. 

3.5. 	1 Technical Comparison 

The space and ground systems were designed to have essen­

tially equivalent performance attaining 230, 000 voice channels nationwide 

Both alternatives utilized the same access technique allowing 100 users to 

timeshare a channel, resulting in 25 million users served by each system. 

There are some major differences however, and perhaps the biggest of 

them is the ability to service wild, highly mountainous, remote and essen­

tially unpopulated territory. The space system has coverage of 100 

percent of the land mass of the contiguous 48 states. By proper satellite 

antenna design, coverage of Hawaii and Alaska could be obtained and inter­

connected to the other states. In the ground system however, it was assumed 

for costing purposes that the number of radio relay towers used is that average 

number required to provide the same coverage. However, there are no 

telephone lines in many of the remote regions nor are there plans to install 

them and the cost of running new telephone lines from the nearest termina­

tion to these wild areas was not priced. One could therefore argue that the 

number of radio relay towers should be reduced to those within reach of 

existing or planned telephone lines in order to make a fair comparison -­

and thus reduce the cost of the ground alternative. If that were done, 

however, then the coverage would not be the same as that of the space 

system, and one could not make a one-to-one comparison. Since one of 

the most attractive features of a wrist radio system is that the wearer never 

loses contact -- even if he goes hiking in the remote high Sierra regions or 

in the middle of the desert, it would seem that the feature of providing 100 

percent coverage is an important one. But to provide such services, new 

telephone line runs would be needed and the cost of the system as computed 
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would be greatly increased. It is likely therefore that a ground alternative 

system will not be able to compete with a satellite system in providing 

coverage of the thinly populated or "backwoods" regions in both cost and 

coverage.
 

Another comparison area in which the ground and space 

alternatives vary is the frequency at which the sets must operate. It is 

desirable to keep the frequency in the htgh microwave region in order to 

make the user set transmitter antenna efficient and yet small. It would not 

be feasible to use frequencies much above X-Band in the spade system, 

because the large satellite antenna diameter required would result in an 

extremely narrow beamwidth, and therefore a much larger number of beams 

to cover the 48 states. Such is not the case in a ground short-range point­

to-point link however, and a great freedom of choices exists for the actual 

frequency to be used. Furthermore, the allocations picture is far more 

favorable ground-to-ground mobile that it is ground-to-space or space-to­

ground mobile there being many more frequencies available within current 

allocations to support such services and even more within reasonable allo­

cation variances. Thus the ground system has an advantage in that it will 

be easier to find frequencies for operation. However, once found there vould 

seem to be little advantage in either, they being very comparable. 

Another important difference between the ground and space 

systems will make itself apparent in urban area communications. The high 

frequencies used virtually ensure that the communications are basically 

line-of-sight and thus nulls , voids, and shadows in the coverage can be 

expected due to buildings and other obstructions in urbanized areas. Using 

a geostationary satellite system, due to the elevation of the satellite above 

the horizon in the U. S. , (which varies from 32 to 45 deg due to the latitude 

of the U. S. ) the angle of arrival of the waves at the earth is fairly steep and 

therefore the shadows produced by buildings are fairly short, and very 

predictable in direction and location. If a user cannot succeed in communi­

cating with the satellite due to building shadows he just has to walk out of 
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the shadow to successfully communicate. Furthermore since there is only 

one satellite, there is only one direction to the shadow. With the ground 

system, however, the longest range coverage is obtained at grazing incidence 

of the wave at the user and at the radio relay tower. Shadows of buildings 

will therefore be extremely long, and in fact, might be so long (and in 

extensively built up areas so common m occurance) as to render city services 

not very useful. It is for this reason that mobile vehicular cellular systems 

were conceived, such as the Bell System's Chicago experiment or Iviotorla's 

system which is about to be tested in the Washington/Baltimore area. These 

systems include multiple antennas and relay points with a spacing as short 

as 1/2 mile and diversity receivers so that a clear communications path 

usually exists by virtue of the diversity of the available paths from the user 

wherever he is. In order for the ground alternative system analyzed in this 

study to compete in the big cities, it might need a greatly increased number 

of radio relay towers, increasing its cost. 

A further difference between the space and ground alternatives 

arising from the angle of radiation at the user is that for the ground system 

there will be much more pronounced excess losses and fading due to inter­

ference between the direct wave and the wave reflected from the ground, 

buildings, and other obstructions; and the depth of those fades is expected to 

be much larger for the ground than for the space system (Ref. 11) To avoid 

this fading, or at least minimize its effects, the frequency of operation of' 

the system must be reduced to the low VHF region (Ref. 12), however, that 

cannot be done and yet obtain an efficient transmitting antenna simultaneously 

as shown in Section 3. 2. Thus the propagation and antenna effects favor a 

high radiation angle which specifies away from a ground system. 

All of the above arguments work against a system consisting 

of ground relay points. An alternative system utilizing balloons for relays 

could be very workable, however, maintaining many of the advantages attri­

buted to space systems in the above arguments. It was not analyzed in this 

study due to the needs either for extensive airborne swtching, or incurring 

telephone network user charges, neither of winch would tend to make it com­

petitive with a space system. 
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3.5.2 Cost Comparison 

The overall cost comparison of the space and ground alterna­

tives is now presented. The reader is cautioned that the above considera­

tions should be kept firmly in mind when assessing the relative costs. The 

overall costs of the two systems were shown separately in Sections 3. 2. 7 

and 3. 4. 3. The total costs of the space and ground systems extended over 

approximately a 20-yr period are shown in Table 3-6Z. The Z0-yr costs 

shown include the costs of research development, test, and evaluation of 

each of the four steps in the development plan discussed in Section 3. 3. It 

also includes operations and maintenance of the final satellite system and 

ground system for a 10-yr period, which includes one space shuttle flight 

and IUS flight per year for the purposes of servicing the satellite on orbit. 

These costs also include the cost of operating th& "precursor" or 

demonstration/test satellites through the 1991 time period. The costs also 

include the RDT&E for the user wrist radio set, as well as the wholesale 

price of 25 million user sets. It was thus assumed that a single agency 

or entity would assume all of the costs including ground and space system. 

This was done so that the total cost of operating the system could be weighed 

against expected income. The costs would not change if a different institu­

tional arrangement were used for testing and operating the system. 

The total costs for the space system are 2. Z9 billion dollars. 

The costs of the ground alternative system computed in the same way are 

20. 76 billion dollars. It must be. pointed out again, however, that the 

coverage is not quite the same for both, or that the costs are low for the 

ground system. By way of comparison the costs charged by the current 

telephone network for the same number of channels and mix of local/long 

distance calls is 13. 8 billion dollars for the same 10 years of operation. 

This number is shown to indicate that more than half of the cost of the ground 

alternative arises from telephone network service charges. 

The second column in Table 3-62 shows the call costs to the 

user. These costs were computed by dividing the total Z0-yr costs by the 
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Table 3-62. Cost Comparison - Personal/Emergency 
Communications 

SYSTEM ALTERNATIVE COVERAGE 
TOTAL 

20-YR COSTS CALLCSTEt 

NET ANNUAL 
PROFIT/LOSS 

FROM OPERATIONS 
(BILLIONS)" (CENTS/MINUTE) CHARGED AT 

13.3 CENTS/MI NUTE 

SPACE Complete Profit ofAll USAV 2.29 0.7 $4.8 Billion 

Incomplete Loss of 
GROUND In RuraWld Areas, 20.76 20 6 on 

$26 BilhonUnderpriced, or Both 

CURRENT 
TELEPHONES Fixed Point 13 8 

Not bile or Portable) Coverage Only (Service Only) 133 0 

Not Including Hawaii and Alaska 
10-Yr RDT&E; 10-Yr Operations and Maintenance, All User Equipment 

. Assumes 37 Percent Average Channel Loading 

number of minutes during the 10-yr period that the system is expected to 

be operating, reduced by a factor to account for the average loading expected 

in the system channels. This loading was assumed as follows. It was 

assumed that the channels would be 95 percent loaded during the peak 3 hr 

a day. The system was assumed 50 percent loaded during 10 hr per day to 

account for off-peak hour daytime use. The system was assumed to be only 

10 percent loaded the rest of the 11 hours of the day to account for very 

infrequent use expected during night-time hours. 

The average channel loading given the above number is 37 

percent or 8.8 hr a day on an average basis. It was further assumed that 

this loading would be seen every day for seven days a week during the 

i0-yr operational period. Using these assumptions, the total investment 
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and-operation costs for the space system can be recouped in a 10-yr period 

by pliarging the user only 0. 7 cents per min of conversation. The equivalent 

number for the ground system is 20 cents per min. A number appears in 

the Table for the approximate average costs of making telephone calls for 

the current telephone network, under the same assumptions of ratio of local 
to long range use, which is 13. 3 cents per min. This number should be used 

with care as it is an "apples and oranges" comparison, since the service is 

neither mobile nor portable, nor as extensive in coverage as either the 

ground or space system, but of higher quality and without time limits. 

These costs to the user represent the breakeven charges with 

which the entire RDT&E and 10 yr of operation and maintenance are paid off 

at the end of the 10-yr period. No profit is assumed and no cost of money is 

included in these numbers. Inasmuch as the space system appears to be 
so inexpensive to operate, perhaps a better measure of how attractive it might 

be to private industry would be to calculate the profit (or loss) available if 

the users were charged at a rate competitive with today 's telephone system. 

Consequently, a column is included in Table 3-62 in which the annual net 

profit or loss is indicated after paying off the total system 20-yr costs, under 

the assumption that the users are charged 13. 3 cents per min of -conversation. 

In this case the ground system would show a loss of 2. 6 billion dollars a year, 

while the space system would generate a profit of 4. 8 billion dollars a year 

(net). The total income in the 10-yr operations period would thus be 48 billion 
dollars for the space system, and represents a return of Z0 percent the 

first year of operation and for every year thereafter (or Zl00 percent in 10 yr). 

This is truly a fantastic opportunity that industry is unlikely to pass up. 
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4. EDUCATIONAL TELEVISION INITIATIVE 

This section addresses the requirements, definition, costing, 

and evaluation of an initiative to provide for the dissemination of educational 

services via communications satellite. It was selected as representing a 

promising application of space whose value has been demonstrated by pro­

jects such as the Appalachian Educational Satellite Project and other 

pro3ects utilizing the ATS6 and CTS satellites. 

4. 	1 REQUIREMENTS 

The requirements against which the system will be designed 

were obtained following discussions with people involved in the dissemination 

of educational television and a review of documentation, references to which 

were provided by these contacts. A document search was also made. People 

consulted were representatives of the Appalachian Educational Satellite 

Project, The National Institute of Education, Corporation for Public Broad­

casting System, National Council for Educational Television, and the Public 

Service Satellite Consortiate. 

4. 	1. 1 Ground Rules and Assumptions 

A series of ground rules, assumptions, and requirements 

was adopted for the purposes of this study. Neither the ground rules nor 

requirements have been reviewed or approved by the people with whom 

discussions were held. They represent the author's best judgement on a 

realistic set of assumptions based on the references and the discussions. 

It must be added that none of the people with whom discussions were held 

admitted to having a good feeling for the proper set of requirements to use 

for a large scale services system in the 1990's. Thus the requirements 
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that will be discussed in this section, and the system concept derived from 

them, represent som6thing much more ambitious than heretofore tackled. 

The most important ground rule adopted is that all 

communications should be direct from program originator to program user 

through the satellite. The use of ground redistribution nodes is to be 

avoided, with program switching to be performed on command by the satel­

lite. All applicable learning institutions in the USA (excluding Hawaii and 

Alaska for the purposes of this study) are to be covered and the time period 

of initial operation be the late 1980's to the 1990's. The information is to 

consist primarily of color television with a TASO grade one picture quality 

or better. This picture quality is rated as "good" by 90 percent of the 

viewers and is only exceeded by studio quality transmission. 

As in the Personal Communication System, the requirements 

were used to synthesize both ground and space systems and their total 

system costs for comparison of space vs. alternate ground systems. Both 

systems would have to be operable in the presence of 10mm/hr rainfall. 

A cumulative outage of less than 10 hr/yr was assumed to be a requirement 

to assure that not too many classes would be cancelled on account of rain. 

Inasmuch as each user would be outfitted with a separate terminal and 

antenna, it is desirable that both be minimized in size and cost. 

4. 1. 2 Definition of Requirements 

The most important classes of services to be provided were 

extracted from the documentation'catalog shown in Appendix C. These are 

listed in Table 4-1 and include general instructional services to schools, 

interconnection of local stations for open universities, a number of public 

TV functions, and other educational dissemination classed under special 

services. Table 4-1 includes a listing of the major functions for these types 

of services. The information in Table 4-1 was expanded to derive the 

requirements of each major class of service in terms of number of sources, 
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Table 4-1. Educational Services 

TYPE FUNCTION 

SERVICES TO SCHOOLS 

-
-

-
-
-

Instructional Aids 
Teacher EducationlDevelopment 
Professional Development 
Information StoragelRetrieval 
Public Information 
Program Development 

- Interconnection of Local Stations 
OPEN UNIVERSITIES -

-
Direct-to-Home Services 
Local Learning Centers 

PUBLICTV 
-

-
-

Broadcasters Intertie 
Program Distribution 
Direct-to-Home Services 

- Wedical Services 

SPECIAL SERVICES -
-

-

Vocational Services 
Services to the Handicapped 
Mgrant Education 

number of sinks of information, from where to where the information is to 

be transferred, the function that it will fill, the type of information and its 

bandwidth, the estimated traffic volume, and thenumber of channels 

involved, per area and total. This information is found in Table 4-2 for 

Table 4-2. Educational Services to Schools 
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Services to Schools, in Table 4-3 for Open University TV services, in 

Table 4-4 for Public TV services, and in Table 4-5 for Special services. 

Table 4-3. Educational Instructional Services 

To OF OF PRIMYFUNCTION FROM NUMIBER NUMBER AN USE INFORNAIOE NUMBEROFCHANNELS 
SOURCES SINKS USERLOCATION AOVAITAGE 

INSTRUCTIONALTV 
G 

OF COLLEGES NOD CENERS *PRO RAMSHARING * 2 WAYVOICE ITOOF STATIONS 
LAL STATIONS POLICYMAKEING * 2 WAY TV TO1CHANNELS 

I NERCONNECIONS COLLEGES 0000 T URBAN 
-

UIVERSITIES UNIVERSITIES SUBURBAN * ADMINISURATION ITS.esharedI 
4 ALOCATIONS INTERTIE 

ACCESSFIRGIONAL TOCENTERS CLNTERS 
ROAD AREA 

2 DIRECT TOLOCAL COUMOES ADD BEA)GRIPHICAI2AND LEARNING 2M000 y0

LEA NING CENTERS TNIVERSITIES CENTERS 1111M DISTRIBUTED * COIINUING .2 WAYVOICE 250 (TV
 
Il),nIYTII 	 EDUCATI . CONIFUTURIZED 250HOTunRUPEUT 

* RECERIlFICATION 	 TUMINALS 4000XO CTIT.S WIT 
OFPROFESSIONALS FACSIMILE2 WAY O REGIONSSHARING 

* BUSINESSSUPPORT . 2-WAY TV CHATEL ADS 
CHANNELS 

3 DIRECTTo HOM ES COULEGES HOMES ion IBM= OGRAPHICALLYDEM0.OUNIVDOSIIES OOSnW l [ DISTRIUIAT . * RECERTIFICATION . 2-WAYVOICE ]OS 
NDCETERSIUOF PROFESSIONALS COMPUTER. AIDTEREMIARSIN G0 
T CENTERS IhS) * CONTINUING * FACSTILE 2 WAY TN00 

EDUCATI * OL-WAYTV IOUQ1 B00ShArIn)OFN 
SORCES 

Table 4-4. Educational Public TV Services 

NUMBEROF NUMBER OF NUMBEROF 
SOURCES SINKS PRIUN'RYUSE NUMBEROF CHAURNEIS! 

FUNCTION FROM TO Nw" 1990 USERLOCATION ADVANTAGE INFORMATION CHANNELS BEGION 

PUBLICTV 

I BROADCASTERSEN STATION STATION 50 SEE0 URBANCENTERS pROGRAT AUDIO 2-WAY TV SO005 o numier 
INTERSTATE pOP ICOK SHARING of M .RTNft 

DISTRIBUTION * REGIONAL BUS ITbe 
ACCESSTO x TOCILANNI I 
BROAD STATION. 
AREA 50 

STUDIO STATIONS SO 50) URBAN CENTERS NETVORK AUDIO 2-WAY V SO TIl studiosI 
POp 'lOOK BROADCASTS A]0 CBANINELS( 

* ERP STATION 

PROCRAW HIT 
MING 

2 DIRECTTOROME hAJOR HOMES 10 TOUMILLION EVERYWHERE- AUGMENTATION AUDIO 0-WAY TV 10 CHANELSI 
STUDIOS DEAOGRAPHIC TO LOWER STATE 

DISTRIBUTION BROADCASTING 50) 
* INCREASESIN 

NBMBEROF 
CHANNELS 

MINOR HOMES SOT 3DMILLION RURAL AREAS TFRINGEAREA AUDIO I-WAYTV 10 CHANNELSI 
STUDIOS PRINCIPALLY ELIMINATION STATE 

* PROGRAM SOT CHANNELS 
ENRICHE,'NT 
IN RURAL 
AREAS 
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Table 4-5. Educational Special Services 

FUNCTION FROM TO 
NUMBEROF 
SOURCES 

NUMBEROF 
SINKS USERLOCATION PRIMARY USE INFORMATION 

NUMBEROF 
CHANNELS 

SPECIAL SERVICES 
" MEDICAL SERVICES)MEDICAL MEDICAL 

HEALTHCARE SCHOOLS SCHOOLS 
EDUCATION AND AND 

HOSPITALSREGIONAL 

1 000 1000 FIXED-
DISPERSED 
NEARMAJOR 
CENTERS 

TELEDIAGNOSIS• 2-WAY TV 
* COMPUTER . 2-WAY 

DATA BANKS INTERACTIVE 
• HOSPITAL TERMINAL 

I aOO 
i 0 

CENTERS BUSINESS . 2-WAY FAST 1 aDD 
EDUCATION FACSIMILE 

" MIGRANT WORKERSDISTRICTS 
EDUCATION 

FIELD 
SCHOOLS 
(Mobile) 

2 0 S ODD MOBILEIN 
SCHOOLSFARMAREAS 
WITH 

• PRIMARY . 2-WAY VOICE 
INSTRUCTION. 2-WAY 
AID FACSIMILE 

5 00 
5 000 

S00 00 
CHILDREN 

BROADACCESS. COMPUTERAIDED 5 000 
FROMRURAL INSTRUCTIONS 
AREA . ONE-WAYIV 50 AT1D 

TEACHER I SHARING 
DEVELOPMENT 

" HANDICAPPED 
EDUCATION 

DISTRICTS DISTRIBUTION 
CENTERSOR 

1600 0 O HOMEORCENTER-. PRIMARY . 2-WAY VOICE 
CENTERSRIDDEN- INSTRUCTION. 2-WAY 

5 000 
5 0 

HOMES OR DEMOGRAPHICALLYAID FACSIMILE 
28MILLION DISTRIBUTED . BROADACCESS. COMPUTERAIDED 5 OG 
PEOPLE FROM RURAL INSTRUCTIONS 

AREA . ONE-WAYTV 5DWAT101 
. TEACHER 1 SHARING 

DEVELOPMENT 

" LAWENFORCEMENT 
EDUCATION 

* OTHER 

Referring to these tables it is seen that a variety of 

information is required depending upon the application, spanning the 
spectrum from two-way interactive televisLon through one-way electronic 

blackboard or facsimile information, to one- and two-way voice interactive 
terminals. Data displays or slow-scan television representing inbetween 

information needs. The total number of channels is seen to be very high 
for many of the requirements. As an example, in services to schools in 
Table 4-Z simply to provide instructional aides to the teachers 160, 000 

two-way voice channels would be required and over 300 one-way TV channels. 
These numbers are large because an attempt is made to feed information 

from every School District or Board of Education headquarters to every one 
of the 65, 000 schools in the U.S. Other requirements in these tables 

similarly reflect the ambitiousness of the job to be done. 

ORIGINAL PAGE IS 
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The information contained in Tables 4-2 through 4-5 is 

summarized in Table 4-6 in which classes of services required by type and 

information bandwidth are collected under the different application headings. 

It is seen that the common denominator among all of these is a requirement 

for television be it one-way or two-way; and the number of television 

channels is very high. In addition, an even larger number of voice, 

facsimile, terminal, and blackboard services are required, the number and 

type varying with the application. In an attempt to simplify even the 

simplified summary information, Table 4-7 extracts minimum typical needs 

for educational services in three classes - one-way TV, or receive-only 

capability, - two-way TV for receive and transmit, and a third category 

that includes voice, fast facsimile, interactive terminals, and electronic 

blackboards. It is seen that a requirement exists for somewhere between 

1000 and 1600 one-way TV channels simultaneously from the school districts 

Table 4-6. Typical Summarized Requirements 

APPLICATION NUMBER 
CHANNELS TYPE 

INFORMATION 
BANDWIDTH 
(Each) 

COVERAGE 

16,000 - 400,000
65,000- 160,000 

2-Way Voice 
2-Way Facsimile 

20 kHz 
200 kHz 

Demographic Distri­
bution 

Services to Schools 65.000 ­ 400,000 Interactive Terminals 100 Hz 
65,000- 400,000 Electronic Blackboards I kHz 

320 - 3,200 One-Way TV 5MHz 

10,000 - 250,000 
10,000 - 250 000 

2-Way Voice 
2-Way Facsimile 

20 kHz 
200 kHz 

Centers of Learning 

Open Universities 10,000 - 250,000 Interactive Terminals 100Hz 

100- 10,000 
400- 4,000 

One-Way TV 
2-Way TV 

5MHz 
10 MHz 

5,000 2-Way Audio 20 kHz Public TV Stations 
Basically Demographic,

Public TV 500 - 5,000 One-Way V 3MHz and Geographical
50 - 500 2-Way TIV 10 MHz Overlay 

1,000 2-Way TV 10 MHz Urban Centers and 
Special Services 1,000 Interactive Terminals 100 kHz Demographic

Fast Facsimile 200 kHz 
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Table 4-7. Extracted Minimum Needs - Services to Education 

NO 	 INFORMATIONTYPE CHANNELS FROM - TO BANDWIDTH 

5MHz1,600 16,000 Districts to 65,000
SchoolsOne-Way TV 

(Receive Only) 1,000 10,000 Universities/Colleges 5MHz 

to Large Learning Centers 

16,000 Districts Intercon- 10 MHz 
160 nected, and for Program 

Distribution to 65,000 
Two-Way TV Schools 

(Receive and Transmit) 
4,000 Universities to 10,000 10 MHz

400 	 Small Learning Centers, 
Demographically 
Distributed 

Two-Way Voice 	 260, 000 Four Interactive Channels/ 20 kHz 
School

Two-Way Fast Facsimile 65,000 One Full-Time Channel 200 kHz 

Two-Way Interactive Terminal 65,000 Per School, Shared Among 100 kHz
Classes and Administration 

1 kHz
One-Way Electronic Blackboard 65,000 

to their schools or from uiiversities and colleges to large learning centers. 

Simultaneously a two-way T V capability somewhere between 160 and 400 TV 

channels exists for interconnection of the 16, 000 school districts for the 

purposes of program interchange and coordination, and to connect 4000 

universities to 10, 000 small learning centers with interactive TV. In 

addition about 260, 000 two-way voice channels and 65, 000 channels each for 

two-way fast facsimile, two-way interactive terminals, and one-way elec­

tronic blackboards would be needed on the basis of one full time channel per 

school shared among the classes and administration. 

Table 4-7 thus represents a set of working requirements that 

establishes the needs to which the Educational TV Initiative System should 

be built. The design philosophy that has been adopted for the purposes of 

this study is to address the requirements of the services to schools, 
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assuming that the system evolved can be duplicated or time-shared for 

serving the needs of the open universities, public TV, or special services. 

This is a fairly safe assumption in that the services to schools requirements 

result in the largest number of channels for one-way TV, and a representa­

tive number of channels for two-way TV for all of the applications. Further­

more, the total number of voice interactive channels, facsimile, terminals, 

or blackboards required is also fairly representative of the needs for all 

the other categories of application. Thus, an interactive voice system with 

260, 000 channels would also meet the needs of all of the other categories 

of application. Thus, the requirements generated would translate to a need 

for about 1600 one-way TV channels, about 160 two-way TV channels, about 

260, 000 two-way voice channels; and 65, 000 channels of fast facsimile, 

interactive terminals, and electronic blackboard. Of these it was felt that 

the last three represented needs that were more uncertain, many of which 

could probably be met by ground networks without too much difficulty. The 

last four needs, in fact, could be met by a satellite very similar to that of 

the Personal Communications satellite design discussed in Section 3. For 

all of these reasons the requirements evolved to a system with the capability 

for 1600 one-way TV channels, 160 two-way TV channels and 260, 000 

channels of interactive voice. 

In order to refine these requirements the network architecture 

is next discussed. To this end the connectivity was established as given by 

Figure 4-1. In this figure it is seen that one-way TV will be used to distri­

bute programs from each school district to its own schools, regardless of 

how many districts occur in the area covered by a satellite beam. Further­

more, two-way channels of TV will be provided between Districts within the 

same beam or area, as well as between Districts in different beams or 

areas for program sharing or real-time distribution. This number of 

channels will probably not exceed 10 percent of the total TV channels. In 

addition, 'but not shown, are two-way interactive voice networks between 
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/- / School School School School 

DISTRICT0 1 ADISTRICT #2 BEAM# 

I . / 

k School School 

S107. 10% 

/ \OTHER 
CODE I LINK INO CHANNELS DITRICT - - BEAMS 

- Two-W ay TV 160 S h o wc 
SolN NO DISTRICTS 16.000 

NO SCHOOLS -65,00 

Figure 4-1. TV School Services 

Districts and schools. The assumption of the existence of spot beams stems 

from a realization similar to that developed in the definition of the Personal 

Communications Initiative that the wide bandwidth of the signals, combined 

with the desire to have small and inexpensive terminals will make the 
satellite necessarily large and complicated and make for a large satellite 

antenna, and therefore resulting in small beamwidth and necessary replica­
tion of the beamwidth by multiple beams to obtain coverage of the required 

areas within the U.S. 

A similar architecture was explored in Figure 4-2 for the 

open universities application in which two-way TV links are provided 

between universities and their small learning centers, and one-way TV 

provided to large learning centers, respectively. Furthermore, two-way 
TV circuits are provided between different universities and colleges for the 

purposes of program interchange. The architecture is fairly similar to 
that of Figure 4-1, as are the number of channels required. The architec­
ture would not change whether a university and its centers were wholly or 

4-9
 



[enter 11-2:.-ICenter #1-] 	 C 

UIEERSITY/OTHER UNIVERSITIESCOLLEGES 

Large Learning Large Learning Large Learning 
Center f1-1 Center #1-2 Center #1-3 Small Learning small Learning Small Learning

Center #2-1 Center #2-2 Center f2-3 

UNIVERSITY)
COLLEGE 

OTHER UNIVERSITIESICOLLEGES 	 #2 

Large Learning Large Lerig Large Learning 
Centr#- Center .2-2 Center #2-3 

0 	 0.00 
-	 1One-Way TV 1 No Large Learning Centers 250.000 

Two-Way TV 1 400 No Small Learning Centers 4,000 

I CODE I LINK NOICHANELSI 	 No UniversitiesColleges 

Figure 4-2. Open Universities 

partially inside of a beam, whether several universities were inside of a 

beam, or whether they were entirely in different beams. 

At this point it became imperative to define the size of beams 

required and their number, coverage, and location in order to develop a set 

of requirements of the number of channels per beam for various beams. 

Information was obtained from the references in Appendix C on the number 

of School Districts, universities, colleges, and schools for each State, 

extrapolated to 1990. The university population was estimated to follow the 

real population growth curve but the total number of schools was estimated 

to remain constant as in 1970, due to the reduction in the birth rate. The 

number of beams required to cover a state and the anticipated number of 

Districts, schools, universities, and colleges per beam were developed and 

shown in Tables 4-8, 4-9, and 4-10. In these tables the assumption was 
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Table 4-8. Beam Requirements - I 

STATE AREA (M5j APPROXSIZE (MI) NO SCHOOLDISTRICTS' NO UNIVERSITIESAND COLLEGES" NOBEAMS NO DISTRICTS/BEAM NO UNIVERSITIES/COLLEGES PER BEAM 

Alaska 586,00 765 29 5 112 1 1 
Texas 267 000 516 1202 184 51 24 4 
California 158,000 400 1125 298 30 38 10 
lybntana 147,000 383 731 18 28 26 1 
New Mexico 121,000 347 89 16 23 4 1 
Arizona 114,000 337 286 27 21 14 1 
Nevada 110,0 331 17 6 21 1 1 
Colorado 104,000 322 181 42 20 9 2 
Wyoming 98 000 313 159 12 18 9 1 
Oregon 97,000 311 351 58 18 20 3 
Utah 85,000 291 40 20 16 3 1 
Minnesota 84,000 289 949 85 16 11 5 
Idaho 83,000 288 115 15 16 7 1 
Kansas 82.000 286 311 80 16 20 5 
Nebraska 77,000 277 1572 40 15 104 3 
South Dakota 77 000 277 711 26 15 47 2 
North Dakota 70,000 264 394 18 14 28 1 

* Estimated 1990 as in 1970 
Estimated 1990 by population growth 

- Populated area with schools estimated at 25 percent o total area 

- 50-mi dia equivalent area beams used 

Table 4-9. Beam Requirements - I 

MI2STATE AREA APPROX NO SCHOOL NO UNIVERSITIES NO NO DISTRICTS/ NO UNIVERSITIES/
SIZE(MI) DISTRICTS* AND COLLEGES" BEAMS BEAM COLLEGES PER BEAM 

Oklahoma 70, 000 264 701 54 14 50 4
 
Missouri 70,000 264 658 103 14 47 8
 
Washington 68,00D 260 325 58 13 25 4
 
Georgia 59,000 242 193 93 11 17 8
 
Florida 58 000 240 67 94 11 6 9
 
Michigan 58,000 240 639 135 11 58 13
 
Illinois 56,000 236 1273 198 10 127 20
 
Iowa 56 000 236 453 76 10 45 8
 
Wisconsin 56 000 236 456 94 10 45 10
 
Arkansas 53 000 230 388 31 10 38 3
 
No Carolina 52, 000 228 152 145 10 15 15
 
Alabama 51 000 225 118 73 10 12 7
 
New York 50,00 223 739 328 10 74 33
 
Louisiana 48 00 219 66 35 10 7 4
 
Mississippi 48,000 219 149 63 10 15 6
 
Pennsylvania 45.00 212 560 210 9 62 23
 
Tennessee 42,000 204 150 84 9 17 9
 

* Estimated 1990 as in 1970 

Estimated 1990 by population growth 

- Populated area with schools estimated at 25 percent of total area 

- 50-mi dia equivalent area beams used 
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Table 4-10. Beam Requirements - TTI 

2 APPROX NO SCHOOL NO UNIVERSITIES NO NO DISTRICTS/ NOUNIVERSITIESI 
STAlE AREA(Ml2 SIZE(MI) DISTRICTS' AND COLLEGES" BEAMS BEAM COLLEGES PER BEAM 

Ohio 
Virginia 
Kentucky 

41,00) 
41.000 
40,00 

202 
202 
200 

645 
129 
193 

135 
91 
52 

8 
8 
8 

80 
16 
24 

17 
12 
7 

Indiana 36.000 189 323 66 7 46 9 
Maine 
So Carolina 
West Virginia 
Maryland 
Vermont 
New Hampshire 
Nbssachusetts 
New Jersey 
Hawaii 
Connecticut 
Delaware 

33,000 
31,000 
24.000 
11,000 
10,000 
9 000 
8,000 
8,000 
6,000 
5,000 
2 000 

181 
176 
154 
104 
100 
94 
89 
89 
77 
70 
44 

246 
93 
55 
24 
253 
153 
374 
569 

1 
175 
26 

24 
67 
33 
70 
26 
28 
177 
84 
10 
69 
10 

7 
6 
5 
3 
2 
2 
2 
2 
2 
1 
1 

35 
16 
11 
8 

126 
76 
187 
284 

1 
175 
26 

3 
11 
7 
23 
13 
14 
89 
41 
5 

69 
10 

Rhode Island 1000 31 40 20 1 40 20 

Estimated 1990 as in 1970 
Estimated 1990 by population growth 

- Populated area with schools estimated at 25 percent of total area 

- 50-m dia equivalent area beams used 

made that the total populated area that contains schools or School Districts, 

if drawn into circular or eliptical areas, would encompass about 25 percent 

of the total area of the state. Furthermore, by examining population 

density curves, it was determined that most of these areas would lie within 

about a 25-mi radius in cities and towns exceeding 50, 000 population. Thus, 

a preliminary conclusion was reached that if satellite beams with coverage 

of 50-mi diameter circles (or the area-equivalent elipses) were generated, 

and covered about 25 percent of the area of the States, that a first approxi­

mation of the required number of beams would be so obtained. 

The number of beams containing a given number of school 

districts were then extracted from the distributions of the previous three 

tables. This information, as well as the distribution of the number of 

universities and colleges per beam are shown in Table 4-11. From this 
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Table 4-11. Beam equirements - Educational TVr 

NO DISTRICTS NO. BEAMS NO UNIVERSITIES NO BEAMS 
PER BEAM COLLEGES PER SEAM 

1-10 140 1-5 364 

11- 50 373 6-10 166 

51-100 55 11-25 70 

101 -200 30 26-50 4 

201 -300 2 51-100 3 

16,000 600 4,000 607 

table it is seen that there are 140 beams with 1 to 10 school districts in each 

and only two with 200 to 300 school districts per beam. Further, the 

distribution of schools in each beam was computed using an assumed distri­

bution, since real data could not be located in the available time. Thus the 

average of four schools per district (given by the number of total schools 

and the number of total districts) was distributed as per Table 4-12 in which 

it is seen that the great bulk of the school districts have 1 to 10 schools with 

only a very small portion of them having more than 10. 
The foregoing tables resulted in the derivation of the total 

number of uplink and downlink channels required for each class of beams, 

shown in Table 4-13. In this table it is seen that the rule is followed in the 

assignment of the number of channels per beam for the uplinks that no more 

than 100 distrLcts should share an uplink channel, and in the school downlinks 

that no more than 100 schools should share a channel. These assumptions 

were fairly arbitrary but stemmed from the feeling obtained in reviewing 

the educational literature in Appendix C. Given those assumptions, the total 
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Table 4-12. Assumed Distribution of Schools Per District 

SCHOOLS PER DISTRICT AVERAGE No. OF DISTRICTS No. OF SCHOOLS
 

1-10 2.75 14,975 41,250 

10-100 20 1,000 20,000 

>100 150 25 3,750 

TOTAL 16, 000 65, 000 

OVERALL AVERAGE = 4 SCHOOLS/ DISTRICT 

Table 4-13. Channel and Beam Requirements 

DEDI DOMNLINKSSCHOOLDISTRICT UPLINKS DISTRICT CATED DOWNLINKS 
TALDaVNLINKS, 

NUMBER SCHOOLSChannels Channels Number of Channels DISTRICTS 
o Tubr 

OF DISTRICTS Number of NumberSchool 
BEAMS' PER BEAM PERBEAM Per Uphnk Per District Per Donnk AND

Beam Channels Beam Downlink Channels Beam Channels SCHOOLS 

140 1-10 1-40 1 140 0 a I 143 140 
(Share School 

Channels) 

373 11-50 41-200 1 373 0 0 2 746 746 
(Share School 

Channels] 

55 51-1O 20I-400 1 55 1 55 4 220 275 

30 1O1-20 401-800 2 60 2 60 8 240 B0 

-2 201-300 801-I202 3 6 3 6 12 24 30 

TOTALS (16,000 (65 121 1370 1491E6 Distrids) SchOOlS) 


NOMINALLY CIRCULAR OREQUIVALENT ELLIPTICAL
50-MILE AREA 
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number of beams is 600, the total number of uplink channels is 634, the 

total number of downlink channels dedicated to schools is 1370, and a total 

number of downlink channels dedicated to districts is 121 making a total 

number of downlink channels to both districts and schools equal to 1491. 

These numbers roughly match the intended 1500 one-way 

TV channels and 400 two-way TV channels shown in Table 4-7. 

The distribution or availability of channels is emphasized in 

the tabular distributions of Table 4-14 in which it is shown that no assignment 

results in the sharing of a channel by more than 100 districts or schools. 

The total channel availability in each beam is further amplified in Table 4-15 

in which it is seen that only two beams have three uplink channels and 

15 downlink channels; whereas the largest number of beams have one uplink 

channel and at most 2 downlink channels, whereas 30 beams have 2 uplink 

channels and 10 downlink channels each. One way of interpreting these 

numbers is to consider that commercial television generally provides less 

Table 4-14. Number of Districts and Schools per Channel 

UPLINKS DOWNLINKS 
DISTRICTS PER DISTRICTS PER SCHOOLS PERCHANNEL CHANNEL CHANNEL
 

2 67 - 100 67 - 100 67 - 100 

30 50 - 100 50 - 100 50 - 100 

55 50 - 100 50 - 100 50 - 100 

373 11 - 50 11 - 50* 20 - 100 

140 1 - 10 1 - 10* 1 - 40 

* Districts Share School Channels 
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Table 4-15. Channels per Beam Summary 

DOWNLINK CHANNELS DOWNLINK CHANNEL TOTAL 
NO. BEAMS UPLINK CHANNEL TO DISTRICTS TO SCHOOLS DOWNLINK CHANNELS

INEACH BEAM INEACH BEAM INEACH BEAM INEACH BEAM 

2 3 3 12 15 

30 2 2 8 10 

55 1 1 4 5 

373 1 0 2 2 

140 1 0 1 1 

than 15 channels in any one service area, whose size is roughly the same as 

the beams for this system concept (in primary service) so the service 

available in those areas with the highest school density is equivalent to the 

entire capacity of commercial television, whereas the capacity in the 

bulk of the beams is equivalent to that of one or two closed circuit TV 

channels. This is further amplified in Table 4-16. 

4. 1.3 Summary of Requirements 

The requirements derived in the above section are summarized 

in Table 4-17. Six hundred thirty four simultaneous TV broadcasts are 

cross-strapped to provide up to 1491 simultaneous dowvnlinks. In addition, 

any 10 percent of the 16, 000 school district headquarters were assumed to 

be able to exchange 10 percent of their program library in real-time with 

other district headquarters, resulting in a two-way TV capability of 
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Table 4-16. Channel Requirements 

LEAST LOADED BEAM­

1 UPLINK CHANNEL FROM DISTRICT 

0 DOWNLI NK CHANNELS TO DISTRI CTS 

1 DOWNLINK CHANNEL TO SCHOOLS 

MOST LOADED BEAM 

3 UPLINK CHANNELS FROM DISTRICTS 

3 DOWNLINK CHANNELS TO DISTRICTS 

12 DOMLINK CHANNELS TO SCHOOLS 

Table 4-17. 	 Requirements, Assumptions, and 
Ground Rules 

* 	 PROVIDE FOR CLASSROOM INSTRUCTION SERVICES IN SCHOOLS - TYPICAL 

OF SYSTEMS NEEDED FOR OPEN UNIVERSITIES, SPECIAL SERVICES, PUBLICly 

* 	 TIME PERIOD LATE 1980s TO 1990 

* 	 COVER ALL USA (EXCLUDING ALASKA AND HAWAII). 50x1O0 MI AREAS AROUND 
600 CITIES > 25,000 POPULATION COVERS MOST SCHOOLS 

* 	 ALL COMMUNICATIONS DIRECT FROM BUILDING-TO-BUILDING THROUGH SATELLITE 

- COLOR TV - TASO GRADE 1 (GOOD) OR BETTER QUALITY 
- 16,000 DISTRICT HEADQUARTERS ORIGINATE 634 SIMULTANEOUS TV 

PROGRAMS (CHANNELS) 
- 65,000 SCHOOLS RECEIVE TV PROGRAMS - EACH PRIMARILY FROM ITS OWN 

DISTRICT
 

- ANY 10 PERCENT OF DISTRICTS CAN EXCHANGE 10 PERCENT OF THEIR 
PROGRAMS IN REAL TIME (160 CHANNELS) 

- 4 CHANNELS OF INTERACTIVE AUDIO AVAILABLE INEACH SCHOOL (260,000 TOTAL) 
- AVERAGE OF 10 CLASSROOMS PER SCHOOL EQUIPPED WITH TV RECEIVERS 

- NOMORE THAN 100 DISTRICTS SHARE AN UPLINK CHANNEL (AVG 25) 
- NO MORE THAN 100 SCHOOLS SHARE A DOWNLINK CHANNEL (AVG. 44) 
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160 channels. In addition, four channels of interactive audio are to be made 

available in each school for a total of 260, 000 audio channels. A last 

assumption is that an average of 10 classrooms per school are equipped 

with TV monitor receivers. Since the average U.S. school contains 20 

classrooms, this means that half of the school classrooms are equipped 

with TV monitors for instructional aid. 

Additional considerations could include the provision of some 

transportable terminals for migrant workers schools and the desirability 

to keep the terminals very small to minimize cost. These, then, constitute 

the specification against which the system concept is defined. 
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4.2 CONCEPT DEFINITION 

In this section the Educational Television Distribution concept 

is defined. The gross features of the concept are shown in Figure 4-3, 

which illustrates the multiple spot beam coverage implied by the requirement 

to cover 600 areas in the U.S., each about 50 mi diameter. The same 

principle as adopted in the Personal Communication system will also be 

adopted for the definition for the Educational TV concept, namely that of a 

single satellite in geostationary orbit that performs interconnection between 

all uplinks and downlinks, as required, without dependence on any ground 

nodes. 

The required facilities for operation and control of the 

Educational TV System are of two categories: 

1. 	 The technical facilities that must be provided to route 
programs originating at School District headquarters to 

* USA COVERAGE 

SCHOOL SCHOOL * 600 AREAS, 50 mi DIA EACH 
o 	ALL CITIESITOWNS >25,000 POP 

ONE-WAY TV FROM DISTIR ICTS% tAUDIO*TV 
TO SCHOOLSISCHOOL SCHOOL 	 e AUDIO IN SCHOOLS* TWO-WAYTWO-WAY IV AMONG DISTRICTS 

s 16,000 DISTRICT HEADQUARTERS 

DISTRICT / BEAM No 1 AND 65,D0O SCHOOLS 
HEADQUARTERS */ALL CONNECTIONS DIRECTk . ' 1 	 THROUGH SATELLITE 

/ 

OTHER I \
 
DISTRICTS .-


SCHOOL \ 
/ [ 	DISTRICT 

/ IHEADQUARTERS . .. I
 

T ' DISTRICT BEAM No N
 

HEADQUARTERS X\I
 
SCHOOL j-AUDI10 

SCHOOL OTHER

\ SCHOOL. 	 DISTRICTS 

Figure 4-3. Educational TV Satellite Concept 
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schools within the district, and to other district 
headquarters. 

2. 	 The facilities, both technical and human, that must be 
provided to allocate and schedule the satellite resources. 

The second item, above, is especially significant for any broadcast system 

that serves the needs of a community of viewers/listeners. To gain the 

benefit of the program material, the schedule of broadcasts must be known 

far enough in advance so that the audience may schedule themselves 

accordingly. While this constraint appears obvious, it is stressed here to 

illustrate the difference between a broadcast network and a personal 

communications network. In a personal communications network (whether 

satellite or terrestrial) the system must attempt in real-time to find idle 

circuits and switch connections to serve the parties (usually only two) 

involved. Provision must be made for busy signals and ringing tones. In 

a heavily loaded system, provision may be made for several priority cate­

gories and for queueing calls. The system may include automatic means 

for limiting call durations and interrupting calls that take more than the 

allocated time. Likewise, other means may be employed to regulate 

network traffic on a real-time basis. 

In contrast, traffic regulation in a broadcast network is 

preplanned and is generally not a real-time requirement. Exceptions exist 

during emergencies, for important events meriting program interrupts and 

for real-time events, such as elections, meriting broad coverage. It 

appears that no machine can adequately handle these exceptions, so that 

overall network supervision and control must remain a human operator 

responsibility. 

Given the advance scheduling requirement, the technical 

facilities for controlling the Educational TV System become relatively 

simple, compared with the Personal Communication System. Districts 

wishing programs from other districts would transmit their plans and 

requirements by auxiliary narrowband voice or teletype circuits to those 

districts and in parallel to a control center. These requests would be 
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approved (or disapproved) by the center based upon availability of satellite 

resources at the desired time(s). An off-line reservation system would 

probably be used to assist these supervisory and scheduling functions, but 

the basic decisions would be made by humans. 

Exceptions would be made in the case of school districts 

broadcasting to their own schools. Sufficient resources could be permanently 

reserved so that districts would retain direct control over programming and 

scheduling of programs to their own schools. In emergencies these dedicated 

channels could be pre-empted by the control center, with or without approval 

by the districts. 

The required technical facilities for control of the Educational 

TV system may be deduced from the foregoing operational considerations. 

There must be a control center that determines channel allocations and 

satellite switching paths. Although these decisions are not normally per­

formed in real-time, the resulting commands must be communicated to the 

satellite to effect control in real-time. Hence, the control center requires 

an uplink and downlink order wire, the former to transmit channel allocation 

and switching commands and the latter for telemetry of satellite communica­

tions payload status. The control center could be controlled by a national 

education agency. In addition, all school districts would be given facilities 

similar to those of the control center, except more restrictive in scope. 

They would be permitted to access other similarly equipped school districts 

through the satellite, but they would not have direct access to any schools 

other than those in their own district. Override control would remain with 

the control center, and would be based on nationally coordinated policies 

and scheduling. More than one control center may be desirable. 

The order wire voice and signaling facilities can be readily 

provided by employing one or more narrowband channels in each beam for 

these purposes. The normal guard band between each FM-TV channel is 

3. 6 MHz wide -- more than ample space for any reasonable number of low 

power narrowband control channels. 
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In summary, the problems of signal routing and network 

control of the Educational TV System are much simpler than in the Personal 

Communications System. The required satellite and ground facilities can 

be readily provided. There are no state of the art constraints envisioned 

in this aspect of the system. 

4. 2. 1 Link Calculations 

The calculations of the required parameters of the link will 

begin with the consideration of the required carrier-to-noise density 

(C/No) ratio for adequate quality television transmission and reception. 

For television transmission, noise is specified as a weighted parameter, 

with the weighting determined by subjective testing. The weighting network 

attenuates noise at the upper end of the video band relative to noise at the 

lower end, since high frequency noise is more annoying to most viewers. 

However, care must be taken to maintain adequate signal-to-noise ratio 

at the color subcarrier frequency. 

Subjective tests using CCI weighting indicate that noise 

becomes just perceptible at levels of 47 to 48 dB below the picture signal, 

excluding the synchronizing pulse. The link budget requirements have been 

based on providing this video signal-to-noise ratio. 

Frequency modulation is used, with signal parameters 

similar to those provided in commercial TV statellite service. The deviation 

ratio determines the FM inprovement factor. The optimum deviation ratio 

for a given C/N ratio is the highest that can be used without requiring theo 

predetection noise bandwidth to widen to the point where the carrier-to-noise 

ratio falls below threshold. The, deviation ratio that permits operation in the 

lowest C/N. environment is that ratio which provides a picture that just 

meets the picture signal-to-noise ratio requirement simultaneously with a 

carrier-to-noise ratio that just meets the threshold constraint. If the 

deviation is increased slightly beyond this optimum value to gain a higher 

FM improvement factor, the required higher noise bandwidth will cause the 
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signal to become sub-threshold. A lower than optimum deviation ratio will 

result in a margLn above threshold, but insufficient FM improvement factor 

to meet the video signal-to-noise ratio requirement. 

Table 4-18 summarizes the important signal parameters that 

must be defined for link budget analysis. The numerical values have been 

chosen to be optimum in the sense described in the preceding paragraph. 

The audio portion of the TV program can be transmitted on 

its own subcarrier with less than a 10 percent increase in total satellite 

EIRP. Accordingly, from Table 4-18 the total (C/N 0 )t requirement has been 

adjusted to 86. 0 dBHz. This requirement has been allocated in the following 

way: 

downlink noLse, (C/No) d = 88. 0 dBHz 

uplink noise (C/N ) = 92. 9 dBHz 

intermodulatLion noise and external interference, 
(C/No) i = 93. 9 dBHz 

Table 4-18. FM-TV Modulation Parameters and 
Threshold Performance 

VIDEO BANDWIDTH 4.2 MHz 

PEAK FREQUENCY DEVIATION 
tone, without pre-emphasis 

(equivalent 760 kHz test 12 0 MHz 

PRE-EMPHASIS ADVANTAGE 
NOISE WEIGHTING ADVANTAGE 

(CCIR Recommendation 405-1 Vol IX, XI IIth Plenary 
Assembly, Geneva, 1974) 

13.0 dB 

RECEIVER PREDETECTION NOISE BANDWIDTH 
(Carson's Rule, 10* guard band) 

36 0 MHz 

PEAK-TO-PEAK PICTURE SIGNAL-TO-RMS WEIGHTED 
NOISE RATIO RELATIVE TO CNR IN PREDETECTION 
BANDWIDTH (above FM threshold) 

39.0 dB 

FM THRESHOLD (nominal) CNR 10.0 dB 

LOSS 
FOR 

IN FM IMPROVEMENT FACTOR AT 10 dB CNR 
IDEAL LIMITER-DISCRIMINATOR 

1.0 dB 

BUDGETED RECEIVER HARDWARE LOSS 1 0 dB 

NET PEAK-TO-PEAK PICTURE SIGNAL-TO-RMS WEIGHTED 
NOISE RATIO AT 10 dB CNR 

41.0 dB 

CARRIER-TO-NOISE DENSITY AT THRESHOLD FOR 36.0 
MHz PREDETECTION BANDWIDTH 

85.6 dB Hz 
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Link budgets as a function of frequency were calculated using 

the above C/N 0 for uplink frequencies from 1. 0 to 30 GH2 and do'nlink 

frequencies from 1. 0 to 20 GHz. At each frequency the 3 dB Antenna beam­

width footprint was taken to have a diameter of 50 mi (minor axis of ground 

ellipse) per the requirements of Section 4. 1. Hence, the spacecraft antenna 

diameter would vary inversely with frequency, from a maximum of 665 ft 

at 1. 0 GHz to 33.3 ft at 20 GHz. An rms roughness criterion of 1/32 of a 

wavelength and a 55 percent illumination efficiency were assumed at each 

downlink frequency band. Since the uplink and downlink bands usually differ 

in frequency by only a small percentage, the resulting estimates of gain apply 

equally to corresponding uplink bands. The exception is 20 to 30 GHz, where 

the uplink band is 50 percent higher in frequency. In that instance, the gain 

at 30 GHz was calculated using the roughness criterion derived for Z0 GHz 
(i.e., / 3/64@f =G30 Hz). 

A rain loss corresponding to a rain rate of 10 mm/hr was 

budgeted for median earth station to satellite elevation angles. A rain rate 

of 10 mm/hr is exceeded by a cumulative total of less than 24 hr/yr, on the 

average, in typical areas on the Eastern seaboard. The rain loss at this 

rain rate would be considerably higher in Hawaii and Alaska because of the 

low elevation angles at those locations, and the resulting longer path 

through the rain. 

It was considered highly desirable that the earth station 

antenna be manually pointed at the satellite to maximize the received 

signal, and then locked in position. It is likely that a pointing accuracy of 

0. 25-deg can be maintained between periodic adjustments. This error 

allowance also includes the errors in sstellite stationkeeping. No auto­

tracking capability at the earth station was initially assumed. It was also 

felt desirable to hold the ground antenna sizes to less than 3 ft for the 

schools and less than 10 ft for the districts, to minimize costs. As a result, 

a significant pointing loss was found at the higher frequencies, because of 

the narrow beamwidths that result fromthe given sizes of earth station 
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antennas. This pointing loss was found to be excessive with the larger 

antenna at 30 GHz and thus precludes the use of such an antenna without an 

autotracking capability at this frequency. 

The downlink budgets are shown in Table 4-19, and the 

transmitter power requirement is plotted in Figure 4-4 for a 3-1t diameter 

earth station antenna. The uplink budget is shown in Tables 4-20 and 4-21 

for a 3-ft and 10-ft ground antenna, respectively, and the transmitter power 

is plotted in Figure 4-5, for earth station antenna diameters of 3 ft and 

10 ft. The reduced requirements with autotracking are apparent in this 

figure for the 10-ft antenna. The 3-ft antenna can be fixed-pointed. 

Table 4-19. 	 Downlink Budget Educational TV 
Initiative 

FREQUENCY GHz
 

10 20 50 10 15 20 

TRANSMITTER POWER dBW PIO P15OUTPUT 	 P_P1 P2 P20 

FEEDLINE dB 0 1 0 4 0 8LOSSES 0 1 0 2 0 6 

SATELLITEANTENNAGAIN dO 63 0 63 0 63 0 63 0 63 0 63 0 
(minor axis- 55mi 7-955% o/X-1132) 

SATELLITEANTENNADIAMETER It 665 0 333 0 1330 665 44 3 33 3 

SATELLITEEIRP dBW 1 62 9 P2 62 9 P5+628 P15+62 4 P2 0+62 2P+ P10+2 6 

FREESPACE LOSS(at 30' elev6) dB 184 2 1902 198 2 204 2 207 7 2102 

RAIN LOSS(Irmmlhr) dB 0 0 0 2 1 5 5 0 9 0 

POLARIZATION LOSS dB 0 2 0 2 0 Z 0 2 02 02 

EDGEOF CONTOUR dB 4 3 4 3 4 3LOSS 4 3 4 3 4 3 

DOWNLINK DEGRADATION MARGIN dR 1 0 1 a 1 A 1 0 1 0 1 0 

1 DOWNLINK LOSSES dB 189 7 195 7 2039 211 2 2182 2247 

GROUNDANTENNA 	 GAIN dB 17 0 23 0 310 40 5 43 0RECEIVE 37 0 
ISItdia? - 55%) 

GROUNDANTENNA LOSS dB 0 0 0 3POINTING 	 0 01 0 6 
(0 25' error)
 

RECEIVING SYSTEM NOISE TEMPERATURE K 90 0 115 0 250 0 575 0 100 0 11900
 
(at feed)
 

GROUNDSTATION NET(GIT) dBI K -2 5 2 4 7'0 9 3 10 2 11 6
 
WITH POINTING LOSS
 

(CIN) d - EIRP - Z LOSSES+ (Gil h -eart dB P1 99 3 P2+98 2 P5 94 5 P10i89 3 P15+833 0 P20+77 7
 
10 IN k
 

TRANSMITTER OUTPUT POWERFOR(CUNo) Watts 0 074 0 095 0 22 0 74 3 2 10 7d 

880 dO Hz 
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Figure 4-4. 	 Satellite Antenna and Transmitter Needs 

Table 4-Z0. 	 Uplink Budget Educational TV Initiative 

3-ft DIAMETER EARTH TERMINAL 

FREQUENCYGffz 

10 20 50 10 15 30 
TRANSITTER POWEROUTPUT dBW P 1 P2 P5 '10 P15 P30 
FEEDLINE LOSSES dB 0 1 0 1 0 2 O04 0 6 0 8 
GROUNDANTENINATRANSMIT GAIN dB 1T0 23 0 310O 37 0 40 5 46 5 
13Itdia, I9-"55% 
POINTING dB 0 01 1 2LOSS (0 25* error) 0 0 0O3 

UPLINK dBW PI+16 9 P2'2Z 9 P5'30 8 P1D+365 PIS+SD6 P30'44 5EIRP 

FREESPACELOSS (30' elev) dB 1842 190 2 198 2 2D42 207 7 213 7 

RAIN LOSS flU MMlhr) dB 0 0 0 2 1 5 50o 16 0 

POLARIZATION LOSS dB O2 O 2 O 2 0 2 02 0 2 
EDGEOF CONTOUR dB 4 3 4 3 4 3 LOSS 4 3 4 3 4 3 
UPLINKDEGRADATION dB 1 0 1 a 1 0 MARGIN 1 O 1 O 1 0 

O PLINK LOSSES (IF 1897 195 7 203 9 211 2 218 2 235 2 

SATEELLEANTENNADIA IT 665 O 333 0 133 0 66 5 44 3 33 3 
SATELLITEANTENNAGAIN dB 63 0 63 0 63 0 63 0 63 0 65 6 
(7" 55$ IX• 1132 at trans freq) 
SATELLIIERECEIVINGSYSTEM TEMP 400 0 410 0 43D0 500 0 600 0NOISE °RK 710 0 
(referred to feed) 
SATELLITE dOI°K 36 9 36 0 37 1(GIT) 37 0 36 7 35 2 
(LIN, I"'EIRP - I LOSSES+-(G/Tsa t - dB Hz P1 92 8 p2+9 7 P5+9w22P10489 9 P15'85 2 P30+75 0 

TRANSMITTER POWER Watts 1 04 2 00 61 7 OUTPUT FOR(CIN,),= 1 02 1 17 5 9 
92 9 db Hz 
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Table 4-21. Uplink Budget Educational TV Initiative 

10 - ft DIAMETER EARTH TERMINAL 

GHz 

10 20 50 10 15 30 
FREQUENCY 

TRANSMITTERPOWEROUTPUT dBW P1 P2 P5 PIO P 5 P3
 

FEEDLINELOSSES IB a1 0 1 0 2 0 4 0 6 0 8
 

GROUND
ANTENNATRANSMIT GAIN dB 21 5 33 5 415 47 5 510 570 
(10ft diameter 55%elf) 

POINTINGLOSSO25' error) dB 0 0 1 0 4 15 3 6 295
 

UPLINK EIRP dBW P1+274 P2+33 3 P5+40 9 P10 456 P15 468 P30 26 7
 

FREESPACELOSSAT30' ELEV dB 14 2 1902 1982 2042 2077 2137
 

RAIN LOSSOOmrnIhr) dB 0 0 0 2 1 5 5 0 160
 

POLARIZATION LOSS dB 0 2 0 2 0 2 0 2 0 2 0 2
 

EDGE LOSS dB 43 4 3 4 3 4 3 4 3 4 3
OF CONTOUR 


UPLINK DEGRADATION dB I 10 1 0 1 0 1 0 10
MARGIN 


ZUPLINK LOSSES dB 1897 19 7 2039 213 2 2382 2352
 

SATELLITE DIAMETER it 6650 333 0 1330 66 5 44 3 33 3
ANTENNA 


SATELLITEANTENNARECEIVE dB 63 0 63 0
GAIN 630 63 0 63 0 630
 
19- 55% IX - I13 at transmit freq)
 

SATELLITERECEIVINGSYSTEM TEMP 400 0 4300 6000 7000NOISE IK 4100 5000 

ireferred to feed) (uncooled Paramp)
 

GIT 	 dBP(K 370 369 367 360 352 345SATELLITE 

- +IGITIsa - 1 1033 P5+102 P154924 


10 Il9 k
 
IRANSMITTER OUTPUT FOR(C/No, Watts 0091 0 095 0 115 0 25 112 67600
 

(CINo)i - EIRP I LOSSES dBHZ PO P2+103I 3 P10499 0 P306546t 

POWER 
92 9dB Hz 

200 POWER PER TV CHANNEL
 
10-ft DIa ANTENNA-

FIXED
 

0 / 	3-ft DIa ANTENNA-
FIXED 

100 

--- ~-3-ft ANTENNA-
AUTOTRACK 

10-ft Dia ANTENNA-
AUTOTRAICK 

010 10 20 30 
FREQUENCY, GHz 

Figure 4-5. User Terminal Transmitter Power 
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4.2.2 Frequency Selection 

A number of factors have to be considered when deciding the 

frequency of operation for the Educational TV system. The two paramount 

considerations are the availability of the required bandwidth since TV signals 

are notoriously broadband, and a very large number of channels is to be 

simultaneously transmitted. A second consideration is the limit placed on 

the flux density that may be delivered by the satellite to the ground, in order 

to avoid interference with fixed ground installations. The latter considera­

tion will be discussed first. 

The ITU has established maximum allowable limits of power 

flux density on the ground from satellite downlinks. These are shown in 

Table 4-22. 

The power flux density on the ground may be expressed as 

(EIRP)sat W/m2 

1 4Trr2 W/ 

Table 4-22. Power Flux Density Limits dBW/m 2 in Bandwidth 

FREQUENCY GHz ELEVATION BANDWIDTH 

0.62-0.79 0-200 200< 8 < 600 600 -900 4kHz062- 9-129-129 +-N8-20) -113 

-2.5-2.535 5 50 <25 25 90 4kHz-154 -154+- -144 

2.5- 2.640 -152 -152 +13( 8-5) -137 4kHz 

3.4-4.2 ) 48-5 
7.25- 7.3j -152 -152+-5 -142 4kHz 
7.3-7.752 

1095-1121 -150 + -5 
-150 -140 4kHz11.45- 117 

12.5- 12.75 -140 -148 + - -128 4 kHz 

17.7-19.7 -115 -115+ 2-5 -105 1 mHz 
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The power flux density within a 1. 0 MHz band is 

P2 - (EIRP)sat W/mZ/lkmz 

4r2 B 

where B is the equivalent bandwidth in IvMHz of the downlink signal. 

An estimate of B may be found from the Carson's rule 

bandwidth. However, a more conservative (in this instance) approximation 

of P 2 may be obtained by using B = ZAF, where AF is the peak frequency 

deviation, since the power spectral density of an FM signal near the edge 

of its Carson's rule bandwidth tends to be relatively low. Since 

AF = 12 MHz, P 2 may be rewritten in dBm units as 

2 )PZ = 10 log(EIRP) sat - 10 log(4r - 10 log BMHz 

For a nominal path length of 40, 000 km and B equal to 24 MHz 

=P2 10 log(EIRP)sat - 163 - 13.8 

= 10 log(EIRP)sat - 176.8 dBW/m 2 

in a 1. 0 MHz bandwidth 

Table 4-23 shows the flux density that would be delivered by the satellite, 

using the EIRP values taken from Table 4-19. 

Note that Table 4-22 gives maximum values, which will be 

realized only when there is zero atmospheric loss, at the peak of the 

downlink beams, without the miscellaneous hardware losses budgeted in 

Table 4-19. 
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Table 4-23. Flux Density Delivered by Educational TV Satellite 

FLUX DENSITY PER 1MHz BANDWIDTH, INdBWIm 2 

FREQUENCY
 
(GHz) DELIVERED PERMITTED (25-90 DEG) 

1 -125.2 -106 (at 0.7 GHz)* 

2 -124.1 -120 (at 2.5 GHz)* 

5 -120.6 -118 (at 4.2 GHz)* 

10 -115.5 -116" 

15 -109 3 -104 (at 12 GHz)* 

20 -104.3 -105 

* Converted from Specification per 4 KHz Bandwidth 

It is seen from Table 4-22 that a flux density delivered for 

the Educational TV satellite never exceeds that permitted above 25 deg 

elevation by more than 0. 7 dB. This difference is considered insignificant 

due to the many assumptions made in the link calculation and the ease of 

slightly reducing the signal-to-noise ratio without material impact on 

picture quality. Thus the conclusion is reached that for satellite transmis­

sion to the contiguous 48 states the flux density limits imposed by the ITU 

are not a factor in selection of the operating frequency of the Educational TV 

satellite. 

The question of the proper operating frequency, then, requires 

a review of the availability of appropriate frequency bands, as well as the 

impact of the operating frequency upon the required satellite antenna diame­

ter and transmitter power. Reviewing Figure 4-4 it is seen that the power 

per TV channel is less than about 10 W for all frequencies of interest, 

whereas the antenna diameter becomes very large compared to conventional 

structures at frequencies much less than 5 or 10 GHz. Note that the antenna 
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diameter remains constant in terms of the number of wavelengths spanned 

due to the constant footprint required for coverage reasons. This considera­

tion drives the operating frequency to above 10 GHz. A review of 

Figure 4-5, however, indicates that for frequencies much above 10 GHz, 

the transmitter power for the ground terminal becomes so high that the 

cost of the terminals will increase significantly unless an autotracking 

10-ft antenna is used at the districts. Thus, whether from the transmitter 
power or autotrack requirements, frequencies below 10-15 GHz are 

preferred by the user terminals. However, a more important consideration 

is that of available bandwidth. The requirements derived in Section 4. 1 call 

for almost 1500 simultaneous TV channels to be transmitted by the satellite 

plus 634 more by the ground. The bandwidth of each TV channel, as 

transmitted in the FM mode, is approximately 36 MHz. Since any one beam 

could contain up to 15 channels, the maximum bandwidth occupancy of one 

beam would be 15 by 36, or 540 MHz. Due to frequency reuse with the 

multiple spot beam antenna, a minimum of three such frequency bandwidth 

regions will be required making the total downlink allocation required 

1620 MHz. The uplinks will require at most three channels per beam, or 

108 MHz. With frequency reuse the total uplink allocation needed is 108 by 

3, or 324 MHz. 

A review of Table 4-24, which summarizes the major 

frequency bands available for satellite use, shows that bandwidths of 

1600 MHz are simply not available in any of the conventional satellite down­

link bands including the 11 GHz down, 14 GHz up bands and are only available 

for operation in the nominally 20 GHz down, 30 GHz up regions. Two general 

areas are available for operation in these broad regions - these are expanded 

in Table 4-25. Table 4-25 shows that for the uplinks the 27. 5 to 29. 5 GHz 

region, which has 2000 MHz of bandwidth available, is the preferred 

operating band though the 324 MHz of bandwidth required could be accom­

modated in either band. For the downlink the 17. 7 to 19. 7 GHz band, which 

also has 2000 MHz of allocated bandwidth, is the preferred operating region 
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Table 4-24. Major Frequency Bands Available 

FREQUENCY SERVICE (USA)
(GHZ
 

0.62 -0.89 TV, Satellite Mobile, Fixed 
1.00- 2 50 Fixed, Navigation, Mixed 
2 50- 2.69 Broadcast Satellite, Fixed 
3 70-4 20 Fixed, Satellite Down 
4 40- 4 90 Fixed, Satellite, Mobile in ITU Reg 2 

Gov, Nay, Sat in USA (under review) 
5.90-6.87 Fixed, Satellite 
6.87- 6.925 Possible Satellite Extension 

6 925 - 7.125 Fixed + Mobile Satellite, Fixed 
7.20- 8.40 Government Only 
8.40 - 8.50 Research 

10.95- 11 7 Fixed, Satellite 
11.70 - 12.2 Fixed, Satellite, Broadcast 
12.50- 14 5 Fixed, Satellite, Nay 
17.70- 19 7 Fixed, Mobile, Satellite 
19 70 - 20 2 Fixed, Satellite, Government 
27 50-29 5 Fixed, Satellite, Mobile 

29 50-30 0 Fixed, Satellite 
30 00-31 0 Satellite, Government 

>31 Various, Mixed 

COMMENTS 

Narrow Band, Flux Limits 
Congested, Narrow 
Broadcast Only, Flux Limits 
Commercial Comsats, Flux Limits 
Lightly Loaded 

Commercial Comsats, Flux Limits 
Commercial Comsats, Flux Limits 
Congested, Mobile 
Congested, Military 
Use for Tests 
Commercial, Flux Limits 
Broadcast Only, No Flux Limits 
Some Flux Limits 
Flux Limits, Rain Attenuation, Broad 
Government Only 
Broad, Some Mobile, Severe Rain 

Attenuation 
Broad, Severe Rain Attenuation 
Government 
Increasingly Available, Broad, but 

Severe Rain Attenuation 

Table 4-25. 	 Major Frequency Choices (for bandwidths 
of = 500 MHz or more) 

POWER FLUX DENSITY LIMITS (ITU) 
FREQUENCY BANDWIDTH AT ELEVATION ANGLES (dbW/M ) 

0-5 DEG 5-25 DEG 25-90 DEC 

UPLINKS 

27. 5-29.5 6Hz 2000 MHz NIA 

29.5-30. 0 6HZ 500 MHz NIA 

DOWNLINKS 

17. 7-19.7 GHz 2000 MHz -115/MHz -115 /MHz to -105/ MHz -105/MHz 

19.7-20 2 0HZ 500 MHz NO LIMITS (NOT SHARED) 
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even though it has flux density limits imposed upon it, since as was shown 

above, these limits do not impose a penalty on the system for operation in 

the continuous 48 states. 

For service to Alaska or Hawaii from a single satellite 

location with longitude over the U. S. , the angle of arrival of the signal as 

seen by the ground would be less than 25 deg and thus the flux density limits 

might be exceeded. A solution, should service to those areas be desired 

from a single satellite location, would be to operate the more limited 

bandwidth services to Alaska and Hawaii in the 19. 7 to Z0. 2 GHz band, 

where no limits are imposed since the service is satellite exclusive, with 

the services to the contiguous 48 states being supplied in the 17. 7 to 

19. 7 GHz band. 

The payload design then proceeds using the 20 and 30 GHz 

bands. This choice is fortuitous since these bands are currently very 

lightly loaded and it should not be difficult to obtain allocatLons for an 

Educational TV satellite system. 

4. 2. 3 Payload Block Diagram 

The communications payload consists of a number of 
transponders - one for each antenna horn - operating through diplexers, 

demodulating the TV channels to baseband, routing the signals through a 

switch, remodulating the signals, and transmitting them through the same 

horns via a diplexer. A block diagram of this satellite payload is shown 

in Figure 4-6. The approximate description of the major elements is as 

follows: 

One Multibeam Antenna. 600 simultaneous but independent
beams. Diameter = 9. 5 m @ 20 GHz, 6.4 m @ 30 GHz. 

600 Diplexers, Filters which separate uplink and downlink 
bands 

600 RF Preamplifiers. Low noise, GaAs FET or uncooled 
paramp. Bandwidth = front end. 120 IHz. Gain = 20 dB 
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gain of IF amplifiers is approxidmately 90 dB. 
654 Channel Separation Filters. Limiter-Discriminator,
thoughe multeriple tagoes ofth ewitchnae esaisedbg
nomina channel separation is 36 Ha z. Includest0 percentguard band. Provides minimum of 30 dB attenuation at 

edges of adjacent channels. Filters to be followed by FM•limiter- dis criminato rs. 

One Video Baseband Snitch. The basic requirement is for
 
a nonblocking switch,with 634 inlets and 1491 outlets. Paths
through the multiple stages of the switch are established by
the Switch Status & Control, which provides the desired
fanout of originating program channels (uplinks) to downlink 
channels in beams to receive coverage. Crosstraps included 
as basic provisions since there are more outputs than inputs. 
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1491 Frequency Modulators. These accept baseband video 
signals and modulated audio subcarriers from the switch 
outlets. Each composite signal is frequency (or phase)
modulated on a carrier frequency provided by the downlink 
frequency distribution unit. Baseband frequency shaping 
networks are provided in accordance with the type of
 
modulator employed and the CCIR recommendations. 

1491 Frequency Multiplier Groups. These accept inputs
from the frequency modulators and provide outputs at the 
downlink frequencies. 

1491 Power Amplifiers. An indivdual power amplifier per
downlink channel is recommended. Since these amplifiers 
can be nonlinear (because FM is used) IMPATT diodes 
(several with combiners if necessary) could provide the 
required power output per channel (-15 W at 20 GHz). An 
alternative would be to provide a common amplifier for 
each beam. This would require up to a maximum of 
15 channels for the highest density beams. Hence this 
option would require linear amplifiers with up to 225 W 
output, which would require advanced technology, and 
therefore is a less preferred option. 

460 Power Combiners. Each combiner can accept inputs 
from up to 15 power amplifiers and sum them with minimum 
losses and interaction. (Note: 140 beams contain only a 
single downlink channel and hence do not require combiners). 

1 Master Oscillator. Quartz crystal with long term 
accuracy of one part in 107.
 

1 Uplink Local Oscillator Generator. With frequency reuse, 
three bands of frequncies are required. The uplink local 
oscillator generator provides three frequencies that are 
spaced in such a way that all incoming frequency bands (from 
any beam) may be heterodyned to a common IF frequency 
band. 

1 Uplink Local Oscillator Distribution Unit. Provides the 
necessary fanout and isolation of local oscillator frequencies 
to the mixer-downconverters. Three frequencies with 634 
total outputs are required. 

1 Downlink Frequency Generator. Generates up to 15 
frequencies per beam at any one of three beam band assign­
ments (45 frequencies, total). 
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1 Downlink Frequency Distribution Unit. Provides the 
necessary fanout and isolation of downlink frequencies to the 
FM modulators. Forty-five frequencies with 1491 total 
outputs are required. 

1 Uplink Order Wire Processor 

1 Downlink Order Wirej For description, see 
Assembly Unit discussion in Section 4. 2. 

1 Central Processor 

4. 2.4 Channel and Beam Connectivity 

The way in which the satellite will allow programs to be 

disseminated among school districts and from school districts to the schools 

themselves needs discussion. It is recognized that the most elemental 

requirement is for each school district to broadcast programming to its 

own schools. This connectivity is illustrated on the left side of Figure 4-7, 

in which each beam operates independently - 634 districts generate 

SATELLITE SATELLITE 
600 UPLINKS 1 UPLINK CONNECTED 
CONNECTED TO 
600 DOWNLINKS, 

TO 600 DOWNLINKS, 
ONE IN EACH BEAM 

CHANNELS ONE PAIR PER BEAM 1 CHANNEL 
FROM CHANNELS FROM ONE I CHANNEL 
DISTRICTS TO SCHOOLS DISTRICT-. I TO SCHOOLS 
IN BEAM IN BEAM I INEACH BEA 

INDEPENDENT MODE BROADCAST MODE 

Figure 4-7. Simple Beam/Channel Connectivity 
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programming material that is broadcast over 634 downlinks - one pair per 

beam. The channel assignments can be entirely independent per beam. 

The uplinks can also be connected up to 1491 downlinks in a crosstrapping 

mode. Alternatively, the satellite can be operated in a broadcast mode 

where a program on one channel in one beam is strapped to 600,downlink 

channels, one per beam. Thus every school can receive the same informa­

tion, which could be a historic event or public event for which real-time 

coverage is desirable. This connectivity is illustrated on the right side of 

Figure 4-7. As another alternative, the uplink can be connected to up to 

1491 downlinks to attain channel redundancy in many of the beams, which 

might be useful in case of equipment malfunctions in some ground receivers. 

Other simple flexibility readily attained is illustrated in Figure 4-8 in which 

districts may broadcast programs directly to schools in other beams; or a 

district can be alone, broadcasting only to schools in its own beam with no 

other beams being active. 

SATELLITE SATELLITE
 
I SOURCE 1 SOURCE
 
CONNECTED CONNECTED 
TO 1 SINK TO 1 SINK 
(600 places) (600 places) 

I CHANNEL 1 CHANNEL I CHANNEL 
FROM A I CHANNEL FROM A TO SCHOOLS 
DISTRICT TO SCHOOLS DISTRICT 

BEAM 1 IZ
 
BEAM2
 

BEAM 3 

Figure 4-8. Simple Beam Channel Connectivity 
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An example of modestly complex connectivity might be as 

shown in Figure 4-9. Four different sources of program material in up to 

four beams are connected through the satellite and made available on up to 

four channels to the schools and districts in one particular beam. Due to 

the 634 uplink channels available, this connectivity can be repeated in 

158 separate, simultaneous, and independent connections to 158 recipient 

beams. In addition, due to the total of 1491 downlink channels available, 

this same information can be sent in any combination on 857 separate and 

simultaneous broadcasts to schools in 442 other beams. This begins to 

illustrate the possibilities inherent in i satellite - switched concept. 

An example of a moderately complex connectivity is 

illustrated in Figure 4-10, it which three channels of information are 

broadcast by the districts of one beam to their own schools, and nine 

channels of programs are added from districts via the satellite switch, thus 

making a total of 12 channels of different program material being simulta­

neously broadcast to schools and districts within a single beam. This 

SATELLITE 

4 CHANNELS FROM 

4 SOURCES CONNECTED -
TO 4 SINKS IN 158 BEAMS, 
PLUS 857 SEPARATE 
SIMULTANEOUS BROADCASTS 
IN442 BEAMS 

2-4 BEAMS 4 CHANNELS TO SCHOOLS 
AND DISTRICTS IN BEAM 

Figure 4-9. Modest Beam Channel Connectivity 
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SATE LLITE1 

12 SOURCES CONNECTED TO 12 

9 CHANNELS FROM 	 HOOKUPS IN 52 BEAMS, PLUS 

BROADCASTS IN5486 BEAMS 	 12 CHANNELS TO 
SCHOOLS AND DISTRICTS 

3 CHANNELS 
FROM DISTRICTS
 
IN BEAM 

Figure 4-10. Moderate Beam/Channel Connectivity 

collection of 12 channels can be repeated independently in 52 simultaneous 
hook-ups, due to the availability of 634 uplink channels. Simultaneously, 

due to the availability of 1491 downlink channels, 857 other channels can be 

crosstrapped to the same uplink programs, and sent to 548 other beams. 

An example of the very complex and flexible connectivity 

possible with this satellite is illustrated in Figure 4-11, -which shows 

collection of up to 15 program channels originating in 5 to 15 different beams 

connected to 15 downlink channels in one beam (or up to 15 different beams). 

This can be repeated in up to 4Z beam locations independently and simulta­

neously. In addition, the rest of the 548 beams could carry up to 857 

program channels sharing the program information orLginated by all the 

other sources with full flexibility for which program is put on which beam. 

Figures 4-7 through 4-11 serve to illustrate the enormous 

power of a satellite of this type. Programs can be broadcast in real-time 
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SATELLITE 
15 UPLINKS FROM 5-15 BEAMS CONNECTED TO 15-DOWNLINK-S IN-ONE 
TO 15 BEAMS - IN 42 INDEPENDENT AND SIMULTANEOUS HOOKUPS, 
PLUS 857 SIMULTANEOUS SEPARATE BROADCASTS IN 558 BEAMS 

15 CHANNELS TOTAL 
FROM DISTRICTS 12 CHANNELS 

IN 5-15 B\EAMSTO SCHOOLS 
IN BEAM 

3CAES 3 CHANNELS 
ODISTRICTS
TOD IT 


NBEAMS
 

Figure 4-11. Complex Beam/Channel Connectivity 

from one source to be received by all districts can broadcast information 

to their schools and not to the schools of other districts, or programs can 

be exchanged between districts and taped or instantaneously rebroadcast to 

the schools of the receiving districts. The net result is that schools in 

disadvantaged areas can reap the benefit of programs existing in taped 

library or line form in more advantaged areas; or national or state-level 

complete program library exchanges can be set up to minimize the total 

outlay for Educational TV programming. The flexibility thus available with 

a switching satellite would probably tax the ability of educational institutions 

to take advantage of such facilities, and lead to rapid growth. 
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4. 2.5 Satellite Segment Definition 

A number of subsystems of the satellite were defined in 
somewhat greater depth in order to allow confident design, performance, 

weight, and cost estimates to be made. These are discussed below. The 
depth of analysis performed is equivalent to that in the Personal Communica­
tions system of Sections 3.2.5 and 3. Z. 6, but the detail shown in this section 

is less, many points being referred to those sections as being fully applicable 

or by analogy. 

4.2.5. 1 Multibeam Antenna 

The satellite antenna is to generate 600 simultaneous spot 

beams. While this is not as many as that of the Personal Communications 
System, this antenna is to operate with very wide instantaneous bandwidth 

at the highly separated frequencies of 20 and 30 GHz. Even though the 

antenna diameter at 20 GHz need by only 9. 5m as determined in Section 4.2.1, 
this is 633 wavelengths, which is almost as large (in wavelengths) as the 

67m antenna of the Personal Communications satellite (1117 wavelengths 

diameter). Furthermore, the mechanical tolerances allowable are more 

stringent by a factor of four, they are about half as stringent on a wavelength. 

The specifications for this antenna are summarized in 

Table 4-26. 

The antenna trades for selecting the preferred antenna type, 

which were performed for the Personal Communications system in 
Section 3. 2. 5. 1, are fully applicable here and the reader is referred to that 

section for the details. These trades resulted in the choice of a multibeam 

lens as being representative of one of the two most desirable antenna types. 

In order to lend uniformity to the initiatives in this study, a space-fed lens 

was adopted even though an offset-fed parabola is also an attractive 

candidate. 
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Table 4-26. Educational TV Satellite Antenna Requirements 

FREQUENCY 20 GHz DOWNLINK (X = 0.015 m) 
30 GHz UPLINK (X = 0.01 in) 

BANDWIDTH 540 MHz PER BEAM (instantaneous) 

NUMBER OF BEAMS 600 

COVERAGE CONUS AT FIXED LOOK ANGLES 

FIELD OF VIEW 0.094 rad EW x0.0652 rad NS 

POWER GAIN PER BEAM 63 dB AT 20 GHz AND AT 30 GHz 

SIDELOBES -45 dB AT MAXIMUM ANGLE OFFSET 

MODULATION FM 

BEAM STEERING 10 mrad 

ORBIT: 
ALTITUDE 35, 871 km 
LATITUDE 0 deg 
LONGITUDE 100 deg WEST 

POLARIZATION CIRCULAR 

RECEIVER NOISE TEMPERATURE 9000C 

ANTENNA SYSTEM NOISE TEMPERATURE 10000C 

MAXIMUM POWER PER BEAM 200 W 

The diameter of the antenna at 20 GHz was determined from 

its required gain from the link calculations performed in Section 4. 2. 1. The 

63 dB gain translates to a diameter of 9. 5 m at 20 GHz, with a resultant 

beamwidth of 1. 92 mrad. This results in essentially the required 50-mi 

footprint on the ground. One difficulty of this antenna design is that operation 

at 20 and 30 GHz is required simultaneously, with the same gain and the 

same footprint at both frequencies. This is obviously impossibly unless the 

diameter of the antenna varies with frequency, and therefore the design 

solution chosen was to populate only a portion of the lens with 30 GHz 

4-42
 



elements in a smaller diameter than the maximum, while populating the 

full lens diameter only with 20 GHz elements. Such a lens obtains the same 

gain and beamwidth at 30 GHz with the inner lens being 6.4 m in diameter, 

while the full lens is 9. 5 m diameter at ZO GEz. 

A very serious problem will be sidelobe control, as far 

sidelobes cannot be less than 45 dB below the level of the mainlobe to avoid 

video interference. Thus the lens has to operate at a I/D of Z or greater 

for adequate sidelobe control at the required number of beamwidths off-axis, 

and the illumination must be highly tapered. The design for the Personal 

Communications antenna could tolerate -15 dB close-in sidelobes and 

-35 dB far sidelobes due to the small signal-to-noise ratio in operation, 

and the digital data stream. Thevideo Educational TV system has no such 

tolerance for interference, and will require stricter sidelobe control, 

digitizing the TV data stream or both in order to allow the great frequency 

reuse expected, with nonadjacent beams being on the same frequency. 

Otherwise more bandwidth will be needed, the system capacity restricted, 

or both. In this study, the matter could not be adequately addressed. 

Therefore, an f/D = 2 design was chosen, though it probably is not large 

enough for adequate sidelobe control. This design requires a feed 

assembly separated from the lens by at least 20 m. The feeds would 

consist of 600 horns fed by waveguides, operating in two orthogonal 

polarizations simultaneously to attain circularly polarized transmission. 

The characteristics of the resultant antenna are illustrated 

in Table 4-27 and Figure 4-12. The weight of the antenna was calculated 

element-by-element and is shown in Table 4-28. The total antenna assembly 

is seen to be very light, weighing only 340 kg. It is likely that this weight 

would not change very much if the lens antenna were replaced by an offset­

fed parabola. The adoption of this lens antenna for the baseband design is 

tentative, pending more extensive sidelobe suppression analyses that must 

be performed. It may well be that the design will be forced to PCM from 
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Table 4-27. 	 Educational TV System Spaceborne 
Antenna Characteristics 

TYPE MULTIHORN FEED AND BOOTLACE LENS fiD = 2 

FREQUENCIES 20 GHz DOWNLINK 
30 GHz UPLINK
 

DIAMETER 9.5 m AT 20 GHz; 6.4 m AT 30 GHz
 

BEAMWIDTH 1.92 (10) - 3 rad AT 30 GHz
 
1.92 (10) -3 rad AT 20 GHz
 

POWER GAIN 63 dB AT 30 GHz
 
63 dB AT 20 GHz
 

NUMBER OF BEAMS 600
 

FEED
 
TYPE 	 CIRCULAR WAVEGUIDE WITH FLARED CIRCULAR HORNS 
DIMENSIONS:
 

FEED DIAMETER 3.7 m
 
HORN DIAMETER 7.3 cm
 
DEPTH 1.5 m
 
WAVEGUIDE DIAMETER 0.88 cm
 

MATERIAL GRAPHITE ALUMINUM COMPOSITE
 

NUMBER OF HORNS 600
 
POLARIZATION 2 ORTHOGONAL LINEAR
 

FM modulation of the video data in order to allow the -15 dB sidelobe levels 

that Appendix A indicates are realizable even for the first sidelobes. This 

would force the use of 44 Mbps PCM modulation per channel, but would not 

require greater bandwidth or a reduction in the number of channels 

accommodated. Furthermore, the linearity of the transponder components 

could be reduced. Thus PCM may be more desirable than FM. 

The tolerances to which the antenna will have to be built are 

about half as those of the Personal Communications system measured in 

wavelengths and equal ±2 cm lens bending, :E4 cm focal plane axial tolerance 

±4 cm radial focal plane tolerance - a not terribly difficult requirement to 

meet. This further substantiates the choice of the lens over the parabola, 

whose dimensional accuracy requirements are more stringent. 
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DIPOLES /ELEMENTS 
FOR 20 aHzONLY 

9 5m 	 9 5m 6 4 mDIPOLESI/ELEENTS 
FOR BOTH 

20 AND 30 0Hiz 

FEEDASSEMBLY 

*HORN DIAMETER - 7 3cm BEAMWIDTH 
" HORN DEPTH = 15cm 192 x ID3 rad AT 20 and 30 6Hz 
* WAVEGUIDE DIAMETER 00 88 cm 
* 	MATERIAL GRAPHITE-ALUMINUM pOAER GAIN 

COMPOSITE 63 0 dB AT 20 and 30 GHz 
" NUMBER OFHORNS = 600 

Figure 4-12. Educational TV Antenna Dimensions 

Table 4-28. Weight Breakdown, Educational TV Antenna 

FEED HORN ASSEMBLY 	 110 kg 
- HORNS
 
- SUPPORTS
 
- WAVEGUIDES
 
- RADIATORS
 

LENS ASSEMBLY 	 32 kg 
- ELEMENTS 
- FILMS
 
- SHIFTERS
 
- COMPRESSION STRUTS
 
- STAYS
 
- MAST
 

SUPPORT STRUTS 	 167 kg
 

- LENSIFEED SUPPORTS
 
- 4STRUTS (SPACE FABRICATED BEAMS)
 

CONTINGENCY 	 31kg 

TOTAL: 	 340 kg 
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4. 2. 5. 2 Switch 

The 	connectivity requirements of the Educational TV satellite 

imply a need for a flexible switch whose connection can be changed by 

program command. Based on the requirements of Section 4. 1, and the 

desired connectivity options explored in Section 4. 2.4, a set of requirements 

were drawn up that are reflected in Table-4-29. The basic requirements on 

this video baseband switch is to connect any one or more of the 634 uplink 

channels to any one or more of up to a maximum 1491 downlink channels. 

Restrictions on the connectivity permitted would be programmed by 

command into the central satellite processor that operates the switch, and 

would prevent disproportionate allocation of resources. An example of 

scrutinized connection might be the request of a district that desires to 

originate two programs simultaneously and to transmit them for national 

coverage. Such a connection would use up 1200 of the 1491 downlink channels 

available thus diverting substantially most of the satellite resources from 

any other use. Clearly a prohibited connection would be a national 

Table 4-29. Educational TV Switch Requirements 

* 	 634 UPLINK INPUTS 

* 	 1491 DOWNLINK OUTPUTS 

I 	 FLEXIBLE CONNECTIVITY - 634 x 634 PORTS 

* 	 AT LEAST 857 OUTPUTS MUST BE FLEXIBLY STRAPPED TO OTHER OUTPUTS 
ON COMMAND 

1-1491 OUTPUTS CAN BE STRAPPED TOGETHER FOR BROADCAST MODES 

* 	 NON-BLOCKING 

* 	 5 MHz BANDPASS SIGNALS 

* 	 REAL-TIME RECONFIGURATION BY COMMAND 

* 	 CONNECTIVITY LIMITS CHANGED BY GROUND PROGRAM 
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distribution of three programs simultaneously, which would require more 

channel capacity than exists 'in the satellite. 

Other ground rules will undoubtedly be drawn up in the 

process of studying the switch in more depth. Such exercises are left to 

follow-on studies. It is certain that manual supervisory control and 

override will be required in addition to programmed connectivity rules, and 
would probably be performed by the personnel in the control center. 

The switch can be constructed as a relatively straightforward 
crosspoint diode switch matrix connecting 634 inputs to 1491 outputs. The 

number of crosspoint connections thus required is 945, 000. A simple 

design concept for the switch is conceived as follows. The crosspoints 

consist of PIN diodes located on printed circuits on 1/4-in centers. This 

allows adequate spacing for shielding and for the coaxial cable runs to and 

from each crosspoint. If all of the connections were to be made on a single 

wafer, the wafer would have to contain about 106 diodes and have 1000 by 

1000 crosspoints. At 1/4-in per center this is equivalent to 250 by 250 in. 

or almost 20 by 20 ft of switch card. This is clearly not a good solution 

because of its size. If the required number of crosspoints are divided 
among 10 wafers in a stack, each stack would have to be 7,by 7 ft; for 30 

wafers, the. size of each wafer drops to 4 by 4 ft; for 100 wafers to 2 by 2 ft; 

for 300 wafers to 1.2 by 1.2 ft; and for 1000 wafers to about 8 x 8 in. 

In order to select a reasonable design, one must allow for 
space between the wafers to accommodate the coak cables leading to and 

from the crosspoint switch diodes and to connect them to the connectors on 

the switch housing. If such separation is assumed at 1 in. between wafers, 

which should be enough space for the cable runs, the total package length is 

under one ft for 10 wafers, 8.3 ft for 100 wafers, 25 ft for 300 wafers, and 

75 ft for 1000 wafers. A reasonable design would seem to be one where 
the switch is divided into 300 wafers - each 1.2 by 1.2 ft, and packaged into 

13 cases, each 2 ft long. 
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Such a package would consist, mostly of foam-filled coaxial 

cable and would probably weigh in the order of 0. 01 lb/in. 3 Since the 
3 3 

volume is 36 ft. or 62, 000 in. , the weight is estimated at approximately 

620 lb. Another weight estimate comes from the average of 50 lb per ATR 

standard package case, of which there are 13 - which roughly matches the 

previous weight estimate. The power consumption of the switch can be 

estimated by an assumption that each diode, when active, requires 100 mW 

of drive power. Since there are a maximum 1491 diodes active at any one 

time, this implies a total power drain of about 150 W. These considerations 

are illustrated in Tables 4-30 and 4-31. 

4. Z. 5. 3 Propulsion and Power 

An initial sizing attempt indicated that the satellite would 

weigh about 8500 lb and would require about 50 kW of power. The power 

estimate came from the requirement to transmit about 1500 TV channels 

at about 10 W per channel, which is 15 kW of radiated RIF power. Since 

the efficiency of RF amplification is estimated at 30 percent, the requirement 

Table 4-3 0. Sizing of Crosspoint Switch for Educational TV 

NO. OF CROSSPOINTS NO. OF WAFERS NO. OF POINTS/WAFER WAFER SIZE, ft 

106 1 103 x 103 20x 20 

106 10 316 x 316 7x 7 

106 30 182 x 182 4x4 

106 100 100 x 100 2 x 2 

106 300 57x 57 1.2x1.2 

106 1000 31 x 31 0.65 x 0.65 
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Table 4-31. Sizing of Crosspoint Switch for Educational TV 

WAFER SEPARATION, 
in 

1 

1/2 


NO. OF WAFERS WAFER SIZE, TOTAL PACKAGE NO OF2-ft 
it LENGTH, It LONG CASES 

1 20x20 0083 1 

i0 7x7 083 1 

100 2x 2 8 3 5 

300 1.2x 1 2 25 13 

1000 0 65 x 0 65 83 37 

1 20x 20 0 083 1
 

10 7x 7 -NOT PRACTICAL­

100 2x 2 -NOT PRACTICAL­

300 1 2x 1 2 12 6 

1000 0 65 x 0 65 37 18 

for DC power is about 50 kW. The power subsystem to generate 50 kW is 

expected to weight in the order of 3, 330 lb in the 1987 time period, using 

15 W/lb as the attainable weight efficiency in that time period. The power 

system would be a modular, solar array/battery combination similar to the 

design of the power system for the Personal Communications satellite that 

was discussed in Section 3.2. 5.5. 

In order to allow for a long transfer time of the satellite 

from low orbit to its final geostationary destination by self-powered ion 

engine transfer, the beginning of life size of the power system was increased 

by 30 percent to allow for the expected degradation due to radiation damage 

during such a transfer trip. Thus, the power system arrays were sized for 

65 kW in low earth orbit, while the distribution, conditioning, and batteries 

sized for 50 kW at beginning of-life in synchronous altitude . This is an 

entirely practical solar cell system, only twice as big as the one already 

flown on Skylab, and therefore clearly state-of-the-art. 
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The propulsion requirements for this satellite were 

examined in a manner very similar to that of the Personal Communications 

satellite in Section 3. 2. 5.4. A number of alternatives were examined for 

transfer of the satellite from low altitude, where it would be assembled by 

the Space Shuttle, to its final destination in geostationary orbit. Three of 

the major alternatives examined appear in Table 4-32. From this table it 

is seen that the satellite can very effectively use its high onboard power, 

needed for communication purposes after it reaches final orbit, for powering 

ion thrusters for effecting the transfer. 

The total weight of the resultant propulsion system is, 

therefore, in the order of 2000 lb compared to 50, 000 lb were a low thrust 

chemical system to be used. The satellite, could, of course, be divided 

into two parts and transferred to geostationary orbit using the IUS system, 

however, the maximum acceleration that the payload would see would be 

about 3 Gs. This is not compatible with the weight of the antenna system 

that was designed to withstand a maximum of 0. 1 G, it being a deployable 

thin film structure. 

Table 4-32. Propulsion Systems for Educational TV Satellite 

PENALLY TO 

PROPULSION SYSTEM* POWER, kW THRUST, b NO OF 
THRUSTERS 

iSP PROPELLANT 
WEIGHT, Ib 

SYSTEM OVERSIZE 
WEIGHT THE POWER
DRY, Ib SYSTEM BY 

TOTAL 
WEIGHT 
Ib 

THRUST 
TIME 
DAYS 

30% 

CURRENT 30 cm ION ENGINE 50 0 535 17 3000 1926 645 867 3436 125 

HI POWER 30cm ION ENGINE 50 0.252 3 9000 595 365 867 1826 246 

2 STAGE LOW THRUST CHEMICAL -

STAGE1 - 2700 1 313 32940 5810 - 387.50 64 mm 
STAGE 2 - 1000 1 300 10750 1900 - 12650 51 mm 
TOTAL 43690 7710 5140D 

ESTIMATED SATELLITE FINAL WEIGHT - 8500 Ib
 
MAX. ACCEL =O 1g, 1000 flsec AV PENALTY
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Undoubtedly the antenna could be redesigned to withstand 

3 Gs without increasing the total weight of the satellite by more than 

20 percent, should the option of using the IUS be de'sired. There is a serious 

disadvantage of using that option, however, in that final assembly of the 

satellite must then take place in geostationary orbit using a teleoperator or 

automated mechanisms, thus precluding the testing of the entire satellite 

in low orbit where the presence of the man in the shuttle allows thorough 

checkout, repair, adjustment, or even redesign prior to committing the 

satellite into transfer orbit. 

The penalty that is paid for self-powered transfer is an 

additional 13 kW of power, which is an added 680 lb. Thus, the total weight 

of the propulsion system using the high-power 30 cm ion engines and 

including the oversizing required to allow for degradation of the power 

system is 1826 lb. As was the case for the Personal Communications 

satellite, the ion thrusters can be used for the transfer, obtaining a good 

degree of redundancy since multiple thrusters are required. Thus, a 

highly reliable transfer system would be so obtained. The attitude control 

system, however, probably should not utilize ion thrusters for two reasons 

(1) the lightest weight transfer system only requires three thrusters, 

which are clearly inadequate for translation and attitude control and 

(2) the power required by the ion engine attitude and translation control 

system would be in the order of 10 kW on-orbit, which would require a 

20 percent increase in the power system of this satellite (where it was a 

negligible increase in the power of the Personal Communications satellite 

for which the ion thrusters doubled as on-orbit control). For these reasons 

a conventional monopropellant hydrazene attitude control system was 

configured and found to weigh 35 lb. Pulsed plasma thrusters were used 

for translation control, however, since only intermittent bursts are 

required for stationkeeping, and the number of engines chosen was six to 

allow for translation along three axes without reorientation. Thus, the 

satellite attitude and translation control system design is a hybrid hydrazine 

and pulsed plasma system. 
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4.2.5.4 Design 

The design of this satellite follows a very similar procedure 

to that utilized for the Personal Communications satellite. The electronic 

components are first sized with the results as shown in the Table 4-33. 

Each component was reasonably carefully analyzed on the basis of large 

scale integrated, fabrication, minimum interconnects, and mounting on 

the largest scale of single light-weight substrates. The estimates result 

in almost 2000 lb for the electronics and antenna and a 50 kW power 

requirement as assumed in Section 4. 2. 5. 3. 

A weight statement for the entire satellite is shown in 

Table 4-34. The total weight for the satellite is seen to be just under 

10, 000 lb. This includes the oversized solar array to allow for degradation 

in the transfer orbit, as well as a 20 percent contingency to reflect the 

uncertainties at this stage of the design. 

Table 4-33. Physical Descriptions of Components - Educational TV 

PERUNIT TOTAL 

ITEM WY DESCRIPTION in 3 b Y it, lb my 

LENS,SUPPORTS600HORNS TO0 70 

DIPICTER 60) ONEPERHIORNIBEM 0 1 001 - 003 6 -

BECEIVWR 60) PRE IP MIXERIDOWNCONVERER 0 2 0 0 0 I 007 12 

ANTENNA I INCLUDES 

INCLUDES 0 06 
IFIVIDEO ANDSUBSTRATEAMPLIFIERS 

CEMODULATOR 634 FMDETECTOR T0 0 01 0 CUT 0.002 0 03 063 0 001INCLUDES 	 FILTERS 
BASEBAND,ANDSTRUCTURE 

SWITCH& CONTROL 1 SWITCHES TO 1491 CONTROL 2 0O 0 G0 200 I I 0 2634 INPUTS 	 200 
OUTPUTS TIMEw PROGRMIIN REAL -

CHANGEDBYCOMMANDINCLUDES SWITCH 62 TI.0 70 0 36 0 70 0 15 
STRUCTURE 
INCLUDES FILTER 0 17UQDULATORI 1491 FMMODULAIOR 02 0 OR 0 I 3 0 15 

MULIPLIER PROGRAMTABLE MULTIPLIER,FREQUENCY 
ANDSTRUCTURE 

TRANSMTITTER 1 351 PER ATRF 3 0 0 I 33 2 3 135 446151 DIODEAMPLIFIERCHANNEL 
INCLUDESSTRUCTURE 

I 11att LINEARAM LIFITERPERCHBANNEL 2.2 0 07 33 018 10ATRE 4 6 
INCLUDESSTRUCTURE 

COMBINER TOTAL460 HIPWR OUTPUTS IN 0 73COMBINES RESULTING - 8 7 
NOT LESS IB6M0 PERCHANNEL11Waits AT RF 
INCLUDESSUBSTRATE 

373 COMBINES @ 15 WICHANNEL 0 2 0 04 2 CHOINELS INPUT 0 02 8 0 

55 COMBINES ( INPUT 001 0.54 CHANNELS15WICTHANNEL 0 I 003 
3 COMBINES I IS WICHANNELINPUT i 0 26 CHANNELS 006 o 0060 ­

12CHANNELS INPUT 02 2COMBINES @ I5W ICHANNEL 002 0 062 - O2 0 V 
FTEQIJENCY 2 634UPtINKSUBCARRIERS 20)0 20 0 206 0 46 40 0 04GENERATES 02/0 

GENERATOR& I FACTORS
491 OONLINiK MIDDISTIBUTES
 
DISTRIBUIOR INCLUDES
CASE 

ASTEROSCILLABOR MASTER SYSTEM 0 	 E202]I GENERATES 	 FREQUENCY EGO 20 023 0 2 

GRAND 4131 5036TOTAL 	 1 9210 
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Table 4-34. Educational TV Satellite Weight Summary 

ITEM WEIGHT - POUNDS 
STRUCTURE I 125AND THERMAL CONTROL 
ATTITUDE (Excludes Reaction Control System)CONTROL 35 

ELECTRICAL POWER 4 480 AND DISTRIBUTION 
Array (65kW) 1,2W 
Array Structure (Including Orientation and Deployment Mech) 1,065 
Distribution and Conditioning 
Batteries 

5 645 
1,510 

ANTENNA 700 
FeedHorn Assembly
Lens Assembly 
Support Struts 
Guide Lines 

242 
70 

368 
20 

COMPUTER(including Heat Pipes) 900 
ELECTRONICS 265 

Diplexers 6 
Receivers 12 
Demodulators I 
Modulators Multiolies 30 
Transmitters 145 
Combiner 9 
Frequency Generators 
Master Oscillator 

0 
20 

Miscellaneous 2 

PROPULSION ANDREACTION CONTROL 915 
Propulsion and Reaction Control System (dry) 110 
Propellants and Reactants 805 

WIRING 10C 
CONTINGENCY (20 PER(ND 1,280 

SATELLITE GROSS WEIGHT 9800 

A layout of the satellite is shown in Figure 4-13 in which the 

most apparent structures are that for the multibeam antenna and the large 

solar arrays. The picture of a man is shown to the left of the lens of the 

antenna simply as scale comparison. The structural and modular design of 

the satellite would be envisioned very much as that of the Personal Communi­

cations satellite, to consist of a structure upon which would be mounted the 

horn clusters, the back of which would hold the electronic packages and 

propulsion packages. Similar modular packaging for on-orbit replacement 

and servicing, as shown for the Personal Communications satellite design 

in section 3. 2. 5. 6, is employed here. The lens antenna itself unfolds, as 

does the Personal Communications satellite antenna, from a deployable 

package of minimal dimensions. It is connected to the main structural 
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a0 0 

Figure 4-13. Educational Television Satellite 

frame by three extendible beams of the "Astromast" variety, and stabllized 

by guy wires. The solar cells are gimballed on extendible masts to avoid 

sun shadowing due to the lens near eclipse. The full size of the arrays :s 

not shown due to the scale of the drawing. Small components such as the 
hydrazene attitude control system could not be shown in this scale drawing. 

An oblique view of the satellite in an artists' concept is shown 

in Figure 4-14 in which the two most apparent features to be pointed out are 

the m:Lrror image of the USA in the shape of the feed horn assembly, and the 

attempt to show the dual-frequency antenna design, with the inner portion 

of the stretched membrane lens containing both sizes of crossed dipole 

elements, while the outer portion contains only the larger crossed dipoles. 

The man is not necessary for assembly or servicing although certainly is 

an option to be investigated for the assembly in low orbit, but is shown for 
scale comparison only. 
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Figure 4-14. Educational Television Satellite 

In contrast to the very large satellite of the Personal 

Communications system, this satellite can be packaged entirely in a single 

Shuttle Orbiter flight. A simple attempt at packaging resulted in Figure 4-15 

proving the point, without claiming any optimization. 

Whereas the design for the Educational TV initiative is not 

claimed to be unique or optimum, it probably serves to illustrate the 

magnitude of the task and to give a feeling for the technology and techniques 

required. This design is felt to be thoroughly practical in the late 1980 

time period, requiring no technology breakthroughs and only extensions of 

currently understood techniques. The biggest need is for large numbers of 

components, as opposed to new highly demanding components, and for a 

multibeam antenna larger than has been designed previously. 
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SOLAR ARRAY AND
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EXTENDIBLE STRUCTURECANSCONTAINER 

Figure 4-15. Educational TV Initiative Components Packaging 

4. 2. 6 Ground Segment Definition 

The ground segment for the Educational TV initiative has 

three portions: 

1. 	 The control center that operates the satellite. 

2. 	 Ground equipment used by schools for receiving the programs. 

3. 	 Equipment used by districts to broadcast the programs to 
the schools and interchange information within other 
districts.
 

This equipment is illustrated in Figure 4-16. The first item to be discussed 

is the equipment to be located in a typical school. As indicated in the link 

calculations of Section 4. 2. 1, the school receiver can consist of a 3-ft dia 

fixed-pointed antenna on the roof of a school building. A multichannel 

receiver would be fed from a diplexer, coupling anywhere from 1 to 12 TV 
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Figure 4-16. Educational TV Terminals 

channels to a distribution panel, depending on the size of the school. The 

distribution panel would then feed individual programs to TV monitors 

located in the classrooms. The average school would contain 10 TV 

monitors. In addition, to allow for voice-interactive instruction, a 

4-channel voice amplifier would be provided, feeding voice bandwidth trans­

missions through the diplexer to the antenna to communicate through the 

satellite. This voice transmitter is a low-power narrowband system, and 

the signals can be handled by the satellite switching network by tuning the 

voice transmissions to result in baseband information in the satellite just 

adjacent to the video information being sent to that school. Thus being 

switched simultaneously with the audio portions. It is envisioned that the -

TV monitors would be commercial TV sets with no modification whatsoever, 

and the only special purpose equipment would be a simple distribution panel, 
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the receiver, diplexer, voice transmitter, and the antenna. Sixty-five 

thousand of these sets of equipments will have to be procured. The receiver 

can have a low cost front-end with noise characteristics typical of an 

uncooled FET diode. 

A typical school district will have a two-way system with a 

10-ft dia auto-tracking antenna, probably operating in the step-track mode. 

A diplexer feeds a receiver similar or identical to that of the schools, which 

connects to one or more TV monitors in the control center expected to be 

allocated in each School District. Video recorders are optional, allowing 

delayed transmission of material. Video casette players would be used to 

broadcast tape libraries to the schools upon request, which would feed a 

6-W 30 GHz transmitter capable of broadcasting up to three channels, 

although tuning to any three of 15. In addition, a microphone would be 

available for allowing two-way audio interactive discussions in real-time, 

as well as coordination between districts through the audio system of the 

monitor and the order wire to the control center. Two-way interactive 

voice programs in conjunction with live TV, such as a famous professor 

presenting a lecture through a nationwide patch, would be handled by either 

patching a studio or a classroom into one of these transmitters or by 

packing the entire equipment into a small van and transporting it to the 

vicinity of the classroom. Sixteen thousand of these District terminals 

would be required, plus a small number of mobile or portable terminals 

to handle live patches. 

The control center required for operating the satellite would 

be similar to that of the Personal Communications initiative control center, 

except it would not be as complex. The center would keep track of the 

satellites' ephemeris, command stationkeeping functions, monitor status 

plus health, determine servicing and maintenance flight requirements, and 

operate the backup equipment required to keep the satellite operating until 

a maintenance flight can be made. In addition, the control center would 

load the switching program into the satellite processor by command, 
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maintain a channel assignment control in real-time to override the processor 

when needed, and bill users for the air time of their programs, if that is to 

be the philosophy of operation of the system. The number of hours of 

channel assignment to any one district is known by the satellite processor, 

and the operating costs of the satellite can be apportioned among the using 

districts in accordance with the time that they use the satellite, divided 

evenly among all users, or other options depending on the using agencies' 

intent. Although only one control station is needed in the USA, it may be 

desirable to have more than one for backup purposes, depending upon the 

chain of command. 

4.2.7 Cost Estimates - Educational TV System 

Cost estimates for the space-based Educational TV system 

are presented in this section. The procedures used in generating satellite 

cost estimates are based on the SCM and subsystem CERs described in 

Sections 3.2.7.1 and 3. Z. 7.2. 

'4.2. 7. 1 Educational TV Satellite Cost Estimates 

The full-scale satellite for TV broadcast is preceded by a 

concept demonstration system. The rationale is described in Section 4.3, 

Development Plan. The SCM output for that satellite is reflected in 

Tables 4-35 and 4-36. The full-scale satellite was estimated by applying 

subsystem and component CERs to the weights provided by Table 4-37; the 

cost estimate is given in Table 4-38. The satellite cost is seen to be about 

$60 million, preceded by $156 million for RDT&E. 

4.2. 7.2 Ground Segment -- Educational TV System 

The ground portion of this TV initiative consists of the 

antennas, receivers, transmitters, distribution panels, diplexers, casette 

players, TV monitors, and microphones located at the schools anddistricts. 

The cost estimates for each item of equipment, the quantity of each, and the 

basis for the estimates are shown in Table 4-39. In addition, yearly 

operations cost estimates are provided in the same table. 
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Table 4-35. Educational TV Concept Demonstration 
Satellite Cost Estimates 

NCS-l-3A EC TV 

* * * * ASSEPBLY DESCRIPTIChS * * * * 

STABILIZATION AND CONTROL 
UNIT UNIT DOTE VtHICLE VEHICLE 

INEET TYPE 40. WEIGHT POWER FACTOR D.E. COST T.E. COST PROD. COST ENG. COST203 VALVE DRIVER ASSY 1 1.6 5.9 1.00 165834. 15851. 25685. 0.
 
3C3 SUN SENSOR 1 .3 .0 1.00 116150. 14519. 18541. 0.
 
4C3 NUTATION DAMPER 1 2.8 0.0 1.00 77256. 15984. 17010. 0.

6C3 CONTROL ELECTRNCS 1 7.4 3.5 .OC 1071594. 447818. 290184. 0.
 
bC6 EARTH SENSOR ASSY 2 4.1 1.0 1.00 397432. 153300. 216465. 158800.
 

1413 POWER CONVFRTER 1 15.9 0.0 1.OC 0. 0. 0. 0.
 

*LYILIAPY PROPULSI3N
 
UNIT UNIT OCTE VEHICLE JEHICLE
 

ILNT TYOE 'G. WEIGHT POWER FACTOR 0.E. COST T.E. COST PROC. COST ENG. CST 
834 THRbSTER 8 .7 .1 .1C 13754. 45762. 77273. 76092. 

IOTA PROCESSING AND INSTRUNENTA TI N 
LIN UNIT
PE tiT OCTE VEHICLE VEHICLE

IC~NT TYPE '0. WEIGHT POWER FACTOR D.E. COST T.E. COST PROD. COST ENG. COST
 
2C3 DIGITAL TELFHETRY 1 8.9 3.0 1.00 447801. 139061. 177581. 0.
 
403 COU 1 12.3 7.5 1.00 1558932. 47819. 61065. 0. 

CrperINICATIONS
 
UNIT UNIT DOTE VEHICLE VEHICLE

ICFNT TYPE 46. WEIGHT POWER FACTOR D.E. COST T.E. COST PROC. COST ENG. COST 
1C3 BASFBhO A"SY CHIT 1 2.0 .5 1.00 44622. 16117. 36060. 0.
2C2 ANTENNA 1 e.4 0.0 1.00 349517. 137063. 75778. 0. 
3C6 TgAN$SITTER 2 2.1 10.9 1.00 152260. 47779. 139515. 6041.
4C1 RECEIVER 1 3.9 6.3 I.OC 77256. 24775. 39973. 0. 
5C3 CONAND SIG CON 2 1.5 .9 1.00 20153. 30796. 41640. 6053. 
6C3 DIPLEXER 1 3.1 1.0 1.00 57409. 15451. 219q2. 0.
62C ANTENNAIO FT 1 175.0 0.0 1.00 5084244. 1332000. 2551446. 0.
6?! SWITCH UNIT 1 75.0 100.0 1.00 2730600. 2664000. 3742121. 0. 

tL'CTQICAL POWER 
UNIT UNIT DOTE VEHICLt VEHICLC
 

EEET TYPE 10. WEIGHT POWER FACTER G.E. COST T.E. COST PROD 9ST ENG. OST
 
210 8ATTERY 2 21.0 0.0 .10 2530§. 2043C. 7 5 513. 

tCLIPMENTS USINC CJST tSTV4ATING RELATIONSHIPS 

ODTL VEHILE VtHICLE
 
-AME ILIGHT FACTCR 0.E. COST T.E. COST PRUE. COST ENG. COST 

SCLAR ARRAY 53.6 1.OC 621537. 91452. 233593. 0. 
WIRING HARNESS 47.8 1.0( 217962. 128223. 173453. 3.
 
TFPEVAL CONTPCL 30.4 1.00 833632. 110992. 114082. 0.

PCWER CCNVERTUPS 15.9 1.30 590016. 36756n. 234718. 9.
 
FRCPUL I3N FEO SYS 34.3 1.00
2 558139. 2q6332. 252305. a.

STQLUCTUR 232.6 1.00 1454788. 1116260. 712810. 9.
 
PEWR CONTROL UNITS 66.6 1.00 464591. 298965. 381820. 3.
 
SAIFLLITE ADAPTER 45.7 1.00 65877. 34526. 36997. 9.
 

PFOPELLANT hEIGHT 115.0
 

VISSION EOUIP WEIGHT 0.0 TOTAL SATELLITE sEIGHT 9q9.9 
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Table 4-36. 	 Educational TV Concept Demonstration 
Satellite Cost Summary 

NC5-1-3A ED TV 

(MILLIONS GE 1977 D)LLARS)
 

--------- DDT+E --------- ------------ RECURR4G---------­
'LSIGh TEST ANC TOTAL PP3fUCTION FAB AO ITAL
 

SLESYSTEM COST ENGINEERINC EVALAIIGN 0DT+E 9\GNEERING ASSEMBLY g2CUF.RING
 

STFULIIE 	 2.6 1.6 4.2 0.0 1.1 1.1 
THERUAt CONTROL 	 1.4 .2 1.6 0.0 .2 .2
ELECTRICAT POWER 	 3.3 1:3 4.5 1 1.b 1.6 
LurrLNICAiONS 	 14. . 20.4 1i9 4.4 9.6
CAIA FjANCLINC 3.4 .3 3.7 C.0 .3 .3 
STl7 ILITY .D CCNTkOL 3.1 S; 4.0 .3 .6 1.1 
ALXILIARY PREO!ULSI N 1.0 .5 1.4 .1 .5 .6 

SPAJCECRAFT 	 29.2 10.5 39:7 .6 13.8 14.4 
elS ICN :OpbINP:NT 	 0.0 0.0
 

SAIELLITE 39.7 14.4 
OUALIFICATION UT(S) 0.0 
GSE (ACE) 	 2.4 .6 
CLiRAC TOR FEE 3.0 1.1 
LALN-S TE SUPPORT 


ILIAL SATELLITE 	 45.1 16.1
 

AVERGE UhIT COST ( 1 SATELLITES) 	 16.1 

TCIAL SATELLITE DDT E A'0 
9,CPRPING InST 	 61.2
 

4.2.7.3 Life-Cycle Cost 

For the Educational TV system, life-cycle costs include 

(1) the Concept Demonstration Satellite launched into geosynchronous orbit 

by a Shuttle and IUS (shown in Tables 4-40 and 4-41), (2) the Technology 

Demonstration portion of the full-scale TV satellite launched to low orbit in 

a shared mode on the Shuttle (Tables 4-42 and 4-43), (3) the balance of the 

modules required for the, full-scale TV satellite launched to low orbit on a 

shared Shuttle flight (Table 4-44), (4) on-orbit maintenance calculated at 

8 percent of unit cost with launches on a Shuttle and IUS every other year 

(Tables 4-45 and 4-46), (5) mission control including $50 million for 

equipment and $7 million annual operation cost (Table 4-47), and (6) ground 

equipment -- acquisition and operation (Table 4-48). Total program life­

cycle cost is given in Table 4-49 and is shown time-phased by fiscal years 

in Table 4-50. User costs by equipment, by district, school, and system 

are given in Table 4-51. 
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Table 4-37. Educational TV Satellite Weight Breakdown 

STRUCTURE 


BASIC STRUCTURE 
SOLAC ARRAY OR IENTATION 

THERMAL 

ELECTR ICAL POWER 

ARRAYS 

BATTERIES 

POWER CONTROL 

WIRING 


ATTITUDE CONTROL 

PROPULS ION 

N9H THRUST SYSTEM 
INHRUST SYSTEM 
PROPELLANT 

MISSION EQUIPMENT 

COMPUTER 
TRANSPONDERS 

FREQ GENERATORS 
MASTER OSCILLATOR 
ANTENNA 
ANTENNA FEED 

TOTAL SATELLITE 

BASIC 

1990 


(925)
 
(1065) 

200 

3515 

(1260) 
(1510) 
(645) 
(100) 

35 

30 
80 

805 

900 
200 

40 
20 

458 
242 

WEIGHTS ([B) 

WICONTINGENCY 

2300 

200 

4040 

50 

35 
120 
895 

1035 
230
 
50 
25 

525 
275 

9800 
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Table 4-38. Educational TV Satellite Cost Estimate 

STRUCTURE 

THERMAL 

ELECTRICAL POWER 

ALTITUDE CONTROL 

N2H4 SYSTEM 

ION SYSTEM 

COMPUTER 

TRANSPONDERS 

FREQ. GENERATORS 

MASTER OSCILLATOR 

ANTENNA 

ANTENNA FEED 

SUBTOTAL 

TOTAL (JNCL GSE, LAUNCH 
OPS SUPPORT, AND FEE) 

(THOUSANDS OF 1977 DOLLARS)
 

DDT&E UNIT 

30250 8460 

4490 543 

32250 16537 

6605 1615 

1525 536 

4140 1794 

23968 7888 

3852 1592 

3752 2313 

2989 725 

16860 2657 

7250 10267 

137931 54927 

155862 60420 
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Table 4-39. 	 Educational TV System Ground Equipment Cost 
Estimate (Satellite-Based Alternative) 

I T E -E QI P ] Y I $ 000 's )M NT 	 C O S TITEM-EQUIPME OW UNIT TOTAL BASIS OF ESTIMATE 

ANTENNA, DISTRICT- 1Oft 16100 5500 88000 REF2+$1000FOR INCREASETO30Giz 
ANTENNA, SCHOOL - 3it 65WO 880 57200 REF 2 
RECEIVER, DISTRICT-2chnl 32000 550 17600 REF. 2 '$901CHANNELFOR INCREASETO30 Hz 
RECEIVER, SCHOOL - 3112 chn. 227500 500 113750 REF.2 + 901CHANNEL FOR INCREASE TO 30 GHz +QTY EFFECT 

TRANSMITTER, DISTRICT­
1 1/2chnl 23500 12300 289050 REF. 2 

TRANSMITTER, SCHOOL- I chnl 65000 175 11375 ESTIMATE 
DISTRIBUTION PANEL 65000 600 39000 REF.4 
CABLES &INSTALL 65000 720 46800 REF4 
CABLING (DISTRICT) 16000 100 1600 REF 4 
CASSETTE (PLAYERIRECORDER) 81000 1000 81000 OFF-THE-SHELF 

TV MONITORS, DISTRICT (2EA) 32000 500 16000 OFF-THE-SHELF 
(INCL MICROPHONES) 

TV MONITORS, SCHOOL (12 EA 780000 400 312DO0OFF-THE-SHELF 
(INCL MICROPHONES) 
TOTAL GROUND EQUIP. 1073375 

UNT YEARLYUNIT YAMONBASEOPERATIONS &MAINTyr OR % 	 AMOUNT 

($000's) 

ANTENNAS 	 1452DO 5% 7260 
TV &CASSETTE EQUIP 4090DO 10% 40900 

ELECTRONICS EQUIP. 519175 7% 36342 
PaVER 	 1063500 kW $1COkW/yr 10635 BASED ON 4 hr OPERATION PERDAY, 200 dayslyr 

94137 10% 9514 
TOTAL GRD EQUIP OPS &MAINTIyr 104651 

Table 4-40. 	 Educational TV (Concept Demo) Payload
Program Cost (millions of 1977 dollars) 

SUBSYSTEM 
STRUCTURE 

WEIGHTS 
OPY TOTAL 
308 308 

OTHERINPUTS 
TYPE, ENO 

COST FACTOR 
0EV PROD 

1 000 1 008 

BASIC 
ROTE 

7 

AVG 
MIT 

2 

FIPST 
UhIT 

COST ESTIMATE 
ROTEINVEST OR TOTAL 

7 9 
RIACTPTCAI 0 S' ..L'TTS.1fl 1 n1r I non 
TPACfII.,CCtM.tD 
STABILITY,CCJTROL 

ZO3 
20 

298 ALT. 
20 TYPE, 

SYNC 
3-AXIS 

1 000 1 000 
1 000 1 000 

27 
4 

11 
1 

Z7 
4 

11 
1 

38 
5 

PPOPULSION 
SORMACQAST 

34 149 TOT IMP(LIO
1000 

1 000 1 000 2 
S 

1 
lA 

2 
41 

1 
1 

3 
Al 

,ISSIO'. EUIpMENT 0 0 COMPLXTY,LOA 1 000 1 000 
SATELLITE 885 1000 45 16 45 16 61 

AGE 0 000 
L- IIIPPOT 0,non 
IISCELLA'NEOUS 

SE AID TO 
RELIABILITY EFF 

TOTA, 4 'A 

FISCAL YEAR 
 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
DESIGNS AIJQREDESIGNS 
SOACCOFT 	 1 00 
MISSION EGUIRNEIIT 

SATELLITE SCHEDULE
 
HEW (EXPE DABLE 11
 

FISCAL YEAR 1978 1979 	1980 1981 1981 1983 1984 1985 1986 1987 198081989 1990 1991 1902 1993 1994 1995 199o 1997 1998 1999 2000 TOTAL
 
FUNDING
 

ROTE 11 25 9 
INVESTIIENft 4 9 3 
OPERATIONS
 
LOSSES
 
TOTAL 15 34 1?
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Table 4-41. 	 Educational TV (Concept Demo) Launched from ETR 
Individual Program Cost Breakdown Through 2000 
(millions of 1977 dollars) 

FISCAL PAI LOAD LAMCHNVEHICLE TRAFFIC PROGRAMCOSTS 
YE.R TRAFFIC A B C 0 E F G PAYLOA3 COSTS LAUN:H VEHICLE COSTS FROG 

h R a1 0 

1975 
I7 

1012 
1 1 I 

'3 
4 

9 1146 
1 

3o 

8 

9 

8 

9 

23 

4 

136 

1 '$0 
t39 
1Y'O 
1051 

1992
 
1993 

1994 

.097 
1913 
iCCI 

TOTAL 1 0 1 0 	 45 10 61 25 15 66 

Table 4-42. Educational TV (Technical Demo) Payload Program 
Cost (millions of 1977 dollars) 

WEIGqTS COST FACTOR BASIC AG FIRST COST ESTIKATE
 
SU3SSTEM OPYTOTAL OTHERINPUTS BEV PROD POTE UNIT UNIT ROTE INVEST OPS TOTAL
 

STRUATCFE 1700 1700 T)PEl 81DO 1 000 1 000 30 9 30 9 39
 

TRACLIl 3,CCI 1410 800 000 ALT, 104 OPSIT 1 000 1 000 36 10 56 10 66
 
S3ASXLITYCONTPOL 50 50 TfPE. 1-A>IS 1 000 1 000 8 2 a 2 10
 
-OOFJLSION 155 250 TOT.IUP(L)0 1 000 1.000 6 6 3 9
 

M1SS]C' ECJIP.E4T 0 0 CONPLXTY,Loa 1 000 1 000
 
SATELLITE 3905 4000 130 32 130 52 162
 
Cr • CF 0 000
0 000 

I-ISCCLLI -OUS
 
SE A'D TO
 
9ELI 3ILITY 8FF.
 

TOT' 1fl 11 A
 

FISCAL YEAR 1982 198 1984 1985 198& 1907 1908 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
OESIS S A'D REDESIGNS 

Sr''p-.tFt I 	 n._ 

SATELL, TE SCIIEDULE 
'Z1. EXVPELASLE ) 

FI5CAL AEoR 1q78 1979 190 1981 1982 1983 1984 1965 1986 1987 1968 1909 1990 1991 199Z 1993 1994 1995 1996 1997 1998 1999 2000 TOTAL 
FUPDItS 

ROTE 1& 96~.9 '-

INVEST,EIT 8 17 7
 
OPR) TIOIS
 

DY. 	 16 64 6 .. _ 0 
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Table 4-43. 	 Educational TV (Technical Demo) Launched from 
ETR Individual Program Cost Breakdown Through 
2000 (millions of 1977 dollars) 

FISCAL PAYLOAD LAUNICH VEHICLE TRAFFIC PROGRAM COSTS
 
YEAR TRAFFIC A a C 0 C F G PAYLOAD COSTS LAU' VEHICLE COSTS PPOG
 

'I R 1' 0 

1978
 

1930 
191s
 

1964 56 S o4 5 5 69 
1955 17 42 7 7 69 
I9C 1 7 13 7 20 A I 
3037 
1967
 
19S9 
19-0
 
1991
 

1993
 
1994
 
1995
 
1996
 
1997
 
1998
 
1999
 
2000
 

TOTAL 1 7 	 130 32 162 13 13 175
 

Table 4-44. 	 Educational TV Satellite Launched from ETR 
Individual Program Cost Breakdown Through 
2000 (millions of 1977 dollars) 

FISCAL PAYLOAD LAUlCH VEHICLE TRAFFIC PROSRAH COSTS 
IEA7 TRAFFIC A B C D E F G PAYLOAD COSTS LAUNCH VEHICLE COSTS PROS 

"S, 	 ",T. DFTF I5F3f~ 1 Il TAT 10 10 n 

M R H 0 

19-s
 

1130
 

1; 5 7 7 2 2 
13 16 29 3 3 32 

lcAI, I 1I A I 1 70 
1'C31469 
1159
 

190..3 

11197 

ZGOO0
 

TOTAL 1 3 	 26 29 55 6 6 61 
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Table 4-45. Educational TV On-Orbit Maintenance Payload 
Program Cost (millions of 1977 dollars) 

0AYINflfl~fl5I--

IEIChTS COST FACTOR BASIC AS FIRST COST ESTIf.TE
 
Sb0S(STE1 OPY TOTAL OThER INPUTS DEV PROD ROTE UNIT UNIT ROTE INVEST OPS TOTAL
 

STRUCTURE 0 0 O )P9 E'130 000 1 000
 

1'tCKIL3.CO'.It, 0 0 0 ALT, LCo CREIT 1 000 1 000
 
STIDILITY COITROL 0 0 TIFE, SPIN 1 000 1 000
 

a-0-101 0 0 TOT Itp 0 1 .00 1 000
 

OSCIO'IEQJIFrlENT 0 0 CO,-PLXTY,L0, 1 000 1 00 5 25 25
 
SATELLITE 0 0 5 2525
 

ICE ,0 000
 

I:,CELL ELUS
 
SE A 3 ;.E
 
'E.LI31LITY EF;
 

FISCAL IEAR 1982 1983 1984 1985 1986 1987 1938 1989 1990 1991 1992 1993 1994 19919% 1997 1993 1999 2000
 
-


OES'G0 I'D REDESIGNS
 
0S IC0 FTdPZ
 

S ILLLITE bCnEDULE
 
',Z.1CE =tO OLE 1 1 1 55
 

-IC L 1ES I,78 1979 1980 111 1982 Iq33 1984 1935 1956 1907 198S 1939 1990 1991 1992 1993 199. 1995 1996 1997 1998 1q9 12000 TOTAL 
FU'015lt 

-018 
I IS; M0.7 1 3 2 3 2 3 2 3 2 3 I
 

O;EPITIC'4S
 
LOS 1S
 
T.TI'L .... 3 

Table 4-46. Educational TV On-Orbit Maintenance Launched 
from ETR Individual Program Cost Breakdown 
Through ZOOO (millions of 1977 dollars) 

FISCAL PAYLOUO LALNCH VEHICLE TPAFFIC PROGRAM COSTS 
IEAP TRAFFIC A B C 0 E F G PAYLOAD COSTS LAt'COHVEHICLE COSTS FROG 

I R M 0 

19 0 
1931 

1W 6 6 6 
1A I017 1 

1'3 is1s1 is 
1489 1 1 0 1 0 2 2 10 10 12 
9c 3 3 15 i 18 

30 3 is 1s 16 
1993 1 1.0 1 0 2 2 10 10 12 
10R94 3 3 1 15 16 

;5 1 1 0 10 1'p1 

1997 1 1 0 1 0 1 1 2 2 3 
19'S 

1000 

TOTAL 5 5 0 0 15 ,5In 1C5 150 
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Table 4-47. Educational TV Mission Control Payload Program 
Cost (millions of 1977 dollars) 

LE=GHTS COST FACTOR BASIC AvG FIRST COSTESTIH.,TE
 
SUBSYSTEM ORY TOTAL OTHER D'PUTS 0EV PROD ROTE UNIT UNIT ROTE INVEST OPS TOTAL
 

STPUCTL'E 0 EN0 000 1 000
0 T)FE O 

TRACSI' G,CC -U0 0 0 ALT, LOA ORBIT 1 000 1 COO
 
STABILIry COTROL 0 0 TYPE. SPIN 1 000 1 000
 
;'FJLSI0 ' 0 0 TOT IMP 0 1 000 1 000
 

Nl$510' E.JIt.E,IT 0 0 CC'PLTf, LOA 1 000 1 000 s0 50 So
 
SATELLITE 0 0 so so 50
 

ACE 0 000
 
7 10
 

tI CELL-' -OS
 
SE A ,) 10
 

Stn 	 p--V 7 

RELI-ZILIT' E-F
 

FISCAL YEAR 1982 19S3 108. 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Z000
 
OCSIGIS A'O PEIESIGS
 

"ISSIZC eCUIP, E ;T 
A'CL,!TE SCZOJLE 
'E, l FE CAGLE
 

FISCAL f-AR :978 1979 19S0 1931 1932 1083 1984 1935 1986 1987 ISS 19S9 1990 1991 199W 1993 1994 1995 19% 1997 1998 1999 O00 TOTAL 
PU'OPI 

rOTE 	 I' 27 10 
1: CSTMZ'.T
 
OF2ATIO ,S 7 7 7 7 7 7 7 7 7 7 7 7 7
 
LOSSES
 
TOTAL 	 13 27 0 7 7 7 7 7 7 7 7 7 7 7 7 7 

Table 4-48. 	 Educational TV Ground Station Equipment Payload 
Program Cost (millions of 1977 dollars) 

S.aLOAD- OP.A
 

HEIGHTS COST FACTOR BASIC AG FIRST COST ESTIMATE
 
SUBSYSIEM DRY TOTAL OTrER INIPUTS 0EV PPOO ROTE UNIT UNIT ROTE INVEST OPS TOTAL
0
 

STRUCTt9E 0 0 TIl , ENO0 1 000 1. 000 
..SIXZi ALS24Fo P 0 U0TT 0 1 1on1n 

iRACDI. ,CC-' C 3 0 0 ALT, 
, 

LOA ORBIT 1 000 1 000 
STAILIT),CONTROL 0 0 TYPE, SPIN 1 000 1 000 
PROPFLSIO, 0 0 TOT IMP 0 1 000 1 000 

___ FT 0 3 

HlI1SI I LCJIF.,ENIT 0 0 COMPLXTY,LOW 1 000 1 000 1073 1073 1073 
SATELLITE 0 0 1073 1073 1073
 

AGE 0 000
 
L LI"QM1VOT no 105n; i; 04
 
1ISCELLA EOJS
 

SE -hD TO
 
RELIA.-ILITY EFF
 

TOT-L 1 7 46l3A'119
 

FISCAL YEAR 1982 1983 1984 198$ 1986 1937 1988 1989 190 1991 1992 1993 1994 19 5 1996 1997 1998 1999 2000 
DESIC'S AIO EOESIG*S 

SP4CECRA T 
vzsSIO; EqJIxrENI 

SATELLITE SChEDJLE 
'E4 (E PENOBLC I
 

FISCAL )EAR 1970 1979 1q00 1981 1982 1983 1q84 1085 1986 1 07 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 TOTAL 

FUtMSIG 

FSTE
 
i'VESTtIENT 
OPERATIONS 	 105 104 105 105 104 105 105 104 105 104
 
LOSSES
 

j 4tJ DDL0 0TOTAL 	 -6.& 0 2431 O;0 j &0 10 
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Table 4-49. 	 Satellite Traffic and Cost Summary Through 2000 
(millions of 1977 dollars) 

SATELLITE PAYLOAD LAUNCH VEHICLE TRAFFIC PROGRAM COSTS 
NAME TRAFFIC 1ST 'US TUG PAYLOAD COSTS LAUNCH VEHICLE COSTS FROG 

STAGES 	 ROTE 1NV OPS TOTAL IV OPS LOSS TOTAL TOTAL 

SATELLITE-BASED INITIATIVES
 

EDUCATIONAL TV SISTEN 

ED TV (CT.CpT OEIIO 1 1 0 1 0 	 49 16 61 25 25 86 
ED TV (TECH oErO, 1 7 130 32 162 13 13 175 
EDUC TV SATELLITE 1 3 26 29 55 & 6 61
ED TV 'i-Cpa IIAINIT 5 5 0 5 0 	 25 25 125F 325 750 

50 91 	 141 141ED TV ISS CONTROL 
ED TV ION3 STA EQ 1073 1046 2119 2119 

SUBTOTAL 8 ?.0 6 0 1324 102 1137 2563 169 169 2732 

Table 4-50. 	 Total Program Costs by Fiscal Year Through 2000 
(millions of 1977 dollars) 

1978 1979 1980 1981 198 	1983 1984 1985 1986 1987 1985 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 000 

SATELLITE-BASEO INITIATIVE 

EDUCATIONAL TV SYSTEM 
ED TV TChCPT DE-O) 6 23 43 14 
ED TV TECH DEMD1 16 69 69 2i 
ETUC TV SATELLITE 3 20 
ED TV 01'-OGT rS lIT 
ED TVt ISS CONTROL 13 27 10 

6 
7 

9 
7 

8 
7 

12 
7 

16 
7 

12 
7 

18 
7 

12 
7 

18 
7 

12 
7 

12 
7 7 7 

ED TV GP'D STA EO 
SUBTOTAL 6 23 43 43 96 88 

268 
334 

590 
626 

215 
240 

105 
124 

104 
1Z9 

105 
1I4 

105 
130 

104 
123 

105 
130 

103 
124 

104 
123 

105 
115 

104 
111 

Table 4-51. 	 Educational TV System User Cost 
Satellite-Based Alternative 

EQUIPMENT ACQUISITION 

USER ANTENNA RECEIVER TRANSMITTER DISTR. & CASSETTE EQUIPMENT SATELLITE TOTAL
CABLING TV UNIT TOTAL COST COST COST 

DISTRICT 5500 1100 18066 100 1000 1000 26766 - 26766 
OFF ICE 

SCHOOL 880 1750 175 1320 4806" 1000 9925 5723 15648 

SCHOOL* 9020 8100 18766 5380 20200 5000 66466 22892 89358 
SYSTEM 

ANNUAL OPERATIONS 

USER ANTENNA ELECTRONICS CASSETTE PWR G&A SATELLITE TOTAL ANNUAL 
&TV OPS OPS COST 

DISTRICT 275 1349 200 - 182 - 2006 

OFFICE 

SCHOOL 44 227 580 164 102 371 1488 

SCHOOL 451 2284 2520 656 590 1484 7958SYSTEM
 

AN AVERAGE OF 4 SCHOOLS PLUS DISTRICT OFFICE ISASSUMED. 
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4.3 	 DEVELOPMENT PLAN 

- The development plan for the Educational TV satellite follows 

the same rationale that was advanced for the Personal Communications 

satellite in Section 3. 3. The major features are a step-wise demonstration 

in which each step serves a useful purpose rather than being deadended, and 

in which a number of steps are chosen to make meaningful progress without 

pushing the technology to undue risks. The development plan chosen for 

this satellite appears in Figure 4-17. It is seen to consist of three steps: 

1. 	 Demonstration of the concept 

2. 	 Demonstration of the technology 

3. 	 Demonstration of the complete system and going into the 
operational phase. 

CYW 81 82 83 I4 55 f6 87 8 9 90 

nST7pN I oesig and abriction , Tst O -O-- - - - -ns--

Launch to LEO Transfer 
to CEO 

No.2 DesignandFabricationi Test 
Assemble 

issESTEP 

Fabrcate Transfer .No 	 n Telst Oprations 

Assembly loC 
in 120 

STp NOI STP No STP No.3 
CCNCJPT JeMaaSIATt~aDEiONSTRATITJ OwMONSTRATIUfflECHNepcGy SYSteM 

0 It Rigid Antenna 2 Beams - 33-itSootlaceLens Sane Antenna 

VELOPENT 2 Transpondersl10WEach - 60FeedsandTransponders 12W AddFeedSTranspondersSwitch
AND 20OMCz Component, ChannelsEachs Mdules PowerModulestoMakeMKNIODSTRAT4 Channels- ColorW ModeCroNspOintSWitch 603BeamSystem634x1491Switch

BasebandSwitch- 22 - All ModularComponents - 5ok. 00 lb 

10and3Oi tNOW Labtype 25 LId l b - 81 M ProductionTerminals 
reminas forTent16t 3 andt0 it 6VWPrototype - Assemblein LE0 Low Thruster 
I183Ibis GEG up US Transfer OE0Terminals(BIt to 
TentJn10 Prior toTransfer Assemblein CEO 

ServicesoorsTPrresina 	 feeeN2ysero6TheuePtPro te ctna tD ringTest 1-raisPeriodol ­Oceo~le 	 65 0C Schoolsend 16 00During Tetr -inPedos 	 n 1eaSchool Onslricds Interconnedctd 

OPERATIONAL - AppalachianduattonAug 60Schools and 160Districts - 3 Channelsof ColorIV 
UTILITW entaion ConnectedforEvaluation - Upto12ChannelslSchiol 

- SslgranliHeandilaped OpenUniversityPilotProjects - [oal ProgrammingWorker -

PilotPreset -Mgrant andHandicappedWorker 60 ChannelDistrictInterfe 
Educatin PilseEvaluation - en Universily Ilteeie 
Public I Evaluation P omIn t Uln 

Figure 4-17. Development Plan for Educational TV Initiative 
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As for the Personal Communications development plan, this 

first step also assumes go ahead in 1980 . It places into low orbit in 1983 

a rigid antenna with only two beams and two feeds. Two transponders are 

provided for four channels of color TV, and connected through a 2 by 2 

baseband switch. The components are designed to operate at 20 and 30 GHz 

to prove out the techniques at those frequencies. Once the satellite is found 

to operate well in low earth orbit it is transferred to geosynchronous using 

the IUS, and then can be used at least through the 1989 time period to 

augment pilot projects such as the Appalachian Educational Satellite Project, 

and to prove a number of pilot projects for classroom aids, migrant and 

handicapped worker education, and professional development programs that 

could be expected to welcome the two channels of color TV broadcast by 

this satellite. This demonstration would prove the concept of video baseband 

switching through 20 and 30 GHz transponders and the onboard switch, and 

would lend confidence to the next step to be discussed below. 

The second step is a technology demonstration step sLmilar 

to that of step 3 of the Personal Communications satellite. In this satellite, 

the final multibeam lens antenna would be placed in orbit, however, only a 

small number of modules consisting of horns, focal arrays-transponders, 

and power would be mated with it. The concept would demonstrate the final 

radiated power per transponder, the final technique for cross point switching, 

and all of the electronics in the multibeam lens antenna. About twelve TV 

channels for each of 60 feeds and transponders would be available, repre­

senting about half of the channel capacity, but only about 10 percent of the 

transponder complexity. A 60 by 60 crosspoint switch module would be 

orbited, representing about one percent of the entire capacity of the 

crosspoint switch. All of the components would be modular. This step 

is expected to weigh about 4000 lb and to consume about 2 1/2 kW. 

The concept demonstration step would utilize laboratory test 

terminals probably in quantities of 10 or less, however, the second step 

would operate with prototype terminals with 3- and 10-ft antennas, procured 

in quantities of about 1000. 
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This technology demonstration step would be assembled in 

low orbit in 1986 and would be tested for about 6 months while in low orbit. 

During this time it could provide intermittent connections for augmentation 

of pilot projects, and demonstration of the technique among 650 schools and 

160 districts implemented with prototype terminals. While transmission 

times would be short - in the order of 5 min or so - the concept could be 

evaluated by the school boards to decide whether they wished-to go into full 

scale acquisition of the system. 

Following the 6-month test the third step would be flown, 

which would rendezvous with the orbiting step 2 and add the rest of the 

feeds, transponders, switch modules, and power modules to make up the 

full system with a full complement of 600 beams, the required switch 

complexity, and DC power. Full spectral occupancy would be demonstrated 

and noninterference of the various beams tested. The production terminals 

would be manufactured and distributed, the system power level tested, and 

the full switching system flexibility exercised. Following successful test, 

the system would transfer to geostationary orbit using its own ion transfer 

engines, and upon arrival be retested in final orbit. The system would be 

placed into operation sometime between 1988 and 1989 at which time the 

operational capability of the first step would be dwarfed (though it need not be 

replaced). 

The development plan components are somewhat expanded in 

Table 4-52 in which the goals, overall characteristics, operational use, 

features and characteristics of the satellite and terminals of each step are 

detailed. The net result is the conclusion that the Educational Television 

Satellite could be placed on line in a 1988 - 1989 time period if a dedicated, 

well funded program were begun in 1980. 
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Table 4-5Z. Development Plan for Educational TV 
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4.4 ALTERNATIVE CONCEPTS 

A number of major options exist for distribution of the 

program material between school districts and their schools, and sharing 

of the information between school districts. The major alternatives are 

illustrated in Figure 4-18. Keeping in mind that the prime requirement 

from school district to schools is in the order of 12 TV channels maximum, 

this requirement can be met by establishing shortwave microwave links, 

coaxial cable runs, or even the physical transportation of video cassettes. 

Program sharing between school districts is more difficult 

however, inasmuch as the great distances, combined with the requirement 

for 150 channels of TV, make it a very difficult problem to solve. The 

main alternatives for its solution appear to be a connection of the school 

districts via commercial comsat, with dedicated terminals at every school 

'R NEW INITIATIVE COMSAT 

COMMERCIAL 

MIR VERLYROWAVE RESY 

MlCRV RLYOPTICSk 
COA)AL CABLE CABLE 

DISTRICT 
SCHOL44 HQ iE SCHOO 

VIDEO

CASSETTES [j jl- VIDEO CASSITTES 

Figure 4-18. Major System Options for Educational TV Distribution 
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district; fiber optics cable, microwave links; buried millimeter waveguide; 

or the mass movement of video cassettes in a physical delivery mode. 

4.4. 1 Alternative Concept Selection 

The commercial comsat solution appears to be very 

straightforward; each district would be outfitted with a 12-channel earth 

station using a 10-m antenna, and is estimated to cost about 1/2 million 

dollars each. The comsat itself would have to relay 150 TV channels. 

At 2 channels per average transponder, it would require 75 transponders on 

a full time lease basis. It is estimated that the satellite could be leased for 

about $50 million a year and the earth station initial cost would be $8 billion. 

The estimated 10-yr cost would therefore be $8-1/2 billion just for this 

interconnection, in addition to all the facilities required to distribute the 

programs to the schools. This seems like a very expensive solution, but 

nevertheless, will be maintained as a viable option until the costs of the other 

options are derived and compared. 

In discussions with AT&T representatives, it was determined 

that the normal ground network expected to exist in the early 1990 time 

period will not have sufficient microwave capability to dedicate 150 TV 

channels to the use of the educational community. Thus dedicated capability 

must be provided by this system. In provision of this capability it is 

estimated, based on the total information base of Appendix C, that the costs 

of fiber optics, microwave links, or millimeter waveguide are roughly 

comparable on a per channel mile basis and are approximately 1/2 million 

dollars a mile. The estimated run length to connect 16, 000 school districts 

in all the 48 states is a total of approximately 10, 000 miles. This is derived 

approximately in Figure 4-19. Thus the approximate cost of the facilities 

for these options would be $5 billion. A more accurate derivation occurs 

in Section 4.4.3. 

The trucking of video cassettes between the school districts 

to and from central library warehouses would seem to be a very attractive 

solution requiring no new technology or installations. For this reason a 
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* 16,000 TERMINATIONS (160 shown)
* POPULATION DISTRIBUTION 

Figure 4-19. Typical Fiber Optics Cable Run for USA Coverage 

very preliminary analysis was made of the cost and nature of such a service. 

It was assumed that 10 warehouses would be established and dispersed 

throughout the country, and that trucks would pick up tapes and make a two­

week round trip of the country covering 5000 miles and making about 16 stops 

at school districts, delivering and picking up tapes. The total number of 

tapes required is estimated in the following way. 

Each district requires tapes to be transmitted for 5-hr 

program periods per day, five days a week, 200 days a year - which is 

5000 tapes per year per district. However, since only about 10 percent of 

a district's program needs are assumed to be obtained from other districts, 

the actual number of tapes required per district per year is 500. This must 
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be multiplied times about six channels per district on an average basis 

making a requirement for 3000 tapes per year per district, needed for 

every district. Since only about 10 percent of the districts are expected to 

exchange information at any one time, the total requirement for tapes is 

3000 X 1600 or 4.8 million tapes per year. If a tape cassette costs about 

$10 each, and reuse of 10 percent each year is assumed - a one-time cost 

of $430 million is required for the circulating tapes. 

The costs of trucking these tapes around is figured as follows. 

The 3000 tapes per district per year imply 1500 tapes per district per 

truckload trip. It was assumed previously that in these two weeks a truck 

can cover 5000 miles and make about 16 stops. Since we need about 10, 000 

miles driven every two weeks or so for distribution to all of the school 

districts we need a 200-truck fleet with each truck carrying 750 tapes. 

Seven hundred fifty tapes will readily fit into a large van or a small truck, 

including adequate space for random access. The total number of miles 

driven is 200 trucks X 5000 miles, divided by 2, to account for the weeks, 

which is 500, 000 miles per week. Figuring a 40-week year this means 

20 million miles per year driven. The cost of operating the vehicles them­

selves is estimated at 25 cents per mile and so the cost is $5-million per 

year. The salary of the drivers has to be figured at 400 drivers ( to have 

the 2-1 standby ratio for sickness, breakdowns etc.), which is 400 X $25, 000 

salary per year or about $10 million yearly cost. The total cost of trucking 

is therefore $15 million per year. 

In addition, 10 operation centers would be needed. These are 

automated warehouses for which we estimated 50, 000 square feet for each, 

at $100. 00 a square foot, or $50 million for the facilities. Assuming half 

of that cost for the operations, $25 million, is needed for that per year, the 

operating centers are therefore estimated to require a total of $500 million 

plus $250 million a year. In addition, information retrieval systems are 

required at every school district to be able to determine what programs are 

available and when, and to make reservations for them. A video CT system 
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similar to an airline reservations network connected by telephone line 

service is assumed, with the cost of each unit being about $1000. Mainte­

nance and operating costs are assumed to be another $1000 per year per 

unit. These units would have to be distributed, not only to the school 

districts, but also to each school so that the individual teacher or educator 

could make program reservations. Thus the total expected cost is for 

81, 000 units, which is $80 million plus $80 million per year. 

Additional tape. costs might be involved duplicating tapes for 

ensuring availability of popular programs. This would probably double the 

cost estimate of $430 million for the tapes. The estimated total 10-yr cost 

is therefore, $430 million for tapes, $150 million for trucking, $3000 

million for facilities, and $880 million for the information retrieval network, 

or a total of $4.46 billion. This seems competitive with the other alterna­

tives until it is realized that it is "apples and oranges" compared to the 

satellite or electronically linked ground alternatives. It does not provide 

the same service. It would take at least a week and probably two weeks to 

"obtain a program; thus programs would have to be scheduled at least two 

weeks in advance. Nonavailability of tapes due to breakdowns, sickness of 

drivers, road accidents, inclement weather, floods, etc., would make the 

dependence on timely arrival of programs fairly hazardous. No real-time 

live capability would be provided, so that the educational network could not 

broadcast important national events, elections, events of historical 

significance, or have any regional or nation-wide broadcast capability. 

For the above reasoning the trucking of vLdeo cassettes is 

probably not a really viable option as an equal capability alternate to the 

space solution. It must be borne in mind that it is easy to configure a 

satellite system that provides an equivalent capability to the trucking of 

video cassettes by simply not providing extensive switching aboard the 

satellite. However, it is impossible to configure a satellite with the 

extensive coverage of the concept described in this study that does not also 

have the capability for real-time broadcast at no extra cost. Thus the 
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services provided will always be "apples and oranges". Furthermore, as 

will be shown in Section 4. 4.3, the cost of the satellite option is about 

$2. 7 billion over a 10-yr period. This, however, includes all of the school 

equipment including the TV monitors, which are estimated to cost about 

$1 billion in themselves. Thus if we add this billion to the equivalent 

service to be provided by video cassette trucking, including delivery of the 

cassettes from the school districts to the schools, optimistically assumed 

at no extra cost using normal school vans and drivers, the total cost of 

the cassette option is increased to about $5. 5 billion -- hardly a competitor, 

and with much poorer service. 

For all these reasons the trucking of video cassettes is not 

analyzed further in this report, even though it is recognized that it has 

value and might be an interesting option under a different set of guidelines, 

assumptions, and ground rules. 

For cost reasons alone it will turn out that the commercial 

comsat solution for the district-to-district links is probably non-cost 

competitive with fiber optic cables, as was indicated above. For this 

reason, the selected alternative consists of fiber optic cable with dedicated 

runs, connecting all the school districts together, 'with a total capability of 

150 TV channels. 

A second consideration with respect to the alternate concept 

is the link between a district and its schools. The major options at this 

point are an onnidirectional microwave broadcast, patterned after the 

Home Box-Office system or a system similar to the instructional television 

operated by USC, or use of coaxial cables to each school, much like that 

used for closed-circuit television distribution. Based on contacts with 

commercial suppliers, the estirrated average cost of providing new coaxial 

cable runs is somewhere between $5000 and $10, 000 a mile, making the 

cost for four runs from a district to its average number of schools, with 

an average run length of three miles each, about $72, 000 (with an assumed 

cost of $6000 per mile). This is roughly comparable or cheaper than 
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several estimates obtained for establishing four dedicated microwave links 

with costs ranging from $60, 000 to $180, 000 for the same capability, 

depending on the assumptions and the supplier. An additional consideration 

is that the microwave links might require an additional number of relay 

towers in difficult terrain or in the case of obstructions such as large 

buildings that might be typical of Boards of Education located in the middle 

of urbanized areas, whereas the cable can go around the obstructions with 

little increase in costs. 

For all of the above reasons it was decided that the school 

districts should be connected to their schools via coaxial cable as the selec­

ted portion of the alternative concept. 

4.4. 2 Alternative Concept Definition 

The selected alternate concept for the purposes of this study, 

based on the above arguments, is a system in which the school districts are 

connected to their schoold via dedicated coaxial cable runs and program 

material is interchanged between districts using a dedicated fiber optics 

cable run, as shown in Figure 4-20. The alternative concept further makes 

certain assumptions - the same distribution panels, monitors, two-way 

audio recorders and players, are used as the space alternative; and new 

cables are required everywhere, which are priced as part of the alternative 

system. 

A number of other characteristics are important, particularly 

for the fiber optics interconnection network, which are outlined in Table 4-53. 

The total run length of the fiber optics cable is estimated as 10, 000 miles in 

the 48 states. In order to avoid switching a large number of channels at 

video, since each terminal only requires a maximum of 12 channels (even 

though the entire capacity of the network must be 150), it was elected to 

configure the system with 150 TV channels to each district. Thus each 

district terminal could be outfitted with a 150-channel optical transceiver. 
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Figure 4-20-2 Educatibnal TV -Alternative Concept Network 

Table 4-63. Alternative Concept Description - Educational TV 

U SAME DISTRIBUTION PANELS, MONITORS, 2-WAY AUDIO RECORDERS 
AND PLAYER S SPACE ALTERNATIW 

*I 	 DISTRICTS DISTRI BUTE PROGRAMS TOTHEIR SCHOOLS VIA COAXIAL CABLE 

I ALL SCHOOLS REQUIRE ONE NEW CABLE TO THEIR DISTRICT 

* SDISTRICTS INTERCONNECTED VIA FIBER OPTICS NETWORK 

- ESTIMATED RUN LENGTH = 10,000 mi 
- 150 TV CHANNELS TOIFROM EACH TERMINAL 

- EACH DISTRICT HAS 150 CHANNEL TRANSCEIVERS 
- NO SWITCHING OF OPTICAL CHANNELS; ALL SWITCHING BY ORDER WIRE 

ACTIVATION OF DESIRED TRANSMITTERS AND RECEIVERS 
- TELEPHONE COMPANY DOES NOT EXPECT SUCH A COMMON USER PLANT 

TO EXI ST INTHE TIME FRAME 
- DEDICATED FIBER OPTICS NETWORK PRICED IN SYSTEM 

* 	 COSTS OF INITIAL PROGRAM LI BRARY AND CONTINUED PROGRAMMING 
TREATED SEPARATELY 

4-81 



These transceivers are fairly simple consiting only of light emitting diodes 

and phototransistors. In addition, the electronics part of the transceivers 

would only have a maximum of 12-TV channel capacity. Thus switching of 

the optical channels along the cable runs of the network would be avoided, 

since that is an extremely expensive proposition, and all switching would be 

accomplished by order wire activation of the desired optical transmitters 

and receivers at each district terminal. 

Additionally, it must be recognized that the costs to be 

derived for a system of this type do not include the costs of programming 

an initial library or continued programming for new programs as time 

passes. This is likely to be a very expensive part of the entire operation, 

however, it is common to both the space and ground alternative solutions. 

It is treated separately in the cost analysis to follow. 

4.4.3 Alternative Concept Cost Estimate -- Educational TV 

The same procedures outlined in Section 3. 4.3 were used to 

generate cost estimates for the ground-based alternative Educational TV 

system. For this sytem, however, many of the same user equipment 

elements are required for both space and ground-based alternatives; hence 

the equipment shown in Table 4-54, is the same as a portion of that found 

in Table 4-39. Ground interconnect links of course replace the satellite, 

and are estimated to cost $1332 million for the coax cable links between 

districts and schools and $6670 million for the fiber optics cable and 

terminations to interconnect districts. It is assumed that district-to-school 

links would be an average of three miles or 195, 000 total miles; each mile 

would require $6000 for cable and each school would require demodulation 

and related equipment of $2500, for a total of $20, 500 per school 

($20, 500 X 65, 000 schools equals $1332 million). The cost estimate for a 

fiber optics trunk is shown in Table 4-55. A 10, 000-mile system was 

assumed for this study, hence, the $6670 million estimate. 
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Table 4-54. 	 Ground Equipment Cost Estimate Educational TV 
System (Ground-based Alternative) 

ITM-EQUIPMENT 	 UNIT TOTAL BASIS OF ESTIMT-U E COST ($D00's) 

W MONITORS, DISTRICT (2EA) 32000 500 16000 SAMEAS SATELLITE-BASED ALTERNATIVE 
(INCL MICROPHONES) 

TV MONITORS, SCHOOL (12 EA) 7BODO 400 312000 
(INCL MICROPHONES) 

CASSETTE (PLAYERIRECORDER) 81000 1000 81000 

CABLING, DISTRICT 16000 100 1600 
CABLING, SCHOOL 65000 720 46800 

DISTRIBUTION PANEL 65000 600 39000 

TOTAL EQUIPMENT 496400 

TOTALYBASE UNITOPERATIONS &MAINTyr 
OR % (O00's) 

V AND CASSETTE 409000 40900EQUIP 10i% 

OTHERELECTRICAL 87400 7% 6118 

POWER 1006800 kW $IOkWlyr 10068 SAME AS SATELLITE-BASED ALTERNATIVE 

57086 

G&A 57086 10% 5709
 
TOTAL EQUIP OPS &MA INT/yr 62795
 

Table 4-55. Fiber Optics Trunk Costs 
* 150 Color TV Channels - Studio Quality 

* Every Channel Distributed to Each of 16, 000 Terminals 

* Every Channel can be Fed From Each of 16, 000 Distribution Nodes 

* Network Switching Effected by Order Wire Control of Configuration of Terminals 

* 50 Fiber Cable 

INITIAL COST, MILLIONS 
UNIT COST 

ITEM NUMBER PER CHANNEL 3000 MILES 10,000 MILES 
1979 1989
 

- Head End 16,000 $1.57 K $0.94 K $2,260 $2,260 
- Distribution End 16,000 1.43 K 0.86 K 2,060 2,060 
- Installation of Nodes 16,000 0.56 K 0.33 K 790 790 

(Head End plus Distribu­
tion End) 

- Cable 0.82 k/mi 0.33 k/mi 148 495 
- Repeaters Every 4 km 0.38 k/mi 0.15 k/mI 68 225 
- Installation of Cable 0.56 k/mi 0.56 k/mi 252 840 

and Repeaters 

TOTALS 	 $5,580 $6,670 
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Total estimated cost for the ground alternative is given in 

Table 4-56, and is seen to be $13.5 billion for the total RDT&E and 10 yr 

of operation. Time-phased costs by fiscal years is provided in Table 4-57. 

User costs by equipment, by district, school, and system are given in 

Table 4-58. 

Table 4-56. 	 Ground-Based Educational TV Cost 
(millions of dollars) 

GROUND-BASEDALTERNATIVE TOSATELLITE INITIATIVE Non Operating Total 
recjurring 

EDUCATIONAL TV SYSTEM (GROU4-BASED) 
ED TV GO-BASED EQ 496 628 1124 
EQ TV TRANSIIT EQ 8002 4400 12402 
SUBTOTAL 	 8498 5028 13526
 

Table 4-57. 	 Total Program Costs by Fiscal Year Through 2000 
(millions of 1977 dollars) 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
 

EDUCATIONAL TV SYSTEM (GROUND-BASED)
EQ TV GRD-SASEO EQ 60 213 174 49 63 63 62 63 63 63 63 62 63 63 
ED TV TR..bfl1T ZQ 960 3441 2801 800 440 440 440 440 440 440 440 440 440 440 
SUBTOTAL 	 1020 3654 2975 849 503 503 502 503 503 503 503 SO 503 503 
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Table 4-58. 	 Educational TV System - User Cost 
(Ground-based Alternative) 

EQUIPMENT ACQUISITION 

U CASSETTE TV DISTR. & EQUIPMENT INTERCONNECT TOTAL 
USER UNIT T CABLING TOTAL COST LINKS COST 

DISTRICT 1000 1000 100 2100 416875 418975 
OFFICE
 

SCHOOL 1000 4800 1320 7120 20500 27620 

SCHOOL 5000 20200 5380 30580 498875 529455SYSTEM
 

ANNUAL OPERATIONS 

G&A INTERCONNECT TOTAL ANNUALUSER CASSETTE CABLING Pwr 
&TV LINKS OPS COST 

DISTRICT 200 7 21 22922 23150 

OFFICE 

SCHOOL 580 92 155 83 1127 2037 

SCHOOL 2520 375 620 353 27430 31298SYSTEM 

AVERAGE 4 SCHOOLS PLUS DISTRICT OFFICE PER SYSTEM 
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4.5 SPACE/GROUND COMPARISON 

The space and ground alternatives as defined above are 

compared in this section to determine their relative merits and features. 

4.5. 1 	 Technical and Operational Comparison 

The space and ground systems that were configured in 

Sections 4. 2 through 4.4 are entirely equivalent in performance, both of 

them distributing the same program channel information to the same number 

of points in the same time with equal switching flexibility. Their cost 

comparison is the only meaningful attribute that could be treated in this 

space/ground comparison. There are additional considerations that should 

be addressed in future studies. Some of these are the marginal cost of 

adding new schools or districts to the system, the time to reestablish 

service following failures of satellite equipment vs. that for felled trees 

breaking the cables, etc. These were beyond the scope of this study, as 

were social considerations or environmental ones. 

4.5.2 	 Cost Comparison 

A comparison of costs to the user was performed, utilizing 

the costs derived in Sections 4.2.7 and 4.4.3. It was felt that meaningful 

measures for the user cost comparison would be the total cost per school 

per year, the cost per classroom hour, or the cost of per pupil hour. 

These costs were computed assuming six hours a day for instructional 

programming, five days a week, nine months out of the year and used the 

average number of half the classrooms outfitted, which is about 10 rooms 

per school for each of the 65, 000 schools in the U.S. Furthermore, an 

average of 30 pupils per class was assumed. The resultant cost comparison 

is shown in Table 4-59, the first three columns of which compare these 

factors for the space and the ground alternative. It is seen that the space 

system is the least expensive by any one of the three measures in the first 

three columns by a factor of almost five. In order to provide a frame of 
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Table 4-59. User Cost Comparison - Educational TV 

COST PER* COST PER COST PER TOTAL" NET TOTAL 

SYSTEM 
SCHOOL PER 

YEAR
(DOLLARS) 

CLASSROOM 
HOUR

(DOLLARS) 

PUPIL-
HOUR

(CENTS) 

20-UACOSTS 
20-YR COSTS CANNA SAVNG(BILLIONS)COMPARED TOTEACHERS $ 

SPACE INITIATIVE 4,200 0 36 12 2.73 7 3 BILLION 

GROUND ALTERNATIVE 20,800 1.78 5.9 13.53 6 2 BILLION 

TEACHERS -116,000 l10 00 ,33 3 -75.4 0 

Average of. 10 Classrooms per School Equipped for ETV; 6HriDay, 5 Days/Week, 
9MoJYr, 30 Pupils/Classroom 

10 Yr RDT&E, 10 Yr Operations and Maintenance; All User Equipment 

reference for the order of magnitude of the costs both are compared against 

the average cost for an average teacher, which is probably in the order of 

$10 per hour without administrative burden. For the 10 classrooms in 

which instruction is provided simultaneously, the equivalent cost per school 

per year is $116, 000 as compared to $4200 for the space alternative and 

$20, 800 for the ground alternative. 

It is thus seen that while both the space and ground alterna­

tives are less expensive than the provision of live teachers, with the ground 

alternative being about five times less expensive, the space alternative is 

about 25 times less expensive and is by far the preferred alternative to 

either the current method or a ground solution. 

Table 4-59 also lists the total costs to be expended on the 

space and ground alternatives in a 20-yr period. These include all user 

equipment and TV monitors, the approximately iO yr required for research, 
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development, test and evaluation and the 10 yr operations and maintenance, 

with a maintenance flight every 2 yr. The last colunm of Table 4-59 tabu­

lates the net total savings in a 10-yr period of operating the space or ground 

alternative compared to the expenditures that would have to be made for the 

equivalent capability using live teachers. This column is the net in the 

sense that the total cost of the space or ground alternatives are taken out of 

the total savings prior to being shown on this table. The net savings are 

seen to be enormous and amount to $400, 000 per year per school district 

for the ground alternative and $457, 000 per year per district for the space 

alternative. Savings this large cannot be overlooked in planning new educa­

tional methods, facilities, and in finding funds to provide continuing educa­

tional services. 

None of the costs in Table 4-59 include the costs of 

preparing and updating a tape library in which 90 percent of the educational 

TV material would be vested. The programming costs are now derived 

under a number of assumptions. First the production costs of an educational 

TV program hour run about $10, 000 on an average basis. Based on some 

of the references in Appendix C, this is not unreasonable since experience 

has shown that high quality programs average about that number. For 

example, "Sesame Street" runs between $25, 000 to $50, 000 per hour 

whereas straight documentaries cost between $5000 to $10, 000 per hour. 

Second, it is assumed that an initial library of tapes will be 

prepared that will be good for 10 years and be so extensive as to allow a 

different program for every hour of a 6-hr day, 5 days per week, 9 mo per 

year for each of the 10 classrooms in a school, however, that 1000 districts 

in the U.S. share each program. Furthermore it was assumed, that all 

schools in a district will share programs. This means that there will be 

16 different courses running simultaneously in the U.S. every hour of the 

day in a 9-mo year. The initial cost of the library will therefore be 

$1.86 billion or an equivalent one-time cost of $28, 600 per school. 
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It is furthermore assumed that 20 percent of such a library 

must be updated each year to allow for new trends in education and to allow 

for new material to be introduced. Thus, in addition to the $1. 86 billion 

total, there is an expected expense of $370 million per year. The program­

ming costs are thus equivalent to $28, 600 plus $5800 per year for each 

school. To these costs must be added the costs of the tape cassettes for 

the programs, which are figured as follows. One hundred eighty six 

thousand tape cassettes are required in the initial library, and must be 

duplicated 1000 times each in order to be available for use by the classrooms 

that share the information simultaneously in the U.S. This means 186 

million tape cassettes at an average cost of about $10, 00, implying a total 

cost of $1. 86 billion initially. The 20 percent of the library that is 

updated per year involves no new tape costs since the tapes are reusable. 

Thus the total cost per school raises the one time fixed'investment to 

$57, ZOO plus $5800 per year. The total for each school would thus be 

$i15, 200 over a 10-yr period, or $i, 520 per year. Since the programs 

are identical for every school in a district, that number multiplied by 

16, 000 gives a total ±0-yr programming additional cost, which is $ 1. 8 

billion. The total system cost is thus shown in Table 4-60 for both alterna­

tives for the equipment only and for the programming plus the equipment. 

The costs per classroom-hour including the extensive programming then 

rise to $0.61 for the space system and $2. 04 for the ground system. It is 

seen that the relative comparisons, even including programming, still favor 

the space initiative by a very large margin. The net annual savings for 10 

years compared to teachers shown in the last column of Table 4-59 would 

be "reduced" to "only" $4.3 billion for the space system and $5.4 billion 

for the ground system. 

The conclusion is thus reached that even with the acquisition 

and distribution of a library of 375, 000 one-hour programs of educational 

material, the cost comparison greatly favors television instruction, and 

within that framework, greatly favors a space solution as opposed to a 

ground alternative solution. 
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Table 4-60. Comparative Costs - Educational TV 

TOTAL 20-YR COSTS, DOLLARS 

COMPARISON BASIS ALTERNATIVE EQUIPMENT PROGRAMMING PLUS 
ONLY EQUIPMENT
 

Space 2.73 B 4 57 B
 

TOTAL COSTS
 
Ground 13.53 B 15.37 B
 

Space 4,200 7,000 
PER SCHOOLCOSTS 

PER YEAR 
Ground 20,800 23, 600 

COSTS PER Space 0.36 0 61 
CLASSROOM-HOUR Ground 1 18 2 04 

COSTS PER Space 0.012 0 02 
PUPIL-HOUR Ground 0. 06 0 07 
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5. ELECTRONIC MAIL INITIATIVE 

This section of the study addresses the definition of a system 

to replace or augment physical handling of mail. The requirements are 

defined here and the concept definition proceeds to those requirements. 

Development plans are defined as well as alternate concepts performed on 

the ground to the same requirements as the space system. Finally the 

space and ground systems are compared. 

5. 	 1 ASSUMPTIONS AND GROUND RULES 

A number of major assumptions were made to limit the scope 

of the investigation. The first assumption is that communications would flow 

direct from building to building through a satellite with no intermediate 

nodes. This assumption is fundamental and was adopted for a number of 

reasons. First, a recent RCA study for the U.S. Postal Service has 

investigated an electronic mail service system which exchanges mail 

electronically between regional major post offices centers, and thus there 

would be no sense in repeating a study of a system with ground nodes and 

mail carrier delivery of mail. Second, the principle being explored in this 

study focuses around the provision of many small, inexpensive terminals to 

the users, and pays the price of a large complex satellite to make a 

favorably economic trade off. Last, a system in which mail flows directly 

through a satellite can be readily scaled to obtain the characteristics of a 

far larger or smaller number of users by simply expanding or shrinking the 

mail volume handled, whereas that is not easily done in a multiple nodal 

system. 

A second major assumption is that the only mail classes that 

will be covered will be those exchanging mail between government and 

business sectors of the total mail flow. That is, the home market would not 
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be penetrated. The reason for this is partly practical and partly political. 

The government portion of the mail stream is well defined and an argument 

can be made for governmental efficiency if it should be possible to reduce 

the costs to the government of sending letters. The argument for reducing 

the cost to the homeowner is not so easily made in that the cost savings is 

not directly fed back to the cost of running the government. Furthermore, 

the government and business portions of the mail flow represent a relatively 

small fraction of the total mail flow and thus should any impact be made on 

the need for postal workers it would be a smaller impact than that from 

replacing the entire mail flow with electronic means. Keeping in mind that 

thePostal Service is the single largest employer in the U.S. with over 

750, 000 employees, the social impact of displacing those jobs by an 

Electronic Mail system is fraught with political problems. It is for these 

two reasons, primarily, that the only mail classes that will be covered in 

this study are mail flow from government to government, from government 

to business, business to government, and business to business. 

Whereas the classes of mail are limited, the services will 

not be. Local as well as long distance mail is to be handled with a capacity 

equivalent to the needs of any individual element of government or business. 

Further assumptions are that each major complex of industrial buildings and 

each major government building is to have its own terminal. The internal 

distribution of mail within the buildings of the corporate complex would be 

the responsibility of the corporation (with its internal mail system as is 

being currently done). Likewise, the internal mail system of each govern­

mental building would be retained. A further assumption is made that the 

time period of interest is in the late 1980s to the early 1990s. These 

assumptions are summarized in Table 5-1. 

5. 1. 1 Definition of Requirements 

The first part of the requirements is to define the mail volume 

that is to be handled, and its distribution. To this end the distribution of 
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Table 5-1. Electronic Mail - Assumptions and Ground Rules 

* 	 MAIL CLASSES COVERED - GOVERNMENT-GOVERNMENT 

- GOVERNMENT-BUSINESS 

- BUSINESS-GOVERNMENT 

- BUSINESS-BUSINESS
 

* 	 COMMUNICATIONS DIRECT FROM BUILDING-TO-BUILDING THROUGH SATELLITE. 
NO INTERMEDIATE NODES 

* 	 LOCAL AS WELL AS LONG-DISTANCE MAIL 

* 	 ONE TERMINAL FOR EACH BUSINESS, AND FOR EACH GOVERNMENT BUILDING 
- COVERED. INTERNAL DISTRIBUTION WITHIN CORPORATIONS NOT TREATED 

* 	 TIME PERIOD - 1990 

the expected or forecast mail flow for the 1990 time period was obtained 

from the U.S. Postal Service. This forecast is shown in Figure 5-1. In 

this figure it is seen that the forecast runs between 66 to 120 billion pieces 

of mail to be handled in 1990. Of that, the first class mail stream is the 

one most subject to electronic mail handling, which is 41 to' 75 billion 

pieces of mail. Within the first class stream the-business and government 

sector is projected to run between 9 to 17 billion pieces of mail per year. 

A requirement was set for this study to handle 15 billion pieces of mail in 

the year 1990. 

A number of other statistics were obtained from the Postal 

Service that are indispensable in defining the system concept. In the current 

post office system 40 percent of all the mail generated stays within a 2-hr 

driving radius of the Sectional Centers of which there are 527. Thirty 

percent of all the mail originated in a post office's jurisdiction stays within 

that area. A further set of assumptions made is that the number of 

businesses or therefore business terminals per city is roughly' proportional 

to the population of that city. This assumption was necessary in order to 

determine the distribution of the terminals in the country. A similar 
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Figure 5-1. Composite Mail Flow Forecast - 1990 

assumption also made is that the volume of mail handled by a business is 

roughly proportional to its size as measured by its sales volume. Corres­

pondingly the mail volume handled by a government office is roughly 

proportional to the number of people employed by that office, and therefore 

to its size. 

A last assumption made was that if a corporation had a 

number of major complexes throughout the country, each complex consisting 

of a set of buildings, one terminal would be provided for each major 

complex of buildings, the distribution between buildings of that complex 

being the responsibility of that corporation. A further assumption was that 

it was desirable to be able to handle any kind of matter from printed letters 

to digital tape to graphics. The definition of requirements for businesses 

was tackled first. 
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A review was made of the number of businesses as a function 

of their size. This distribution is shown in Table 5-2. It is seen that 

whereas the largest number of businesses are in the very small income 

class, that the bulk of the income or sales is generated by businesses with 

an income of a million dollara a year or more. Furthermore, that by far 

the lion's share of the income is generated by corporations at the million 

dollar level or more. This fact is summarized in Table 5-3, which supports 

the first conclusion that corporations alone should be considered in this 

study for outfitting with terminals for electronic mail. 

The distribution of corporations by size, and the conversion 

of that distribution into the number of terminals requiring given data rate 

terminals to handle the volume of letters expected, will be derived following 

a discussion of the number of bits required to describe an average mail 

piece. It is well known that graphics reproduced by facsimilie require a 

far greater data rate than that described as printed text; and that requires 

far more data than the digital content of the letters themselves once the 

Table 5-2. Business Distribution by Sales 

Income Size Number of Businesses Total Income, Billions 
Class,$/Yr Proprietorships IPartnerships Corporations Proprietorships Partnerships Corporations 

<25, 000 8,007,000 537,000 466,000 48.8 3.9 2.2 

25, 000-49 999 1,171, 000 136, 000 185, 000 41.7 4.9 5 2 

50, 000-99, 000 800, 000 134, 000 250, 000 56.0 9 5 16. 1 

100, 000-199, 999 432, 000 114,000 613, 000 59.4 16.2 138.5 

200, 000-499,000 193, 000 80, 000 613, 000 55. 7 24.4 138. 5 

500,000-999,999 32,000 22,000 166,000 21.6 15.3 111.8 

1,000,000 14,000 16,000 225,000 28.2 47.6 2,087.4 
or more 
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Table 5-3. Makeup of Business 

TYPE GROSS RECEIPTS (SIZE) NUMBER 

CORPORATIONS 2560MILLION 1,900,000 

PARTNERSH IPS 124M ILLION 1,040, 000 

PROPRIETORSHIPS 311 MILLION 10, 650, 000 

TOTAL- 2,993, 000, 000 13, 590, 000 

blank spaces are removed. The number of bits per average mail piece is 

shown in Table 5-4, which was obtained from a publication by the Department 

of Commerce (Refs. 13 through 15). 

Table 5-4. Bits per Average Mail Piece 

%of Bits Per 
Mail Piece Type Total Mail BitslMail Piece Average Mail Piece 

* 	 Typed or Printed Text of Letters 45 50, 000 22,500 
and Documents 

* 	 Direct Digital Text of Letters 45 2,000 900 
and Documents 

* 	 Graphics 

I Two Gray Scale Images 6 500,000 30,000 

I 64 Gray Scale Images 3 4,380,000 131,400 

I Color Images 1 8,750, 000 87, 500 

Total = 272, 300 bits 

Total, allowing x 1.5 for 
TDMA packet overhead = 405, 000 bits 
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It is seen that whereas the graphics require the lion's share 

of the number of bits, their percentage of the total mail is small and so the 

average bits per average mail piece are shown as 272, 300. Allowing a 

factor of 1-1/2 for address, destination, locations, and other identifying 

codes as well as perhaps some error correction, 405, 000 bits will be used 

in this study to describe the information content in the average mail piece. 

The business mail is then analyzed as shown in Table 5-5. 

In this table the variable is the class of corporations as distributed by their 

asset size. Asset was used as a more reliable indicator size of corporation 

rather than sales. This data came from the Forbes 500 Listings. One 

hundred thirty one thousand corporations exist today with assets over 

$1 million. Their distribution is also shown in Table 5-5. The total assets 

represented are just under $4 trillion and the percentage of the total assets 

are shown in the fourth column of Table 5-5 for each size class of corpora­

tion. The yearly mail volume that was assumed for the corporations was 

two thirds of the total mail volume - the total-being 15 billion pieces of 

mail - the corporations were assigned a 10-billion mail volume per year. 

The distribution of that in proportion to the percentage of assets is then 

shown in the fifth column of Table 5-5. The yearly mail volume per 

corporation is then derived and converted to the number of letters per 

second per corporation. A further division is made to derive the number 

Table 5-5. Business Mail 
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of letters per second per terminal that have to be handled by estimating 

the number of major complexes owned by each corporation size class, 

which varies from one, in the $1 to $10 million class, to between 50 to 100 

for the largest corporations in the United States. Thus the letters per 

second per terminal could be obtained and are shown in the ninth column. 

Multiplying by the 405, 000 bits per average mail piece, the average data 

rate handled by each terminal is then shown in the tenth column and is 

seen to vary between 486 bps for the smallest corporations to over 

37, 300 bps for the largest corporation. The total number of terminals is 

also summarized in the eleventh column and is seen to be 174, 000 terminals. 

The collection of the results from the last two columns is shown in the box 

on the right in which 108, 000 terminals are seen to be satisfied with a 

terminal capable of sending and receiving at less than I kbps average, 

35, 900 terminals would require a terminal data rate of I to 3 kbps, 

25, 200 terminals would require a data rate terminal between 3 to 10 kbps, 

and only 5370 terminals would require terminal bit rate capacity between 

10 to 40 kbps. 

A last observation is that the corporations with over a 

million dollars in assets are mostly located near population centers with 
more than Z5, 000 people. There are 846 towns and cities in the U.S. whose 

population exceeds 25, 000, as determined in Section 3. 1, and thus at least 

the locations of the required coverage are determined. It further appears 

that most of the corporations of such size are also located within about 

25 miles of the center of these population regions as was determined in 

Section 4. 1. Thus, it appears that the required coverage for the Electronic 

Mail system is very similar to that of the Educational Television system, 

namely 846 separate coverage areas about 50 miles diameter each. 

The number of terminals determined in Table 5-5 is shown 

distributed by city size class and by data rate of the terminal in Table 5-6. 

This distribution is divided by the number of cities, or number of beams, 

and shown as a number of terminals in each city or each beam in each data 

rate calss, in Table 5-7. In order for this information to be utilized it 
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Table 5-6. Number of Business Terminals 

No. TERMINALS - BUSINESS
 

CITIES POPULATION
 
CITY SIZE CLASS (Beams) FRACTION <1 kbps 1-3 kbps 3-10 kbps 10-40 kbps
 

>1,000.000 6 0.11 11,880 3,950 2,770 
 590
 

500,000-1,000,000 20 0.18 19,440 6,420 4,540 966
 

250,000-500,000 30 0 13 14,040 4,667 3,276 699
 

100,000-250,000 97 017 18, 360 6,100 4,280 910
 

50,000-100,000 232 0 2 21,600 7.180 5,040 1,070
 

25,000-50,000 455 0 2 21.600 7.180 5.040 1,070
 

TOTALS 846 1 106, 920 35, 500 25,000 5,300
 

TOTAL No TERMINALS 172,725
 

Table 5-7. Number of Terminals per Beam (City) - Business Mail 

No. TERMINALS! BEAM
 

CITIES
 
CITY SIZE CLASS (Beams) <1 kbps 1-3 kbps 3-10 kbps 10-40 kbps
 

>1, 000,000 6 1980 658 461 98
 

500,000-1,000, 000 20 972 323 226 48
 

250,000-500,000 30 468 155 109 23
 

100,000-250,000 97 189 63 44 10
 

50,000-100, 000 232 93 30 22 5
 

25,000-50,000 455 47 16 11 2
 

TOTALS 846
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must be added to the number of terminals per beam for the transmission of 
government mail. These numbers are now derived. 

The number of government mail buildings required is derived 

in a sequence of tables beginning with Table 5-8. In this table the total 

yearly government mail volume, which was estimated at five billion average 

mail pieces, it is shown distributed by the building class defined as the 
size of the building determined by the number of people working in it. 

These are estimated by the first category at being 5 to 25 people all the 

way to over 1000 people per building. The number of buildings total is 
370, 000, as determined from References 16, 17. This includes all owned 

real property as well as leased office space and leased buildings throughout 

the United States. It does not include military installations overseas. 

Table 5-8. Government Mail Buildings 

BUILDING FRACTION NUMBER OF TOTALNO. FRACTION OF YEARLYMAIL YEARLYMAIL DAILYMAIL DATA RATE*CLASS (ASSUMED BUILDINGS EOPLE VOLUME, VOLUMEJ VOLUMEJ DATAURATEEMPLOYED MAILVOLUME TOTAL BUILDING BUILDING BPSIBUILDING 

5-25 0.348 128,000 1.28 M 0 06 300 M 2,343 11 7 130
 
(Ave - 10)
 

26-100 0 6 222,000 15 5M 0.7 3500 M 15,700 78.5 872
 
(Ave = 70)
 

101-500 005 19,000 4 75M 022 1100M 58,000 290 3,000
=
(Ave 250) 

501-1000 0.001 370 0.277 M 0 013 65 M 176,000 880 9,800
 
(Ave =750)
 

>1000 0.0005 185 0.277 M 0 013 65 M 350,000 1750 19,400
 
(Ave = 1500)
 

TOTALS 1 370,000 22 M 1 5 BILLION - ­

200 dayslyr
 

10 hrlday
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The fraction of the total buildings in each building size class was assumed, 

there being no data that could be located on this parameter. 

The third column of Table 5-8 then lists the total number of 

people employed in each building size class. The fraction of the mail 

volume was then derived by normalizing that number. This was the basic 

function entering the work: that the mail volume would be proportional to 

the number of people in each building. The yearly total mail volume for 

each size class of building was then derived and shown in column 6. 

Divided by the 200 days per year, column 7 shows the daily mail volume 

per building, which is seen to be an average of about 11 letters per day for 

the smallest building and 1750 letters per day for the largest building. This 

data was then converted to the equivalent data rate per building in bits per 

second using the previously derived number for the bits per average mail 

piece of 405, 000 and a 10-hr operating day, divided as 5 hr for transmission 

and 5 hr for reception. It is seen by this last column that the smallest 

buildings require only 130 bps transmission and receiving system, whereas 

even the largest of the buildings require less than a Z0-kbps terminal. 

In order to put this data into the same form for government 

mail that was derived for the business mail, Tables 5-9, 5-10, and 5-11 

were prepared utilizing the data just derived in Table 5-8 as a distribution 

of building size class with each city size class, so that the total number of 

terminals of a given data rate in each city may be shown. The significant 

numbers are contained in columns 8 and 9. The information from these two 

columns is then transferred to Table 5-12 as the number of buildings or 

terminals in each size class per city that can be accommodated with a data 

rate of less than 1 kbps, which is shown in the second column in each city 

size class; the number of buildings that can be accommodated with a data 

rate of 1 to 3 kbps, which is shown in the third column, and the number of 

buildings from 3 to 10 and 10 to 40 kbps, which are shown in the fourth and 

fifth columns. This data appears in Table 5-12 as the number of terminals 

per city in each data rate class for each city size class. As expected the 

overwhelming number of terminals requires a data rate of less than 1 kbps. 
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Table 5-9. Government Mail 

CITY SIZE 
CLASS 

NO 
CITIES 

POPULATION 
FRACTION 

NO 
BUILD INGS 

NO BUILDINGS 
PERCITY 

BUILDING SIZE
CLASS 

FRACTION OF
BUILDINGS IN 
SIZE CLASS 

NUMBEROFBUILDINGS IN 
SIZE CLASS 

DATARATE 
BPSIBUILDING 

DATARATE 
PER CITY 

(PERCITY) (PERCITY) 

>6, 00, OD0 0 1l 40,700 6783 5-25 0 348 2360 130 307.00 
26-100 0 6 4069 870 3 54 M 

101-500 005 339 3000 1 02 M 
501-I(DO 0001 7 9800 68,600 

>1000 00005 3 19400 58,200 
TOTALS 1 6783 - 5Mbps 

500.O00- 1,000, OD 20 0 18 66,600 3300 5-25 0348 1148 130 150,000 

26-100 0 6 1980 870 1 72M 
101-500 D05 165 3000 500 00 
501-1000 0001 4 98D0 40, 000 

>1000 00005 2 19400 38,800 
TOTALS 1 3300 2 45 MLps 

Table 5-10. Government Mail 

CITY SIZE NO POPULATION NO NO BUILDINGS BUILDING SIZE FRACTION O N BER OF DATARATE DATARATE 
BUILD INGS PERCITY CLASS BUILDINGS IN BUILDINGS IN PSBUILDING PERCITYCLASS CITIES FRACTION 

SIZE CLASS SIZE CLASS PBULIG ERCT 
(PERCITY) (PER CITY) 

250-000 - ODD 013 48,000 1603 0348 557 130 

26-100 0 6 961 80 836,00 
101-500 0 05 80 3000 24,000 

501-1000 0 001 2 9800 19,600 
IDO 0 0005 1 19400 19.400 

TOTAL 1 1603 - 1 18Mbps 

,O. 30 5-25 72.400 

100.000 - 250,000 97 0 17 62,900 648 5-25 0 348 225 130 29,200 

26-100 0 6 388 870 337,000 
101-500 0 05 32 30D0 96,000 

501-IOO 0 001 1 9800 9,B0 
>0000 0O05 - 19400 -

TOTAL I - 472,000 bps 
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-Table 5-11. Government Mail 

BUILDING SIZE NUMBER DATA DATACITY SIZE NO POPULATION NO NO.BUILDINGS FRACTION OF OF RAFE RATE
BUILDINGS IN BPSIBUILDING PERCITY

CLASS CITIES FRACTION BUILDINGS PERCITY CLASS BUILDINGS IN 
SIZE CLASS SIZE CLASS 
(PER CITY) (PER CITY)
 

50,0O - I00,000 232 02 74,D)O 318 5-25 0348 110 130 14,400 
26-100 0 6 190 870 166,000 

101-500 0 05 16 3000 47,700 
501-1000 0 001 - 9800 ­

• 1000 0 0005 - 19400 -

TOTAL 1 318 - 228,100 bps 

25.000 -50,000 455 02 74,000 162 5-25 0 348 56 130 7,328 

26-100 0 6 97 870 84,500 

101-500 0 05 8 3000 24,300 
501-IWO 	 0 001 - 980 ­

>1l00 0 005 - 19400 -

TOTAL 1 162 116, 000 bps 

Table 5-12. Number of Government Mail Terminals 

NO. TERMINALS/CITY INEACH DATA RATE CLASSCITY SIZE CLASS NO. ____ 

CITIES Ikbps 1-3 kbps 3-10 kbps 10-40 kbps 

> 1,000,000 6 6,430 339 7 3 

500, 000 - 1,000, 000 20 3,128 165 4 2 

250,000- 500,000 30 1,518 80 2 1 

100,000- 200, 000 97 613 32 1 ­

50,000- 100,000 232 300 16 - ­

-25,000- 50,000 455 153 8 -

TOTALS 846 345,400 18,200 280 88 

TOTAL 	 364,000
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This table is in the identical form as the equivalent table for 

business mail terminals (Table 5-6). They are, therefor.e, combined in 

Table 5-13 and added to form the total number of terminals per beam or 

per city required for both business and government mail. This last 

combination is then multiplied by the number of cities or beams to form 

the final result displayed in Table 5-14, which summarizes the information 

from the previous table. It is seen that out of the total 540, 000 terminals 

452, 000 require a capacity of about 1/2 kbps or less, 53, 000 require 1 to 

3 kbps; 25, 000 require 3 to 10 kbps and only about 5500 require 10 to 

40 kbps. The conclusion is thus reached that the Electronic Mail system, 

even though having a tremendous total capacity and a very large number of 

terminals, is not very demanding in the data rate capacity of each terminal. 

This is a good result, since the system is likely to be able to work with 

fairly small satellites and with inexpensive small terminals. 

Table 5-13. Number of Business and Government Terminals 

NO TERMINALSIBEAM- NO TERMINALSIBEAM NOTERMINALSIBEAM- TOTALBUSINESS -GOVERNMENTCITYSIECLASSCITIES . -­

(BEAMS) I kbPs 1-3kbpS 3-10 bps 10-4 kbps 1kIP 1-3 kbps 3-10 kbps 10-40kbps < kbps 1-3 kbps 3-10 klps 10-40 kbps 

1l00'0004 6 

ODD 461 7 468SOO, - 1,000. 00 20 1980 658 98 6430 339 3 8410 997 101 

250,00- 50D,000 30 972 323 226 48 3128 165 4 2 410 488 230 50 

100,(OD- 250,000 97 468 155 109 23 1518 80 2 1 1986 235 111 24 

50,000- 100, OO 232 189 63 44 10 613 32 1 - 802 95 45 10 

2,O - 50,00 455 93 30 22 5 300 16 - M3 46 22 5 

TOTALS 846 471 16 11 2 153 8 - - 200 24 Ii 2 
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Table 5-14. Summary of Requirements - Business and
 
Government Electronic Mail
 

Number of Number of Terminals Per Beam-
City Size Class 
(Population) 

Beams 
One per City) .5 kbps 1-3 kbps 3-10 kbps 10-40 kbps 

> 1,000, 000 6 8410 997 468 101 

500, 000-1, 000,000 20 4100 488 230 50 

250, 000-500, 000 30 1986 235 ill 24 

100,000-250,000 97 802 95 45 10 

50, 000-100, 000 232 393 46 22 5 

25, 000-50,000 455 200 24 11 2 

TOTALS 846 452, 000 53,600 25, 000 5,360 
Beams Terminals Terminals Terminals Terminals 

Total Number of Terminals = 540,000 

Assumes 10-hr day (5hr transmit, 5hr receive), 250 daylyear 

However, some further tabular work is necessary before 

starting the satellite design, in order to understand the total data rate that 

each beam is to carry, and the total throughput of the satellite. To 
this end, Table 5-15 is shown in which the total data rate for each 

city beam is shown. 

This data rate is shown in the matrix in megabits per 

second (Mbps). This data is then totaled for each city size class and 
displayed as the total beam data rate required, in Table 5-16. From 

this table it is seen that the most heavily loaded beam for the six 
largest cities requires a total beam data rate of 12 Mbps, which is not a 
very large number, whereas the beams that are least lightly loaded are 

those for the smallest cities (as expected), and their data rate is only 

250 kbps. The total data rate in each city size class and a total number 

of terminals in each city size class are shown in Table 5-17, which 

indicates that the total satellite throughput is about 650 Ivbps. As satellites 
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Table 5-i5. 	 Business and Government Mail 
Requirements Summary 

DATA RATE PER 

NUMBER OFCITY SIZE CLASS CITIES (beams) <1kbps 1-3 kbps 

>I,000,000 6 2.5 2 

500, 000- 1, 000, 000 20 1.2 1 

250, 000- 500, 000 30 0.6 0.47 

100, 000- 250, 000 97 0.2 a 19 

50, 000- 100, 000 232 0.1 0.09 


25, 000- 50, 000 455 0.05 0.05 


- Data Rate 

CITY BEAM (Mbps) 

3-10 kbps 10-40 kbps 

5.5 2.5 

2.7 1.25 

1.3 0.6 

0.52 0.25 

0.26 0.13 

0.13 0.05 

Table 5-16. Beam Data Rate - Electronic Mail 

CITY SIZE CLASS NUMBER OF CITIES TOTAL NUMBER OF BEAM DATA RATE 
(POPULATION) (BEAMS) TERMINALS Mbps 

1,000,000 6 61,400 12 

500,000 - 1,000,000 20 100,600 6 

250,000 - 500,000 30 73,300 3 

100,000 - 250,000 97 83, 500 1 

50,000 - 100,000 232 95,700 0 5 

25,000 - 50,000 455 97,500 0.25 
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Table 5-17. Business and Government Mail - Total Data 

Rate Summary 

No of Terminals (Total)IData Rate, Total (Mbps) 

City Size Class Number ofCities (Beams) <1kbps 1-3 kbps 3-10 kbps 10-40 kbps 
>Il 000, 000 6 50,000115 6,000112 4,800133 600115 

500,000 - 1,000,000 20 82,000125 9,800120 7,800154 1,000125 

250,000 - 500,000 30 60,000118 7,000114 5,600139 720118 

100,000 - 250,000 97 66,000/20 9,200118 7,400152 970125 

50,000 - 100,000 232 77,000123 11,000122 6,500146 1,200130 

25;000 -50, 000 455 77,000123 11,000122 8,600160 900123 

TOTALS 846 412,000/124 54,0001108 40,700/284 5,400/136 

SUM TOTAL, ALL No. Terminals -- 512,000
Data Throughput -- 652 Mbps 

go, this isnot a prohibitively large throughput. For example, a current 
typical satellite transponder has a bandwidth of 36 MHz, and ifwe assume a 
conservative 1-bps/Hz, the 650 Mbps throughput requires only 18 trans­

ponders. This the total throughput of the required satellite could be handled 
by satellites of todays' vintage without requiring any advanced technology 

other than perhaps an antenna and an onboard mail sorting system. 
A last table was prepared to indicate the proportion of the 

total data rate per beam, as well as per satellite, that is due to "local" 
mail, and stays within a beam; as opposed to that which requires switching 
from beam to beam being "long distance" mail. The ratio was taken as 
30 percent based on Post Office statistics. The data rate in Mbps per beam 
as well as the total for each city per beam for local as well as long distance 
mail is then shown in the Table 5-18. This table will be utilized in defining 

the access rate per beam as well as the switching requirements from beam 

to beam. 

5-17 



Table 5-18. 	 Business and Government Mail - Data Rate 
Summaries (Local - Long Distance) 

Data Rate, Mbps (per Beam/Total) 

City Size Class Number of Local Long-Distance Total
Cities (Beams) (Within Beam) (Beam-to-Beam) 

> 1, 000,000 6 3 75122.5 8 75152 5 12.5175 

500, 000 - 1, 000 000 20 1.85137 4.31186.2 6 15/123 

250 000 - 500 000 30 0 89126 7 2.08/62.4 2 97/89 1 

100,000 - 250,000 97 0.35134.2 0 81/78 5 1.161112.5 

50. 000 - 100, 000 232 0.17/39.4 0.41/95.1 0.58/134 

25,000 - 50,000 455 0.08136.4 0.2/91 0 28/127 

TOTALS 846 -/196.2 -/465. 7 -1660 

A final summary of the number of buildings and terminals, 

and their locations, and the kind of information that they will have to convey 

is shown in Table 5-19. In addition to the information already discussed, 

this last table contains several entries that need a little bit of explanation, 

one of them being the preferred or maximum terminal cost. This was set 

based on considerations of break-even with current mail operations. The 

bit error rate for graphics and letters was derived from References 13 

through 15. This system requirements specification is then used in defining 

the system concept. 
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Table 5-19. System Requirements Specification - Electronic Mail 

USERS 	 SYSTEM
 

* 	 NUMBER - 540,00 0 FREQUENCIESILIMITS - TBD 
* 	 TYPE. BUSINESS AND GOVERNMENT ONLY 0 NUMBER OF BEAMS - 846 

1 ALL CORPORATIONS >IMASSETS (131,000) 0 BEAM DIAMETER 30-IOO0MILES 

I ALL LARGER GOVERNMENT BUILDINGS 0 OPERATIONAL TIME 1990 
(370ODD) (OWN AND LEASED) 0 LIFEISERVICING - 10 YR MINIMUM 

I TOTAL MAIL VOLUE = 15 BILLIONIYR 0 BITERROR RATES - <10-5GRAPHICS 

I MOBILITY - FIXED .<IO-12 LETTERS 

* 	 INFORMATION - 45%TYPEDIPRINTED LETTERS * INTERFACES - USPS 
45% DIRECT DIGITAL LETTERS
 
6%2GRAY LEVEL FACSIMILE GRAPHICS 
 - SBS 
3%64 GRAY LEVEL FACS IMILE GRAPHICS S CONNECTIVITY 10 %- RANDOM 
1%COLOR GRAPHICS 

* USER AGGREGATION - SEETABLES
 

I ANTENNA SIZE LIMIT - 3 FT
 
* 	 ACCESS TIME -< 1HOUR 

* 	 USETIME­
10 HRIDAY {5 TRANSMIT, 5RECEIVE)
 
250 DAYSIYR
 

I 	 TERMINALLIFE -NIA 
I PREFERRED OR MAXIMUM TERM INAL COST
 

COMMUNICATIONS $300
 
PRINTEPJREADER $500
 

* 	 SAFETY CONSIDERATIONS - NIA 
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5.2 CONCEPT DEFINITION 

The Electronic Mail concept will be defined in this section, 

beginning with link calculations, going through considerations of frequency 

selection, a description of the payload block diagram, the user access 

technique, and a definition of the satellite and the ground segments and of 

their costs. The concept to be defined is based on the requirements of 

Section 5. 1 and is illustrated in Figure 5-2. Though the diagram shows 

a 3-ft fixed antenna on the roof tops of the buildings, this was an assumption 

or wish, and not a requirement at this point of the study. Note the coverage 

in beams - each about 50 miles minor access - 846 of them being centered 

on U.S. cities with a population exceeding 25, 000 people. The total number 

- of buildings that will be interconnected through the satellite is 540, 000, 

with up to 8700 buildings in each area. Government and business buildings 

both are serviced, and all buildings communicate directly through a single 

satellite. 

- GOV't AND BUSINESS BUILDINGS SERVICED
 

*ALL BUILDINGS COMMUNICATE DIRECTLY
 
ROUH SINGLE SATELLITECO 

ALLBUL GSSRIE 
HAVE 3 ft D FIXED~ANTENNA. 

540,000 BUILDINGSE 

x10m ox,UP TO AF86COVERAGE AREAS,.5 

8700 BUILDINGS 	 CENTERED ON U S CITIES WITH
 

POPULATION >25,000
INEACH AREA 
SERVICED
 

Figure 5-2. Electronic Mail Satellite Concept 
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5.2. 1 Frequency Selection 

The selection of the best operating frequency for the 

Electronic Mail system is fairly easy in the sense that the bandwidth 

requirements are not large, a total of 12 Mbits being required for the most 

loaded beam, with perhaps three or four times that number for all beams 

operating together (due to frequency reuse). Thus, less than 100 MHz total 

allocation is required. "Mail" delivery is not a real-time requirement. 

The operational concept calls for the "mail" to be exchanged with all 

terminals at least once a day, although preferably more often. However, 

if a piece of mail is late by a few hours, the service will not suffer and 

will still be better than the current U.S. Postal Service physical mail 

handling delivery schedules. 

Thus it is concluded by a review of Table 5-20 that the best 

frequencies in which to operate are those at the 20 and 30 GHz bands, where 

the rain attenuation effect will simply be one of delaying mail delivery by a 

fraction of an hour at the cost of increasing buffer storage somewhere. 

The bandwidth required is readily accommodated in those bands, and there 

are no flux limits that need interfere. Thus, there is no reason to attempt 

to get allocations in lower frequency bands, which are much more congested. 

These considerations then lead to the 20 and 30 GHz band as being selected 

for the purposes of this study. While it is recognized that the system could 

be made to operate as well at lower frequencies, it must be borne in mind, 

however, that operation at a lower frequency would require a larger satellite 

antenna in order to maintain the roughly constant beamwidth needed for 

coverage, very much as in the Educational Television system. Furthermore, 

the maintaining of the constant beamwidth, and therefore constant gain for 

the satellite antenna, would require the user terminal antenna to increase 

directly with the decrease in frequency in order to maintain a constant link 

margin. All of these factors favor operation at a high frequency, high 

enough that allocations are no problem, and that assure interference-free 

operation. Since the rain attenuation will not produce unacceptable delays, 

there is no reason not to operate in the 20 and 30 GHz bands. 
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Table 5-20. Major Frequency Bands Available 

FREOHUzNCY SERVICE (USA) COMMENTS 

0.62 -0.89 TV, Satellite Mobile, Fixed Narrow Band, Flux Limits 
1.00 - 2.50 Fixed, Navigation, Mixed Congested, Narrow 
2.50 -2.69 Broadcast Satellite, Fixed Broadcast Only, Flux Limits 
3.70- 4.20 Fixed, Satellite Down Commercial Comsats, Flux Limits 
4.40 -4 90 Fixed, Satellite, Mobile in ITU Reg 2 Lightly Loaded 

Gov, Nay, Sat in USA (under revieW 
5.90- 6.87 Fixed, Satellite Commercial Comsats, Flux Limits 
6 87 - 6.925 Possible Satellite Extension Commercial Comsats, Flux Limits 

6 925 - 7. 125 Fixed + Mobile Satellite, Fixed Congested, Mobile
 
7 20-8 40 Government Only Congested, Military

8 40 - 8 50 Research Use for Tests
 

10.95- 11 7 Fixed, Satellite Commercial, Flux Limits 
11 70 - 12 2 Fixed, Satellite, Broadcast Broadcast Only, No Flux Limits 
12 50 - 14 5 Fixed, Satellite, Nay Some Flux Limits 
17 70 - 19.7 Fixed, Mobile, Satellite Flux Limits, Rain Attenuation, Broad 
19.70-20 2 Fixed, Satellite, Government Government Only
27.50-29 5 Fixed, Satellite, Mobile Broad, Some Mobile, Severe Rain 

Attenuation 
29 50 - 30 0 Fixed, Satellite Broad, Severe Rain Attenuation 
30 00-31 0 Satellite, Government Government 

>31 Various, Mixed Increasingly Available, Broad, but 
I_ Severe Rain Attenuation 

5. 2.2 Link Calculations 

Preliminary link budgets have been prepared based upon 
estimates of required data rates and reasonable equipment configurations. 

The highest average one-way data rate requirement has been estimated as 

6. 25 Mbps per beam. (The previous tables show 12. 5 Mbps, but that is for 

both sending and receiving for each terminal.) This combines the data rate 

for all classes of terminals for cities in the largest population category 

( 1, 000, 000), and assumes that the total government and business mail is 

transmitted during a 10-hr/day period of full duplex operation. This includes 

a safety factor of two since 5 hr of full duplex operation would "deliver all 

the mail". This data rate is approximated in only 6 of the 846 beams, with 

the average one-way data rate per beam being only about 0. 39 Mbps. 
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For the purposes of demonstrating feasibility a worst case 

was assumed, in which a peak capacity of twice that required, or 12. 5 Mbps 

is budgeted on uplinks and downlinks. The satellite antenna diameter was 

taken as 33.3 ft (10 n) and the earth station antennas were assumed to be 

of 3 ft diameter. No autotracking at the earth terminals was assumed, but 

a pointing loss corresponding to a 0. 25-deg error was budgeted. This 

assumes that the antenna is oriented so as to peak the downlink signal, and 

thereafter its gimbals are locked. The resulting 0. 25-deg error represents 

stationkeeping errors in the satellite, as well as any residual inaccuracies 

in ground antenna pointing. Use of the 20/30 GHz satellite communication 

band was assumed (20 GHz downlink, 30 GHz uplink). A rain loss of 

10 mm/hr was budgeted. On the average, this rain rate is exceeded during 

24 hr of each year for the typical eastern seabord location, but the average 

outage time due to rain is less than one hour. Since mail transmission can 

be delayed for several hours if necessary, the budgeted rain losses are, 

in effect, very generous and represent additional system transmission 

margins. 

The downlink budget is shown in Table 5-21, It may be noted 

that 2 W per beam is adequate for the satellite (and only a few of the 846 

beams require even this much power). 

The uplink budget is shown in Table 5-22. Mainly as a 

result of the higher rain losses at 30 GHz, the uplink power required (for 

the largest cities) is higher than the downlink power. Less than 10 / is 

required. These results are very reasonable and well within present state 

of the art. 

5. Z. 3 User Access 

A number of different access schemes were considered in 

connection with the Electronic Mail satellite system. Among them were 

the scanning spot beam technique in which a single high-powered transponder 

dwells on a pair of beam locations long enough to exchange mail between 
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Table 5-21. Downlink Budget (f = 20 GHz) 

TRANSMITTER POWER OUTPUT dBW 2 9 
FEEDLINE AND DIPLEXER LOSSES dB 1 0 
SATELLITE ANTENNA GAIN (33.3 ft dia dB 63 0 

7 = 55%, aIX= 1132) 
SATELLITE EIRP dBW 64.9 
FREE SPACE LOSS (30' elev *) dB 210.2 

RAIN LOSS (10 mm/hr) dB 9.0 
POLARIZATION LOSS dB 0 2 
POINTING LOSS (spacecraft antenna) dB 0 2 
DOWNLINK DEGRADATION MARGIN dB 1 0 
X DOWNLINK LOSSES dB 220 6 

GROUND ANTENNA RECEIVE dB 43 0 
GAIN (3 ft dia, "9= 55.) 

GROUND ANTENNA POINTING dB 0.6 
LOSS (0.25' error) 

RECEIVING SYSTEM NOISE TEMPERATURE OK 1200 
AT FEED (with 10 mm/hr rain) 

GROUND STATION NET G/l dBI0K 11 6 

(CINO)d = EIRP - I LOSSES + (G/T -10 LOG k dB Hz 84.5 
THEORETICAL (Eb/No) FOR Pe = 10- 6  dB 10 5 
IMPLEMENTATION MARGIN dB 3.0 
INFORMATION RATE CAPACITY Mbps 12 5 

all users in those locations -- and then hops to another set of locations. By 

going through the entire combination of possibilities, mail is exchanged 

between all senders and receivers. This can be updated every hour or at 

least once a day. This seems to be the simplest satellite technique for the 

'Electronic Mail System and has two big advantages; namely that inter­

modulation products are held down by time division multiple access, and 

thus the full power of the transponder can be used with no power backoff; 

and the second advantage that little if any storage need be provided in 

the satellite since the users' throughput equals the beam capacity at all 

times. It has a significant disadvantage, however, and that is that each 

user must then operate at the satellite throughput rate which, as we have 
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Table 5-22. Uplink Budget (f = 30 GHz) 

TRANSMITTER POWER OUTPUT dBW 8 0 

FEEDLINE AND DIPLEXER LOSSES dB 1 0 
GROUND ANTENNA TRANSMIT GAIN dB 46 5 

(3ft dia, '/= 55%) 

POINTING LOSS (with 0.25' pointing error) dB 1.2 
UPLINK EIRP dBW 52 3 
FREE SPACE LOSS (300 elev) dB 213 7 
RAIN LOSS (10 mmlhr) dB 16.0 
POLARIZATION LOSS dB 0 2 

POINTING LOSS (spacecraft antenna) dB 0 2 
UPLINK DEGRADATION MARGIN dB 1 0 
E UPLINK LOSSES dB 231 1 
SATELLITE ANTENNA GAIN (dia + 33.3 ft, dB 65 6 

17z 55%, of). = 1132 at transmit freq) 
SATELLITE RECEIVING SYSTEM NOISE °K 1230 

TEMPERATURE (referred to feed) 
SATELLITE (GT dBI°K 34.7 

(CINo) = EIRP -S- LOSSES + GT -10 LOG k dB Hz 84 5 

(Pe0 10- 6 for 12.5 Mbps with 3 dB margin) 

seen from Table 5-17, is over 600 'Mbps. Thus, even the smallest terminal 

receiving only ten letters a day and requiring only a 150 bps terminal, must 

now have a terminal capable of 650 Mbps. This will result in high costs for 

the smallest users, and even for the intermediate size users; and was there­

fore rejected as being contrary to the principle of a complex satellite 

feeding many inexpensive user terminals. It is really quite the opposite; 

it is a satellite that is made simple at the expense of the users. 

A preferred scheme was therefore evolved in which 846 

transponders in the satellite operate in parallel through an 846 beam 

antenna, with the users within a beam being sampled many times a day at 

the beam rate (which varies from 250 kbps to 12. 5 Mbps), and all informa­

tion within a beam broadcast to all users in the beam in a classical TDMA 

mode. Each user with an intended receiver in the beam would then simply 

transmit the information during an assigned time slot and all users except 
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the intended receiver would reject that information, receiving only informa­

tion intended for them in other time slots. This is a very simple scheme 

and works well and each user need only have a terminal with a maximum of 

12. 5 Mbits throughput in 	 the largest cities, and 250 kbits throughput in the 

smallest cities. This results in low cost terminals. The scheme requires 

more complexity in the satellite, however, because if a user wishes to' 

access a receiver located in a different city he must go through some form 

of switching and storage system in the satellite to get to the proper beam 

for that city, and into the proper time slot for that user. 

The following description of outgoing and incoming mail 

collection is made with reference to the basic access scheme, and is 

illustrated in Figure 5-3. In this figure, a basic sampling time of 10 min 

(which number will be justified later on in .the discussion).' In this case it 

is clear that the user transmission and reception will be in portions of a 

letter and the user set will have to have some storage for reconstructing 

* ALL LINKS IN ALL BEAMS OPERATE INDEPENDENTLY AND IN PARALLEL 
TO LOCALTO LOCAL TO USER I IBE USERIN2EAMIIN BEAM 18USER 

FROM
USER 
SFRNo3 

UPLINK 
IN 

I 
FROM USER No 1 

FROM 
USER 

FROM USER FROMFR 
No 4 USER FROM USER No6 

R 
REPEAT CYCLE 

BEAM No N No 2 No.5 

-- 10 Hu 

FROM LOCAL FROM USER 
USER IN BEAM No 2 

FROM 
FROM USER LOCAL 

IN BEAM No ill I USER 

TO 
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No 3 

DOWNLINK TO USER TO USER TO USER TO 
IN No1 N2 No4 USER REPEAT CYCLE 

BEAM NoW No5 
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Figure 5-3. Electronic 	Mail Collection and Distribution 
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the entire letter. However, storage on the ground is fairly inexpensive and 

the basic principle that has been adoptedin defining these concepts is that 
microelectronics progress will make information processing and storage 
among the most inexpensive components, either in space or on the ground, 

which should be maximized in holding the costs of the other components 

down. 

The following is a short description of the process of 

outgoing mail collection, mail sorting and routing, and incoming mail 

distribution. 

5.2.3. 1 Outgoing Mail Collection 

1. 	 Outgoing mail is originated as hard copy or pictorial data in 

user offices. It is routed manually or electronically to the 

user s mailroom. 

2. 	 The user's mailroom organizes each piece of outgoing mail 
into a system-standard format: a header containing the 

sender's and recipient's address, the date and the time, a 

message serial number, a message type identifier (e.g. ,' 
alphanumeric text, picture, terminal equipment designation 

code, etc. ) The message proper is then affixed, followed 

by an end-of-message (EOM) signal. 

3. Each piece of outgoing mail is fed mechanically into the 

page reader and stored electronically in the order of 
origination in the user's mailroom, awaiting a polling 

signal on the common order wire channel. 

4. 	 A common downlink order wire channel per beam sequentially 
polls all user mailrooms within that beam to initiate trans­

mission of outgoing mail on the user uplink channel (UUC). 

The polling sequence is prestored in the satellite central 

processor.
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5. 	 Upon receipt of the user mailroom identification number in 

the polling sequence, ,the user malroom transmits its 

accumulated outgoing mail on the UUC, followed by an end­

of-transmission (EOT) signal. If the user mailroom holds 

no outgoing mail, he replies with an EOT signal. The 

transmission duration will be a fixed time slot designated 

by the satellite processor, or the end of the stored mail 

message, whichever occurs sooner. 

6. 	 The receipt of the EOT signal by the satellite causes the 

polling sequence to advance one step, to permit interrogation 

of the next user mailroom in that beam. 

7. 	 The collection of outgoing mail contines until all user 

mailrooms within a given beam have their mail collected. 

Concurrently, new pieces of mail are being originated in 

individual offices and stored in the user's mailroom, awaiting 

a second mail collection. 

8. 	 When the system is lightly loaded, its collection rate is 

sufficient to permit multiple collections during a working 

day. Under peak load conditions all the mail accumulating 

in each user's mailroom is required to be collected at least 

once in each 10-hr day. 

9. 	 The collection rate upon which the preliminary link budgets 

are based is twice the average rate at which outgoing mail 

is being generated in those beams serving the highest 

population densities. No significant collection delay is 

therefore anticipated unless the instantaneous mail generation 

rate exceeds twice its average value. (The averaging interval 

is based on a 10-hr day). 
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10. 	 Since the mail input is generated independently by a large 

number of offices, sustained instantaneous rates exceeding 

twice the average rate are very unlikely, excluding normal 

diurnal and preholiday conditions. If the total normal daily 

volume of input mail could be presented instantaneously to 

the system, it would take the system somewhat in excess 

of 5 hr to collect it. However, such a situation has a 

probability of occurrence that is enormously small, and 

even then would exist in only 6 out of the 846 beams. 

11. 	 Abnormal patterns of mail origination and maintenance 

emergencies would be handled by operating the system at 

night. Furthermore, temporary mail overloads would be 

kept in paper form before being inserted into the Electronic 

Mail system, to minimize the need for high capacity storage 

in user mailrooms. 

12. 	 The collection of outgoing mail proceeds independently 

within every beam of the satellite system. A typical 

message structure is illustrated in Figure 5-4. 

5.2.3.2 Mail Sorting and Routing 

1. 	 Each UUC is demodulated aboard the satellite to permit 

sorting and routing of mail. The first three decimal digits 

of the recipient's address code are identical to the three 

decimal digit number of the satellite beam and the user 

downlink channel (UDC) serving that recipient. 

2. 	 Each message (header, text, and EOM) is routed to an 

onboard message store. The store is partitioned into 

846 storage areas, each one of which is uniquely associated 

with the recipient's satellite beam. (Alternatively, physical 

partitioning of the storage space is not necessary, provided 

sorting for real-time readout can be accomplished by 

sufficiently rapid random access). 
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END-OF-MESSAGE 
CODECODE,,ADDRESS 

USER No.1 USER No.2 	 USER USER No.4 USER USER 
No.3 No. N No.I 

BEAM No. 1 COMMUN ICATIONS SEQUENCE 

USER USER No.2 USER No.3 USER USER USER USER 
No.1 No.4 No. 5 No.M No.1 

BEAM No 412 COMMUNICATIONS SEQUENCE 

Figure 5-4. Multiple Access/Message Structure - Electronic Mail Concept 

5. 	 Hence, the onboard message store temporarily holds all the 

mail originated by every UUC, sorted into storage bins corres­

ponding to the recipient's UDC. 

6. 	 Read out of the onboard store associated with each UDC 

proceeds concurrently with readin and nominally at the same 

average rate. Each UDC storage bin is required to have 

sufficient capacity to accommodate any temporary excess of 

the combined data rates to that UDC from all UUCs to the 

extent that they exceed the readout rate of the storage bin. 

In the absence of such peaks, there would not be a need for 

mass storage aboard the satellite. 
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7. 	 Since unusual flows of mail sometimes develop wherein
 

particular recipient(s) may temporarily receive a heavy flow
 

of mail from many senders, means must be provided to
 

prevent overflow of UDC storage bins and resultant loss of
 

mail.
 

8. 	 Overflow prevention can take two forms. The satellite 

could contain unreserved blocks of mass memory that can 

be allocated to particular UDCs that appear to be experiencing 

temporary overloads. This would expand UDC memory bin 

capacity where needed, without requiring every bin to be of 

maximum size. 

9. 	 Nevertheless, it is to be expected that there will be occasional 

conditions where prolonged heavy flows of mail to particular 

UDCs threaten to overload the total reserve satellite memory 

capacity. Therefore, the satellite must have the capability 

to detect an impending memory overflow and selectively 

refuse 	to accept mail to certain destinations until the conges­

tion is cleared. (This is analogous to the mail embargo 

placed by the Postal Service to particular destinations that 

may be experiencing temporary problems). 

10. 	 Control of satellite congestion is therefore also accomplished 

by means of the downlink order wire channel in each beam. 

Interpolated within the normal polling sequence are the coded 

identification numbers of those UDCs for which mail is to be 

held at the point of origin. Upon receipt of the polling 

signal the equipment in the sender's mailroom recognizes 

the embargoed destinations and transmits the accumulated 

outgoing mail on the UUC, except for mail addressed to UDCs 

that cannot immediately handle the traffic. The mail that is 

so held is transferred to an off-line mass memory that is 
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selectively amptied when the congestion is cleared. The 

console display facilities identify destinations that are 

experiencing difficulty, thus permitting an operator to hold 

mail in paper form in cases of prolonged delay. 

11. Since any particular user earth station may be experiencing a 

temporary outage, due to failures or rain, some form of 

receipt acknowledgment must be relayed back to the satellite 

so that mail is not lost. Each user mailroom will normally 

acknowledge on the uplink order wire every transmission 

addressed to it. The satellite looks for this acknowledgment. 

Should an acknowledgment not be received, the downlink 

transmission may be repeated once or twice, and should 

acknowledgment still be lacking, the address of the user 

mailroom equipment that appears to be malfunctioning is 

added to the list of UDCs for which mail is to be held in the 

satellite for a sufficient time to accommodate the normal 

acknowledgment delay, before being erased. 

5.2.3.3 Incoming Mail Distribution 

i. Every user mailroom is equipped to receive the user downlink 

channel (UDC). The UDC transmission consists of a sequence 

of messages, each one of which is a piece of mail in system­

standard format (i. e., the header, the message, and the 

EOM). 

2. One UDC is provided per satellite beam. Each UDC carries 

only those messages destined to recipients served by that 

beam. 

3. Each user mailroom receiving system includes a decoder 

that responds only to recipients' addresses that it serves. 

These addresses are read from the header preceding each 

piece of mail. 
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4. 	 The acceptance of an address code by the decoder causes the 

associated message to be routed to a buffer storage unit. 

The readout of the buffer store is under control of the user 

communications controller, which provides speed conversion, 

code conversion (if necessary), and assignment of output 

terminals as appropriate to the message type identifier code 
included in the header. 

5. 	 The decoding of an address to a recipient that it serves, 

followed by an EOM signifying the end of that message causes 

the user mailroom equipment to generate an acknowledgment 

signal, which is sent on the uplink order wire. 

5.2.4 Payload Block Diagram 

The satellite payload block diagram can now be derived from 

the operating ground rules in the previous subsection. This diagram is 

shown in Figure 5-5. It is seen to consist basically of 846 simultaneously 

TRANSPONDER, BEAM No I 

6 MULTIBEAM L---------------
Gi@ ANTENNA
 

.2M (846 Beams) TIMING
 
MESSAGE
m 	 r"F - - TRANSPONDER, BEAM No 42 SORTING, 

GI 	 DIPLEXER RECEIVER DEMODULATOR STORAGE, 

t 122, 1- TRANSMI ER 	 SEQUENCINGMODULATOR PROCESSOR, 

All 1 O42,)-- AND 846-Beams and Trans- BUFFE 

ponders Operate
Simultaneously F - TRA -NSPOND-ER,BEAM N 4 

- All Users Within a Beam It 

Sampled Every 10 Min DPE R RECEIVER DEOUA R 
at 12 5 Mbps (Max) I 	 EL(4,] 

LO tL0846,2 I) 

Figure 5-5. Satellite System Block Diagram - Electronic Mail 
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active transponders, one for each beam. The transponders demodulate the 

datastream to baseband and remodulate the messages after sorting, storage, 

distribution, and sequencing. All users within a beam are sampled at least 

every 10 min at a rate depending on the data rate of the beam, which varies 

from 250 kbps to 12-1/2 Mbps. 

The multibeam antenna is virtually identical to that described 

for the Educational TV system in Section 4. 2. 5. 1. It has a diameter of 

9. 5 m at 20 GHz and 6.4 m at 30 GHz. It would use a dual frequency lens 

design as described in Section 4. 2. 5. 1. Except for the provision of 

846 local oscillator signals to the receivers and the same number of 

different frequencies to the transmitters; and the presence of modulators 

and demodulators, the transponders appear similar to conventional trans­

ponders, with a bandwidth not exceeding that required for 12 1/2 Mbps data 

rate. (Each transponder could readily have a bandwidth in the order of 

15 IMz.) 

5. 2. 5 	 Satellite Segment Definition 

The satellite segment is defined much as the Personal 

Communications satellite was defined in Section 3. 2. 5 and the Educational 

Television satellite defined in Section 4. 2.5. The items upon which design 

attention was focussed were the antenna, the processor, propulsion and 

power, and system design. 

5.2.5.1 	 Antenna 

The antenna design is identical to that developed under 

Section 4.2. 5. 1 for the Educational Television initiative. It is a 20- and 

30-GHz antenna, fashioned for this study as a multibeam lens. Due to the 

digital datastream, the 15 dB sidelobe ratio of the bias antenna, as 

predicted in Appendix A, will be entirely satisfactory, allowing all beams 

to occupy only three times the bandwidth occupancy of one beam, with 

nonadjacent beams being in the same frequency. Thus, since 12 i/Z Mbps 

or 12 to 15 bHz is all that is required for the highest rate beam, the entire 
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frequency occupancy of the Electronic Mail system is less than 75 AMHz of 

bandwidth. The weight and other characteristics of the antenna would be 

expected to be virtually identical to that shown in Section 4. 2. 5. 1, and 

illustrated in Figure 4-12 and Table 4-28. As in that section, the antenna 

could be offset-fed paraboloid as well. The expected weight is 340 kg. 

5.2.5.2 Onboard Processor 

The onboard processor required for this satellite is basically 

a multibin buffer described functionally under the description of the user 

access in Section 5. 2. 3. Pictorially that function is illustrated in Figure 5-6. 

It is seen that a message received in beam No. 1 from one of the users in 

that beam, but intended to be received by another user in the same beam, 

bypasses the message storage process and is inserted into the datastream 

at the proper time slot by the nre ssage sequencer for that beam. This 

occurs in parallel in all beams. A message received in a given beam, but 

READ- READ-
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Figure 5-6. Onboard Message Routing and Sequencing - Electronic Mail 
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intended to be transmitted in a different beam to be received by a user in 

the other beam, is read into temporary storage in a buffer associated with 

that beam. There it awaits the proper time to be inserted into the downlink 

datastream to be properly sequenced with other messages. The storage bin 

of each beam thus accepts messages from all the other beams as messages 

addressed to users in that particular beam arrive at the satellite. 

There may be many messages arriving at essentially the 

same instant of time, since the beams are not coherently sampled (nor can 

they be, due to their different beam data rates and number of users per 

beam). Thus the storage for any particular beam is sized to accept 

temporary loading of messages from all the beams as they come in. 

However, that storage bin (and every bin) is read out through the message 

sequencer at the average beam rate for that beam, which is calculated to 

be twice the incoming datastream rate. It is thus unlikely that large storage 

peaks will occur. Actually some excess storage would be needed to handle 

unusual situations, which would be provided for by floating buffers or by 

command override holds. This storage process would occur in parallel in 

all beams, and is a fairly straightforward process utilized in many compu­

ters today. 

A first estimate was made for the required computation, 

processing, and memory for such a processor/buffer system. The total 

size, weight, and power estimates are based on 1990 technology projections 

and the data rate requirements as previously formulated. The computer 

controls the basic store and forward functions in the satellite. The blocking 

factor is assumed as 10, 000 bits per block. The data rate is assumed at 

iZ. 5 Mbps in every beam, with a maximum aggregate of 660 Mbps, which 

is 66, 000 blocks per second. This is a block rate of one every 15 fLsec. 

The processing algorithm must do a sort (interpret) and route (initiate 

transfer) function, which is estimated as 250 instructions. In 1988, an 

average instruction time of 200 nsec is assumed which results in 50 1sec. 

Thus four 32-bit word length (4 x 5 sec = 60 fisec) computers are necessary 
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with some sort of common memory and multiprocessing configuration. Four 

machines in parallel and two back-ups are assumed, each with iM bytes of 

memory. Packaging is one ATR militarized unit per, 32-bit word length 

computer. 
The resultant processor/buffer characteristics projected to 

the time period are a weight of 408 ib, a power consumption of Z. 4 kW; and 

a size of 6 ft 3 total, broken down as six 1-ft 3 ATR boxes. This appears to 

be a very reasonable processor to incorporate into the satellite in the time 

period. 

5.2.5.3 Propulsion and Power 

The propulsion system for the Electronic Mail satellite follows 

very much the design for the Educational Television system described in 

4. 2. 5. 3. Orbit transfer from low altitude to geostationary altitude will take 

place self-powered with three ion thrusters in parallel. The power that 

must be available for these thrusters in the order of 10 kW which, as it will 

be seen, is compatible with the power needs of the satellite in an operating 

mode. 

The system will transfer itself in somewhat more than one 

year using this thrust level with only three 30-cm thrusters identical to 

those used of the SEPs propulsion development system. The stationkeeping, 

propulsion was chosen as four smaller plasma jets operated in two pairs, 

with a total power requirement of 360 W overage. The reduced thrust is 

made possible by the small disturbing forces experienced in synchronous 

altitude. The total system weight for stationkeeping is less than 150 lb 

including propellant for three years on orbit. It is estimated that the 

satellite will be revisited every 2 years making a larger propellant load 

unnecessary, though it certainly could be provided at negligible weight 

penalty to the satellite. The attitude control system was selected to be a 

fairly standard small hydrazine thruster system with 12 thrusters in couples 

about three axes. The thrust level is about 0. 1 lb and the total system 
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weight is 190 lb making the entire propulsion system weight less than 

1500 lb for 	all propulsion functions; and obviating the neef ror a separate 

orbit transfer vehicle. 

Table 5-Z3 illustrates these numbers that were derived for 

a 5000-lb estimated weight of satellite. At this weight the satellite could 

readily be placed into orbit using an IUS, however, such an upper stage 

propulsion is not suggested inasmuch as the antenna design cannot withstand 

more than about 0. 1 Gs. A design to withstand the three or so Gs of the 

IUS would be significantly heavier and more expensive. Such a tradeoff of 

course is possible and should be performed in follow-on design studies. 

For the sake of this study, self-powered transfer will be selected for orbit 

transfer, as was done for the two previous initiatives. 

The power system design follows from the estimate of the 

total power consumption. This is in the order of 8 kW. A solar photovoltaic/ 

battery system was chosen as being the only reasonable one for that power 

Table 5-23. Propulsion for Electronic Mail Satellite 

POWER, THRUST, PROPELLANT DRY TOTAL THRUST DUTY 
FUNCTION DESCRIPTION 	 ISP, WEIGHT, WEIGHT, WEIGHT, TIME, CYCLEb lb lb DAYS 	 PERCENT 

ORBITTRANSFER 	 3 ION 10 0.096 3000 1130 15 1145 408
 
THRUSTERS
 
INPARALLEL,
 
(30 cm SEPS­
type) 

STATIONKEEPING 	 4 ION 0.36 0.004 2800 30 120 150 20 
ENGINES, IN 
2PAIRS 

ALTITUDE 12 HYDRAZINE - 0.1 230 160 30 190 < 5
 
CONTROL THRUSTERS IN
 

COUPLES
 
ABOUT 3AXES
 

TOTAL 18 

Propellant for 3yrs 

- 5000 lb satellite assumed 
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level in the time period. The total power system would be modular and 

would be expected to weigh in the order of 900 lb for a BOL power of 10 kW. 

The power system would be oversized by 30 percent, initially, to allow for the 

power degradation in the time the system spends during the orbit transfer from 

low altitude to final synchronous orbit, during which time the power level is 

expected to degrade about 30 percent. Thus the beginning of life power in low 

altitude orbit is about 13 kW, while the beginning of life capability in synchro­

nous altitude is about 10 kW. The rest of the system sizing follows that of the 

Educational TV and Personal Communications initiative (Sections 3. 2.5.5 

and 4. Z. 5.5) in which somewhat more data are shown on power system 

sizing. 

5.2.5.4 Design 

The design of the Electronic Mail satellite follows very much 

the same philosophy as that of Educational Television and Personal 

Communications satellites. 

A physical description of the major components is shown in 

Table 5-Z4, from which it is seen that the processor and the transmitter 

require the bulk of the power of the satellite, with an additional 360 W of 

power being required on-orbit by the translation ion engines. The power con­

sumption shown for the transmitters is much larger than actually needed, since 

only six out of the 846 require the full 3 W - an average being less than I W. 

A weight estimate for the satellite is shown in Table 5-25 

from which it is seen that the total weight of the satellite is expected to be 

about 5300 lb. This includes a 20 percent weight contingency. Note that 

the solar arrays and the structure were sized for 13 kW to allow for a 3-kW 

degradation in the transfer from low to high altitude. The satellite weight 

is the smallest of all the three satellites, and this satellite is felt to be 

closer to today's state of the art and, therefore to realization, than the 

other two satellites treated. A layout of the satellite is shown in Figure 5-7 

which is seen to be virtually a copy of the layout for the Educational Televi­

sion satellite of Section 4, with the exception that the solar panels are 

smaller inasmuch as the initial power requirement is not 65 kW but 13 kW 
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Table 5-24. Physical Description of Components - Electronic Mail 

PER UNIT TOTAL 
ITEM UANTITY DESCRIPTION IN 3 - T Fr3LB WATT LB kWN 

Antenna 1 Includes lens supports. 846 horns 700 --- 700 --­

feeds 

Diplexer 846 One per horn .1 .01 --- 05 8 5 ---

Includes preamp, mixer, IF.video 
Receiver 846 amps and substrate - 30 GHz, 2 02 .1 1 17 0 08 

FET 

Demodulator 846 QPS KDetector. Filter, substrate 01 001 002 005 1 0 002 

Processor I Buffer '8461, Switch Processor, 10,300 400 2400 6 400 2 4 
Control
 

Modulator 846 QPS KModulator Filter, structure 2 .02 1 1 17 08 

Transmitter 846 3Watts @20 GHz 4 01 9 2 35 68 

Generates 845 uplink and 846 down-Frequency 2 link subcarrers, distributes 200 20 200 46 40 4 
Generator includes case 

Master Oscillator 1 Generates master frequency for 200 20 200 23 20 .2 
system 

Table 5-25. Weight Summary Electronic Mail Satellite 

ITEM WEIGHT- POUNDS 

STRUCTURE AND THERMAL CONTROL 650 

ATTITUDE CONTROL (Excludes Reaction Control System) 35 

ELECTRICAL POWER AND DISTRIBUTION 900 

Arrays (13 kW) 255 
Array Structure (Including Orientation and Deployment Mech) 215 
Distribution and Conditioning 1 130 
Batteries kW B 0300}1 

ANTENNA 700 

Feed Horn Assembly 242 
Lens Assembly 70 
Support Struts 368
 
Guide Lines 20 

COMPUTER 400 

ELECTRONICS 265
 

PROPULSION AND REACTION CONTROL 1 625 

Propulsion and Reaction Control System (dry) 305 
Propellants and Reactants 1,320 

WIRING 75 
CONTINGENCY (20 PERCENT) 700 

SATELLITE GROSS WEIGHT 5,350 
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Figure 5-7. Electronic Mail Satellite 

The layout and design of the antenna are identical, as are those for the 

modular horn clusters. The electronics of course are different, but the 

propulsion systems are very similar. 

An artists' concept of the satellite from an oblique direction 

is shown in Figure 5-8, which is seen to be also identical to that of the 

Educational Television satellite except for the smaller solar arrays. The 

man is shown for scale of comparison only, not to imply that a man is 

needed for assembly. 

The packaging of the components for the Electronic Mail 

satellite can certainly be accomplished in a single Orbiter payload bay as 

shown by the example of Figure 5-9. In fact, this packaging can probably 

be done in less space than indicated by the layout. The satellite would be 

assembled in low earth orbit in the same way that the Personal Communica­

tions and Educational Television satellites were assembled in Sections 3 

and 4, with the electronics and horn interchangeable modular packages being 

utilized. The reader is referred to Sections 3. 2. 5. 6 and 4. 2. 5.4 for a more 

complete discussion. 
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Figure 5-8. Electronic Mail Satellite 

HORN CLUSTER AND 
ASSOCIATED ELECTRONICS 
AND GU IDANCE EQU IPMENT 

SOLAR ARRAY AND 
ASSOCIATED DEPLOY- BOOTLACE 
MENT MECHANISMS (2) LENS 

EXTENDIBLE STRUCTURE
 
CONTAINER CANS
 

Figure 5-9. Components Packaging - Electronic Mail Initiative 
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5.2.6 Ground Segment Definition 

In this section the user terminals will be defined including 

antenna, terminals, and input and output equipment. The link calculations 

of Section 5. 2. 2 showed that the links could be closed even for the largest 

and most heavily loaded beams, with a fixed 3-ft dia antenna on the roof of 

the building, and with only an uncooled FET frontend receiver. Four 

classes of terminals were identifibd as being necessary, fromthe smallest 

with a maximum speed capability of 500 bps or less, to the largest with 

a capacity of about 40, 000 bps. The system operation described in 

Section 5. 2. 3 assumed that each user set would be contacted by the satellite 

on a periodic basis in a time division multiple access scheme. The frame 

period was selected as about 10 min for reasons which are discussed in 

this section. In the 10 min available between samplings, the user terminal 

may or may not be able to send (or receive) a complete letter. More than 

likely it will not, with the message being sent in portions until completed 

letters are assembled at the receiving end (or read at the transmission end) 

from piecemeal transmissions in a time sequence. 

The size of the storage required is determined by the input 

and output machine speed and the beam data rate. One extreme would be to 

outfit the users with extremely fast input and output devices such as 

facsimile machines whose reading (or printing) rate would equal that of the 

data rate on the beam covering that user. Therefore, little if any electronic 

storage would be needed. The difficulty with this scheme is that it does 

not allow for breakdowns in some links to the intended users, and if an 

outage develops during a transmission attempt, the mail must pile up in the 

satellite. It is much simpler and cheaper to let the mail pile up on the 

ground in physical form or buffer storage, before it accumulates for many 

users, and to outfit the user terminals with slower facsimile units and 

larger buffer storage units. The opposite extreme would be found in 

facsimile readers and printers that were barely able to operate at the 

average speed of reception or transmission of letters required for the size 
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of the terminal. The buffer storage would then have to store up to 5 hr 

worth of transmission or reception (or both), this being the daily transmission 

time at the average rate, and feed it to (from) the printer at its speed capa­

city. 

The calculation for a required buffer storage is performed 

for somewhat faster use than the slowest fax machines, and is shown in 

Table 5-26. It is shown that the maximum buffer that would be required if 
the mail were collected and distributed only once per day varies from 
9 x 106 to 7 x 108 bits from the smallest to the largest terminal. This is 

shown in the fourth column. The price of such a buffer will be excessive 

for at least the smallest units as will be shown in the cost section, and 

would determine the total cost of the terminal. If the mail is collected and 
distributed every 10 min, however, the receiver buffer may be as small 

as 3 x 105 to 2.3 x 107 bits for the largest buffer, which is much more 

reasonable. 

Table 5-26. Buffer Store Required - Electronic Mail 

MAX. BUFFER 

TERMINAL 
SIZE 

NUMBER OF 
TERMINALS 

DATA RATE 
PER TERMINAL, 
(AVERAGE) 

(bps) 

REQUIRED IF RECEIVER BUFFER 
MAIL COLLECTED/ IFMAILCOLLECTED 
DISTRIBUTED(EDA EVERY 10 MIN 

O iCEPER DAY (bits) 

TRANSMITTER 
BUFFER, DUETO LINK 
OUTAGES 

(bits) 

TOTAL, 
TRANSMITTERTRSMrR 

BUFFERB 
(bits) 

___________(bits) 

SMALLEST -472,000 500 9x 106 3 x 105 1 8 x 104 3.2 x 105 

7 5MODERATE 35,400 3,000 5x10 1 6x106 Ix 10 1 7x 106 

LARGE 25,000 10,000 1 8x108 6x10 6 3 6x105 6 4x106 

LARGEST 5,730 40,000 7 x 108 2.3 x107 1 4x 106 2 4x 107 

1/100 LINKS UNAVAILABLE DURING ANY ONE-HOUR PERIOD, DUE TO WEATHER OR FAILURES;
MAIL SENT EVERY 10 MINUTES 
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The transmitter buffer on the other hand only needs to accept 

read-in information from the fax machine if there exists a link outage, 

unless a complex random letter sorter and reader is dreamed up. Thus the 

transmitter storage capacity depends on the outage time and the number of 

- links that are expected to be unavailable. It was felt reasonable, as a worst 

case, to assume that at most one percent of the links would be unavailable 

during any one hour period due to weather or failures. Thus the required 

transmitter buffer capacity is shown in the sixth column to vary from 

1. 8 x l0 4 to 1.4 x 10 6 bits from the smallest to the largest terminals. 

The total transmitter buffer then required is equal to the receiver buffer 

size plus that for link outages and is shown in the last column to be not much 

greater than that of the receiver buffer. These buffers will then allow 

system operation with a printer or page reader speed equal to the nominal 

required in the requirements definition of Section 5. 1. 

The smallest buffer or terminal operating at 500 bps average 

speed will send and receive a sample every 10 min. The transmission 

speed of the beam will allow up to 12 Mbps to be transmitted but the user 

sample will only take up a very small portion of it. For the smallest 

terminals operating at 500 bps 3/4 of an average letter can be transmitted 

per sample; whereas for the largest terminals operating at 40 kbps, the
 

transmission system will allow an average of 30 mail pieces each way or
 

60 total per 10-min interval. Thus the requirements for the average
 

speed of the input/output machines are seen to be about 500 bps for the
 

smallest and 40, 000 bps for the largest, with 10 min worth of buffering at
 

the input and output ends.
 

Consider now today's average data facsimile machine, which 

transmits a page of copy in 4 min over a telephone line. Assuming the 

resolution to be adequate at 100 lines per in, and the size of the frame to 

be transmitted at 8 by 10 in. the number of bps required over the data line 

with that machine is 3333. This of course fits readily on a telephone line 

through a modem and is widely used today. The smallest facsimile 
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machine required operates at only 500 bps rate, which is an equivalent of 

0. 25 pages per min or 4 min per page. This is indeed a small machine and 

can probably be produced in quantity for a very low cost. It would be 

similar to aXerox 200 or a Graphic Sciences 4100. The largest machine 

is similar to that of others in production today with speed of 0. 25 min per 

page or 4 pages per min. It would be similar to a 3M 9600 or Litton 

WASH-FAX I. 

At this point the question needs to be raised whether the mail 

system should utilize optical character readers, facsimile machines, or 

digital direct inputs. Many large offices, particularly in the next 10 years, 

will have many electric typewriters connected as output terminal devices 

for use in conjunction with internal data processing centers, or use direct 

digital tape as input or output storage of letters and transactions. Since the 

direct digital form for letters is more efficient in bits per page than a 

facsimile machine by about two orders of magnitude, as shown in 

Section 5. 2. 1, should such direct digital forms of input and output be 

available, facsimile machines would not be needed. This, however, would 

not handle graphic materials. The opposite is true, however, if the terminals 
are outfitted with facsimile machines they can produce not only pictures and 

graphic line data but they can also produce and reproduce the equivalent of 

typed pages. For this reason, and for compatability and simple inter­

operability, the input/output machines were selected to be facsimile 

machines. It is realized that in the future the entire mall terminal could be 

viewed as an extension of the data processing center. 

The data content of a typical page, which was estimated at 

405, 000 bits in Section 5. 2. 1, is an average of typed letters, black and 

white graphics, and color graphics at different percentages of occurrence. 

More than likely the initial Electronic Mail system should not have the 

capability for color, since it would raise the cost, particularly for the 

smaller units. Black and white compatible color units could of course be 

used to allow larger units to communicate color information, whereas smal­

ler units would only be able to send and receive compatible black and white. 
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The block diagram of the user terminals is shown in 

Figure 5-10. The transmitter power output is seen to vary with the size of 

terminal, as do the memory sizes of both the transmitter and viewer buffer, 

and the speed of the facsimile machines. 

5.2.7 Cost Estimates -- Electronic Mail System 

Cost estimates for the Electronic Mail system are 

presented in this section. The procedures used in generating satellite cost 

estimates are based on the SCM and subsystem CERs described in Sections 

3.2.7. 1 and 3. 2. 7.2. 

5.2.7. 1 Electronic Mail Satellite Cost Estimates 

The full-scale satellite for Electronic Mail is preceded by a 

concept demonstration system. The SCM output for that satellite is reflected 

in Tables 5-27 and 5-28. The full-scale satellite was estimated by applying 

3-ft FIXED SIZE NUMB CAPACITY MAX SPEED 
ANTENNA __SiE __ MBE (lettersfdaylterminail (bitslsec) 
ON ROOF SMALL 472, 000 31 350 

PAGE READER (FAX) MODEST 35,400 423 4,800 

MODERATE 25,000 600 7,000SPEED 
Small - 4m,nlpg ILARGE 5.730 2,620 30.000 
Large =0 25 mnlpg 

BUFESTOAG 30~zR (FAX)G,,PRIMTER

RANSMTTETOERTOORECEIVERBUFFERSTORAGESPEED-
Smalest- 32,1'bll S 20G~z Smallest • 3 xl105 bits I ISmall - 4 minlpgLrge-

s
Largest= 2 4x,07b t Sml =06WLret=23x17btLag =025 mn9 

Figure 5-10. Electronic Mail User Terminals 
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Table 5-27. Electronic Mail Concept Demo Satellite 

* * * ASSEPBLY DESCRIPTICNS * * * 

STABILIZATION AND CONTROL 
UNIT UNIT DDTE VtHICLt VEHICLE
 

ICfNT TYPE NO. WEIGHT POWER FACTCR D.E. COST TE. COST PROD. COST E4G. COST 
2C3 VALVe DRIVFR ASSY 1 1:6 5.9 1.00 165834. 15851. 25685. 0. 
3C3 SUN SENSOR 1 .3 .0 1.00 116150. 14519. 18541. 0. 
4C3 NUTATION DAMPER 1 2.8 0.3 1.00 77256. 15984. 17010. 0. 
6C3 CONTRCL ELECTRPCS 1 7.4 3.5 1.OC 1071594. 447818. 290184. 0. 
606 EARTH SENSOR ASSY 2 4.1 1.3 1.00 397432. 153300. 216465. 156808. 

1413 POWER CONVFRTER I 15.9 0.0 1.00 0. 0. 0. 0. 

tLY]LIAPY PROPULSI1t
 
UNIT UNIT OCTE VEHICLE VEHICLE
 

ICENT TYPE 4G. WEIGHT POWER FACTOR 0.E. COST T.E. COST PROC. COST ENG. COST 
834 THRUSTER 8 .7 .1 .I 13754. 45762. 77273. 76092. 

LAIA PROCESSING AND INSTRUHENTATIGN 
UNIT UNIT OCTE VEHICLE VEHICLE 

ICrNT TYPE 40. WEIGHT POWER FALTOR D.E. COST T.E. COST PROD. COST ENG. COST 
203 DIGITAL TELF$FTRY 1 8.9 3.0 1.00 447801. 139061. 177581. 0.
4C3 CDU 1 12.3 7.5 1.00 1558932. 47819. 61065. 0. 

CrPMINICATIONS 
UNIT UNIT DOTE VEHICLE VEHICLE
 

ICENT TYPE 40. WEIGHT POWER FACTOR D.E. COST T.E. COST PROC. COST ENG. COST 
IC3 BASE6ND AESY LNIT 1 2.0 .5 1.00 4462Z. 16117. 36060. 0. 
2C2 ANTENNA 1 6.4 0.0 1.00 349517. 137063. 75778. 0. 
3CE TRANSMITTER 2 2.1 10.9 1.00 152260. 47779. 139615. 60b41. 
401 RECEIVER 1 3.9 6.3 1.OC 77256. 24775. 39973. 0. 
5C3 COMMAND SIG COME 2 1.5 .9 1.00 20153. 30796. 41640. 6053. 
6(3 DIPLEXER 1 3.1 1.0 1.00 57409. 15451. 21442. 0.
62C ANTENNA,1O FT 1 175.0 0.0 1.00 5084244. 1332000. 2551446. 0.
671 SWITCH UNIT 1 75.0 100.0 1.00 2730600. 2664000. 3742121. 0. 

ELECTRIC L POWER
 
UNIT UNIT DOTE VEHICLe VEHICLe
TYPE 4I0. T.E. COT 9ST EG 1 0 j",T'I, WEIGHT POWER FACTCR G.E. COST 


218 BATTEPY 2 1.0 0.0 .10 1530§. 2043 0 G.5ST 

tCLIFMENTS USINC CJST ESTIMATING RELATIONSHIPS
 

3OTL VEHICLE VEHICLE 
NAME ILIGHT FACTER D.E. COST TE. COST PROV. COST ENG. COST

SCLAR ARPAY 53.6 1.0C 621537. 91452. 233593. 0. 
WIPING HARNCSS 47.8 1.00 217962. 128223. 173453. 1. 
TEFPAL CONTROL 30.4 1.00 833632. 110992. 114082. 0.PCWER CCNERTPPS 15.9 1.C 59OC16. 36756 . 234718. 9. 
FPCPULI1N FEO SYS 34.3 1.00 558139. 296332. 252305. J.
STRUCTURz 232.6 1.00 1454788. 1116260. 712610. 9.PCkER CO'4TRCL UNITS 66.6 1.00 464591. 298965. 331620. 3.SATFLLITE ADAPTER 45.7 1.00 65877. 345Z6. 36997. 3. 

FfOPELLANT WEIGHT 115.0
 
TCTAL SATELLITE EIGHT 99q.9


FISSION EQUIP WEIGHT 0.0 

ORIGINAL PAGE IS
 
OF POOR QUALITY
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Table 5-28. 	 Electronic Mail Concept Demo Spacecraft Cost Model 
(millions of 1977 dollars) 

------------- DDT+E---------------------- RECURRIAG ..----­
nlLSIGN TEST 	ANC TOTAL PP .DUCTIOh FA8 ANO 1DTAL 

SUESYSTEP COST ENGIhEERING EVALUATION ODT4E hNGINEfFING ASSEMSLY A2CU PING 

ST bCILFE Z.6 1.6 41.2 0.0 1.1 1.1
 
THERPAL CONTROL 1.4 *2 1.6 0.0 .2 .2
 
ELZCIPICAI POWE 3.3 .3 45 .1 1.6 1.6
 

LOPrLNCA TOS 14.5 -9 20.4 .1 9.4 9.6
 
CAIA IJNCLING 3.4 .3 3.7 C.0 .3 .3
 
STABILITY GhoCCNTkOL 3.1 .5 4.0 .3 .6 1.1
 
ALNIL1ARY PROCULSICN 1.0 .5 1.4 .1 .5 .6
 

5PAFCECRAFT 	 29.2 10.5 39.7 .6 13.8 14.4 
PISSICN t1,IPENT 	 0.0 0.0 

SAIELLITE 3,.7 14.4
 
QUALIFICATION UITIS) O.
 
GSE (ACE) 	 2.4 

.6
 
CLNTRAC OR FEE 3.0 1.1

LALNCF SITE SUPPORT 


1LIAL SATELLITE 	 45.]1 16.1 

AVEFACF UNIT COST I 1 SATELLITES) 	 16.1 

T"£AL SATELLITE 01T+E AND
 
RECLFFING C1ST 
 61.2
 

subsystem and component CERs to the weights provided by Table 5-29; the 

cost estimate is given in Table 5-30. It is seen to cost about $41 million, 

with the RDT&E phase costing about $107 million. 

5.2. 7. 2 Ground Segment -- Electronic Mail System 

The ground segment includes the receiving and transmitting 

equipment, the antenna, the facsimile archives, and the data storage 

required at the building sites. Cost estimates for each item of equipment, 

the quantity of each, and the basis for the estimates are shown in Table 5-31. 

In addition, yearly operations cost estimates are provided in the same table. 

5.2.7.3 Life-Cycle Cost 

These costs are based on the flow of the development plan, 

to be discussed in Section 5.3. The life-cycle costs include: (1) the 

Concept Demonstration satellite launched into geosynchronous orbit by 

a Shuttle and ITlS (shown in Tables 5-32 and 5-33), (2) the Technology 
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Table 5-29. Electronic Mail Satellite Weight Breakdown 

STRUCTURE 

BASIC STRUCTURE 
SOLAR ARRAY ORIENTATION 

THERMAL 

ELECTR ICAL POWER 

ARRAYS 

BATTER IES 

POWER CONTROL 

WIRING 


ALTITUDE CONTROL 

PROPULSION 

N2 -4 THRUST SYSTEM 
ION THRUST SYSTEM 
PROPELLANT 

MI SS ION EQUIPMENT 

COMPUTER 
TRANSPONDERS 

FREQ. GENERATORS 
MASTER OSCILLATOR 
ANTENNA 
ANTENNA FEED 

TOTAL SATELLITE 

BASIC 


730 

(515) 
(215) 

85 

760 


(255) 
(300) 
(130) 
(75) 

35 

30 
275 

1320 

400 
205 

40 
20 

458 
242 

WEIGHTS (1b) 
WICONTINGENCY
 

900 

100
 

870
 

50 

35 
315 

1515 

460 
230 
50 
25 

525 
275 

5350
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Table 5-30. Electronic Mail Satellite Cost Estimate 

STRUCTURE 

THERMAL 

ELECTRICAL POWER 

ATTITUDE CONTROL 

N2H4 SYSTEM 

ION SYSTEM 

COMPUTER 

TRANSPONDERS 

FREQ GENERATORS 

MASTER OSCILLATOR 

ANTENNA 

ANTENNA FEED 

SUBTOTAL 

TOTAL (mcl GSE, Launch Ops 
support, and fee) 

(Thousands of 1977 dollars) 
DDTE UN IT 

16000 3799 

2789 326 

9870 3959 

6605 1615 

1525 536 

5760 4768 

18031 5266 

3409 1542 

3752 2313 

2989 725 

16860 2657 

7250 10267 

94840 37773 

107169 41550 
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Table 5-31. 	 Electronic Mail System Ground Equipment Cost Estimate 
(Satellite-based Alternative) 

ITEM-EQUIPMENT QTY 	 UNIT TOTAL BASIS OF ESTIMATE 

COST ($ Offs)BAIOFETM E 

ANTENNA, 3it 540000 700 378000 FROM REF.2; SCALED FOR LARGE QUANTITY 

RECEIVER, 20GHz 540000 50 27000 BASED ON REF.2,ESTIMATE ORDER-OF-MAGNITUDE COST 
REDUCTION 

TRANSMITTER, 30 Gz -	 ORDER-OF-MAGNITUDE COST REDUCTIONS FROM REFZ 

LARGE 27000 300 81000 
SMALL 270000 150 40500 

BUFFER, STORAGE &CONTROL BASED ON REF.3 ESTIMATES 
474D0 443 209982 BIT CAPACITY =3x 105USER 1 

= 
USER 2 	 35000 4300 150500 BITCAPACITY 2x Io6 
25000 7500 187500 BITCAPACITY =6x 10/USER 3 	 7 
6000 23500 141000 BITCAPACITY = 2x 10USER 4 

INSTALLATION 137796 20 OFEQUIPMENT COST 

FAX ORDER-OF-MAGNITUDE COST DECREASE FROM CURRENT 
PRICES PLUS 

USERS 1-2 509000 300 152700 FIFTY PERCENT INCREASE FOR SIMULTANEOUS READ IN-OUT 
USERS 3-4 31000 3000 93000 4-6 mm/page USERS 1-2, 4 pgslmIn USERS 3-4. 
TOTAL EQUIPMENT 1598978 

YEARLY
 
OPERATIONS &MAINT/YR BASE OR AMOUNT 

OR%1$000,'S) 

ANTENNAS 378000 5% 18900 
ELECTRONICS EQUIP 975278 7% 68269 
FAX SERVICE 245700 12% 29500 TYPICAL SERVICE CONTRACTS @ 1%OF PURCHASE PRICE Ino 
TAXES 1598978 2% 31980 
POWER 222200 kW $10/kWlyr 22220 10 hr/day, 200 dayslyr 

170869 
( &A 	 170869 10% 17087 

TOTAL EQ OPS & MAINT.Iyr 	 187956 

Table 5-32. 	 Electronic Mail Satellite (Concept Demo) Payload 
Program Cost (millions of 1977 dollars) 

,'VEIGHTS COST FACTOR BASIC AV3 FIRST COST ESTIMtTE 
SUSSYSTEM ORY TOTAL OTHER INPUTS 0EV PROD POTE M4IT U'41T RDTs It4'ESTOFS TOTAL 

STRUCTURE 308 308 TYPE, ENDO 1 000 1 000 7 2 9 

.RCC$INSCO'.\"N 
STA8ILITYCONTROL 

Z 
'0 

298 ALT, 
00 TIPE, 

SYIC 
3-AXIS 

1 000 1 000 
1 000 1 000 

27 
4 

11 
1 

27 
4 

11 
1 

38 
5 

PP'OULSIO 34 1', TOT IKP(L)0. 1 000 1.000 2 22 1 3 
... P'PDoV A9 4B 11 5 1.A 
3ISSICEQUIPMtENT 0 0 COIPLX7Y, LOU 1 000 1 000 

SATELLITEACE 

-

a5 

.AUN 

1000 

~UO9Ta 
0 000 

000 

45 16 45 16 61 

"ISCELL'lOLS 
SE A\3 TO 
;ELIABIL:TY EFF 

FISCA. YEAR 1982 198 1984 198S 1986 1007 1988 1%89 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
CESI' S PEOESIGNSI"O 

S ACECPA=T tO 

MISSEG E.JIF.ZNT 
SA CLLITE SCH EOULE 

-d 'E PEIZAABLE 1 

FISCAL EAR 1978 1979 1980 1981 1982 1963 1954 1985 ISS. 1987 1988 1989 1990 1991 1992 1993 199 1995 1996 1997 1998 1999 2000 TOTAL 
FU2BINS 

ROTE11 	 t 
INVEST-N.T 4 9 3 

OPERATIO S.OSSES 
TOTAL 	 15 34 12 
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Table 5-33. Electronic Mail Satellite Individual Program Cost Breakdown 
through 2000 (millions of 1977 dollars) Launched from ETR 

FISCAL PAlLOAD LAUNCH VEHICLE TRAFFIC PROCRAH COSTS 
EAP TRAFFIC A B C 0 E F 0 PAYLOAD COSTS LAUNCH VEHICLE COSTS FROS 

HR N D 

1 0 6 6 6 
I cl 
 11 4 15 S a 23
19S2 25 34 9 9 43 

IQI n
 

I.33 

TOAf1 l 10 0 2- I 

1997
1 030 

T5 16 61 25
 

Demonstration portion of the full-scale Electronic Mail satellite launched 
to low orbit in a shared mode on the Shuttle (Tables 5-34 and 5-35), (3) the 
balance on'modules required for the full-scale Electronic Mail satellite 
launched to low orbit on a shared Shuttle flight (Table 5-36), (4) on-orbit 
maintenance calculated at 9 percent of unit cost wvith launches on a Shuttle 
and 1-US every third year (Tables 5-37 and 5-38), (5) Mission Control 
including $35 million for equipment and $5 million annual operating cost 

(Table 5-39), and (6) Ground Equipment -- acquisition and operation 
(Table 5-40). Total program life-cycle cost is given in Table 5-41. It is 
seen to be $3. 94 billion over a period of almost 20 years. It is shown 

time-phased by fiscal year in Table 5-42. User cost by equipment by type 
of user is provided in Table 5-43. 
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Table 5-34. 	 Electronic Mail Satellite (Technical Demo) Payload 
Program Cost (millions of 1977 dollars) 

WEIGHTS COST FACTOR BASIC AVG FIRST COST ESTIVATE
 
SUSSYSTEW DRY TOTAL OTHER IMPUTS 0EV PROD ROTE UN4IT UMIT ROTE INVEST OPS TOTAL
 

STRUCTUP5 800 800 TYPE, ENDO 1 000 1 000 21 4 21 4 25
 
.LECTPCAI POWER SfOROATS on9 I -- I-

TRACKISCCtIAO 700 700 ALT. LeD CR81 1 000 1 000 49 7 49 7 56 
STASILITYCOITPOL 50 50 TYPE, 3-AXIS 1 000 1 000 8 2 8 2 
 10 
FPOPULSIOGH 350 	 450 TOT IhP(LIO 1 000 1 000 8 6 a 6 14 

1tAd1ECRtT 70 71 % 0'0 5
 
MISSION EQUIPENT 0 0 COrPLXTY, LOA 1 000 1 000
 

SATELLITE . 2400 2500 
 93 22 93 22 115
 
AGE 0 000
 
I 0IICH Sl'PPOOT 00
 
IISCELLAHIEOUS
 
SE A-O TO
 
RELIABILITY EFF 

TOTAl 9- 11 

FISCAL YEAR 1982 1983 1984 1985 1986 1987 1980 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
 
DESIGNS AND REDESIGNS

D
 
SPACEC AFT ,0
 
HISSICII EQUIPIEI4T 

SATELLITE SCHEDULE 
\CW (EXPENDABLE 1 

FISCAL YEAR 
 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 TOTAL
 
FUNDING 

ROTE 11 40 33 9
 
INVESTMENT 6 12 4
 
OPEPATIGt0S
 
LOSSES
 
TOTAL 	 11 46 45 13 

Table 5-35. 	 Electronic Mail Satellite (Technical Demo) Individual 
Program Cost Breakdown Through 2000 (millions 
of 1977 dollars) Launched from ETR 

FISCAL PA)LOAD LAU)CH VEHICLE TRAFFIC PROGRAM COSTS 
YEAR 0 ,FFIC A B C D E F G PAYLOAD COSTS LAUNCH VEHICLE COSTS pPOG 

505' CII f OflYF I ~ .~P&.J.OQ TnTA" T-__ o~S~t L nt t. 

1978 
------------------------------------------ ---------------------- ----­

,Sa0I930 

±982 

93­

105. 
1050 
19T 

1033 

1 7 

40 
33 

9 

6 
12 
4 

46 
43 

15 

5 

1 

5 
7 

1 

51 
51 

14 

1S90 

19-3 
1-94 

1907 
191$ 

1000 

TOTAL 1 93 22 115 13 010GNA13 128 PGEI 

ORIGINAL PAGE ISOF POOR QUALITY 
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Table 5-36. 	 Electronic Mail Satellite Individual Program Cost 
Breakdown Through 2000 (millions of 1977 dollars) 
Launched from ETH 

FISCAL PAYLOAD LAUt4CHVEHICLE TRAFFIC PROGRAM COSTS 
YEAR TPAFFIC A a C C 5 F G PAYLOAD COSTS LAUNCH VEHICLE COSTS PECS 

H P 0I 
STSC 51T1T fF T11 nO fnl Y T Tk PS . T.TI T0T1 

1 77 

19t0 

1085 S 5 2 2 
102, 7 11 18 3 3 21 
'A, 

1089 

1990 

19'419 5


1q9 

200D 

TOTAL 1 3 	 14 10 3$ 66 30 

Table 5-37. 	 Electronic Mail Satellite On-Orbit Maintenance Payload 
Program Cost (millions of 1977 dollars) 

R'XLOD-2POC " 

WEIGNTS COST FACTOR BASIC AVG FIRST COST ESTIMATE 
SUBSYSTEM DRY TOTAL OThERINPUTS DEV PROD ROTE UNIT UNIT ROTEINNEST OPS TOTAL 

STPUCTUME 0 0 TYPE, ENDO 1 000 I 000 
ELFCTOIC4L 1.0200 p I 00? 0fT P 
TPAC.IG,CO .M0 0 0 ALT, Lcd ORBIT 1 000 1 000 
STADILITY,CCNTROL 0 0 TYPE, SPIl 1 000 1 00 
PPOPULSIOs 0 0 TOT IMP 0. 1 000 1 000 

5PCECPAFT 0 0 

MISSIOI ECJIP.ENT 0 0 CC'PLXTY, LOA 1 000 1 000 415 15 
SATELLITE 0 04 1is 

AGE 0 000 0
LAI'CH 5U P3'T 	 0000 
HIISCELLAI.OUS 
SE A',D TO 
RELIABILITY EFF
 

FISCAL YEAR 1982 1983 1984 1905 1986 1907 1988 1989 1990 1991 1992 1993 199. 1995 1996 1997 1998 1999 2000 
DESIGNSAND REDESIGNS 

SPACECPA-T 
NIISSIO ECQU.PENT 

SATELLITE SCHEOULE 
HER(EXPZtMOBLE I 	 1 1 1 1 4 

FISCAL YE.R 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1905 1996 1997 1908 1999 2000 TOTAL 
FUNSIEG 

POTE 
INVESTMENT 	 1 2 1 1 2 1 2 1 1 2 1 
OPERATIONS
 
LOSSES
 
TOTAL 	 1 2 1 1 2 1 2 1 1 2 1 
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Table 5-38. 	 Electronic Mail Satellite On-Orbit Maintenance Individual 
Program Cost Breakdown Through 2000 (millions of 1977 
dollars) Launched frofm ETR 

FISCAL PAYLOAD LUCH VEHICLE TRAFFIC PROGqAM COSTS 
YEAR TRAFFIC A 8 C D E F G PAYLOAD COSTS LAUNCH VEHICLE COSTS P2OS 

IE' STp ODTF MPS IOq ,, pT, DTIC047 IN- **_, OaS I 
MR M D 

1978 

10 30
 
1031
 
1932
I03
 

1085
 
1916 4 6 
,097 A a1 0 
1"35 2 9 9 11 
19S 1 10 1 0 1 1 a a19qO 	 1 1 8 5 

1902 1 a 0 1 0 a a 
1993 a 1 0 0 
a9 2 2 9 11 
'ocI a 	 10 0 f I a * 
lO~o 1I a 
1997 2 9 11 
199a 1 1 0 1 0 1 1 . 3 
1999 

TOTAL 4 4 0 4 0 	 15 15 1O0 100 115 

Table 5-39. 	 Electronic Mail Satellite Mission Control Payload 
Program Cost (millions of 1977 dollars) 

-EIGITS COST FACTCR BASIC AVS FIRST COST ESTIrATE
 
S3SSTEM DP( TOTAL OThER INPUTS 0EV PROD ROTE UNIT UNIT ROTE IAEST CP3 TOTAL
 

STRLICTUE 0 0 TYPE, ElCO 1 000 1 000
 
F.LTCTRIC[._7 RY 0 0QJA..3 1 --- , 1 000 0ODQ

79 C<I',iCC . _, 0 0 ALT, LC ORBIT 1 000 1 000
 
St.1ILI-1CCTROL 0 TIRE, 
 SPIll 1 00 1 000 

RROFULSII. 0 0 TOT IMP 0, 1 000 1 000 
SP'CC FT 

,IISSIC' E-JIP':NT 0 0 CO P.XTf, LOW 1 000 1 000 35 35 25 
SATELLITE 0 0 35 35 35 

1., 0 000 
-LA" C'1$UPRT eo5 5 69 

HISCELL :z.S 
SE '9 7D
 
PEL 'CILITY EFF
L

TOT	 3 6 5 100 

FISCAL YE P- 1902 1983 198 1985 1966 1987 1988 1989 1990 1991 1902 1993 1994 19 5 1996 1997 1998 1999 2000 
OESIG' 5 At' ROIESIGS;S 

SplC-C' FT 
1I53I0,lECU!, ,r 	 1 00 

SATELLITE SCHEOULE 
I.,E,(EXPEOABLE I 1 1 1 1 1 1 1 1 1 1 1 1 1 13 

FISCAL NEAR 17$ 1979 19Z0 1981 1982 1933 1984 193 1986 1987 19.8 1989 1990 1991 1992 1993 199 1995 190% 1997 1998 1999 2000 TOTAL
 
=U'DINS
 

ROTE 	 9 19 7
 
IlVVSTI EiT
 
OERATIOS 5 5 S 5 5 5 5 5 5 5 5 S 5
 
LOSSES
 
TOTAL 	 9 19 7 5 5 5 5 5 5 5 5 5 5 5 S 5 
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Table 5-40. 	 Electronic Mail Sat lite Ground Station Equipment 
Payload Program Cost (millions of 1977 dollars) 

WEIGHTS COST FACTOR BASIC AVG FIRST COST ESTIMATE 
SUBSYSTEM DRY TOTAL OTHER INPUTS 0EV PROD ROTE UNIT UiT ROTEItNVESTOS TOTAL 

STRUCTURE 0 0 TIPE, EhDO 1 000 1 000 
FLECTRICAt TVT Q9 0 LflT. 0 1 ___________________________________________
TRACI'3,CO' 'IA1Z 0 0 ALT, LOW ORBIT 1 000 1 000 
STABILITY,CONTROL 0 0 TYPE, SPIN 1 000 1 000 
PROF.JLKIB 0 0 TOT IMP 0 1 000 1 000 

Sp,%C0AFT 0 	 0
MISSIOIECUI ENT 0 0 COIIpLXTY, LOW 1 000 1 000 1599 1599 1599
 
SATELLITE 0 0 1599 1599 1599
 

AGE 0 000
 
[At""H PUPFOPT ( 0 9 6 50 '9 
MISCELLA'ZOJS 
SE Ato TO 
RELIABILITY EFF

TOTAL 	 1999 166 37O*;4! 

FISCAL YEAR 1982 1983 1984 1985 1986 1987 1986 1959 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
DESIR S At'S PSESIGNS 

SPAC C-AFT 
tSSIOG EQJIF.IENT 

SATELLITE ZCIECULE 
NEW(EXPENDABLE 1 

1 00 

1 1 1 1 1 1 1 1 1 1 10 

FISCAL YEAR 
FUNDING 

1978 1979 1980 1901 1982 1963 198 1985 19a6 1987 1988 1989 1990 1991 1992 19Q3 1994 1945 1996 1997 1998 1999 2001 TOTAL 

ROTE 
INESTMENT 
OPEPATZISOH 

192 6S7 560 160 

188 188 1S 188 188 188 188 188lea 185 
LOSSES 
TOTAL 192 67 5060 10 8 08 100 100 1840 10.9_8 

Table 5-41. 	 Satellite Traffic and Cost Summary Through Z000 
(millions of 1977 dollars) 

SATELLITE PAYLOAD LAUNCH VEHICLE TRAFFIC PROGRAM COSTS
 
NAME TRAFFIC 1ST IUS TUG PAYLOAD COSTS LAUNCH VEHICLE COSTS FROG
 

STAGES 	 ROTE INV OF5 TOTAL IHV OPS LOSS TOTAL TOTAL
 

SATELLITE-BASED INITIATIVE
 

ELECTRONIC HAIL SYSTEM
 
ENlS(CO9CEPT DEMO) I 1 0 1.0 4 6' ?9 Ph
45 

EMS (TECHFICLDEMO) 1 7 93 22 115 13 13 126
 
ELECTRNIC MAIL SAT 1 3 14 19 33 6 6 39
 
EMS OlORBIT HAINT 4 4 0 4 0 15 15 100 100 115 
EMS MISSIOl COHTPL 1 69 1n0 100 

EMS GRO STA EQUIP 10 1599 1880 3479 3479 

SUBTOTAL 30 6 0 5 0 	 1786 
 72 1945 3803 	 144 144 3947
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Table 5-42. 	 Total Program Costs by Fiscal Year Through 2000 
(millions of 1977 dollars) 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1996 1999 2000
 

SATELLITE-BASED INITIATIVE
 

ELECTRONIC MAIL SYSTEM

EMS (COIEE£PT0EMO) 6 23 4" 14 

ENS (TECHNCL OWO) 11 51 52 14
 
ELECTPNIC MAIL SAT 7 21 11
 
EMS Odl-ORBIT MAINT 6 9 11 9 9 11 8 9 11 9 9 11 3

E'S ISSIOI f CONTRL ? 9 7 R q
 
EMS GHm TA EQUIP 687 560 160 188 188 188 188 188 168 188 188 188
l 192 188 

SUBTOTAL 6 23 43 34 70 258 733 585 176 202 202 204 201 202 204 202 202 204 196
 

Table 5-43. Electronic Mail - User Cost (Satellite-Based System) 

EQU IPMENT QCQU ISITION 

USER ANTENNA RECEIVER TRANS. BUFFER. INSTALL FAX EQUIPMENT SATELLITE TOTAL COST 
MEMORY INSTALL. FAX TOTAL COST COST PER USER 

1 700 50 215 443 88 300 1796 152 1948 

2 700 50 300 4300 860 300 6510 2056 8566 
3 700 50 300 7500 1500 3000 13050 2880 15930 

4 700 50 312 23500 4700 3000 32262 12000 44262 

ANNUAL OPERATIONS 

USER ANTENNA ELECTR. EQUIP FAX TAXES PWR ( &A SATELLITE TOTAL ANNUAL 
OPERATIONS OPS COST 

1 35 56 36 36 40 20 3 226 

2 35 384 36 130 40 65 30 729 
3 35 652 360 261 60 139 40 1547 

4 35 199 360 643 60 310 171 3576 
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5.3 	 DEVELOPMENT PLAN 

A development plan for the Electronic Mail initiative was 

defined using the same ground rules and philosophy carried out for the 

Personal Communications system in Section 3 and the Educational Television 

system of Section 4. The development plan thus follows the concept of 

measured steps for demonstration leading to an operational system, with all 

satellites orbited having operational utility. The development plan is 

illustrated in Figure 5-11. It is seen to be very similar to those shown in 

Sections 3. 3 and 4. 3, and assumes a concept demonstration step beginning 

in calendar year 1980. This satellite would demonstrate baseband switching 

using a minimum two-port processor buffer device operating in conjunction 

with two transponders of the right power and the right frequency, repre­

sentative of the final device, but using a 10-ft rigid antenna with only two 

feeds. This device would only be able to operate at the beam rate typical 

of the smallest of the final beams required in the final satellite. A number 

CYll 81 82 83 84 85 86 87 So n of 

SEP 
NO I DesinandFAbrdicalon A Test 0 - eralons-.................... 

taunActto l Trampsrer 

SEP toCEO 
NO.2 Designand Febric to Test 

Assemble 
SUEP in LED 
NO.3 Fabricate Test _Transfer peratons 

Assemble toGo IOC 
m LEO 

No 3S UEPSTEPNo2S E:PNo I SYSTJ _DMM¢STRATIM 
1 CONUEPTDEMONISTATIMOf ECi_-K EIO 	 tAI | 

S omeAntennae33 ft EmilitaeLeisma10 it RigidAnenna 2 Toms 

A ll M o d ules A d ded IoP r ec io u s S t 
2 Trans o da S U M3 

-S F oo d sige a sWEar 
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CEOfter Assembly 

S-d0OmfTmendols 
to 

ThseSricestor V? Yearen 	 s 
Reoe Tealprits" Sen/ices 

(0)01wBusie"NssledU ironl dDrnretand I FullW, me 
lea,fiazn s fMalrms 	 M0Using Offices in Cmaernmenil 

OPERATIIAL Al~l , nmerit Co1ernn 'fiand MUnessN.W oetcUTILIY I 
oenetB~es usinss 

PublicSenoops Eledrionlct'unds Tansfer a il 

State Telelosmutien Services Permanent Pltst PretUs 
Guenernmentand Ounes 
Business rs Class 

N ational a a Ne waf 

Figure 5-11. 	 Development Plan for Electronic Mail Initiative 
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of laboratory or shelf-type terminals would be procured - 10 with less than 
1 kbps capacity, five with a 5 kbps capacity, and two with 40 kbps capacity, 

to demonstrate the operation of the terminals at their eventual speeds. 

The satellite would be tested in low earth orbit, even though 

its weight is only about 1000 lb, in order to maximize the use of the space 

shuttle. It would then be transferred to geostationary orbit using an IUS and 
following checkout be leased or sold for remote teleprinter applications, 

state telecommunicating service needs or public service communications of 

all types, or form the basis for a budding National Data Network. This 
operational capability would remain at least through the 1989, and perhaps 

later, time period. 

The second step would begin construction in 1982 and would 
consist of the technology demonstration step featuring the final antenna ­

9. 5-m dia dual frequency lens antenna in a strategy identical to that used 
in Sections 3.4 and 4.4. This antenna would be orbited in 1986, deployed 

in low earth orbit, and assembled with about 10 percent of the feeds and 
transponders for the final satellite. They would be modular, as would be 

the power components and the space processor. Only 10 percent of the 

capacity would be expected to be orbited at this time. Seventy five users 

could be operated per beam with prototype terminals in a time division 
multiple access technique, in comparison with only eight users similarly 

accessed in the concept demonstrators step. A total of about 5500 

terminals might be procured to test the system, with users located in most 

major cities as well as remote areas. The system operation would be 
tested in a simulation of the final system using the 5500 terminals in actual 

offices in selected government and business buildings, in a permanent pilot 

project application. These offices could become the first to utilize the 

satellite when it finally becomes permanently available at the conclusion 

of Step No. 3. 
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The third step follows theprinciples of the previous two 

initiatives as described in Sections 3.4 and 4.4 and mates the rest of the, 

modules to the previously orbited ones, to make the final satellite. All of 

the feeds, beams, electronics, and all of the ports of the store-and-forward 

switch are orbited at this time, as are the rest of the modules of the power 

system, and the ion thrusters for the transfer. The entire assembly is 

checked out. 

The production terminals would be procured and deployed. 

The total satellite TDMA with 10, 000 users per beam maximum would be 

tested while the satellite is still in low orbit, though for only a few minutes 

at a time, -and then the satellite would transfer itself to geostationary orbit, 

where final tests would be performed between 1988 and 1989. At this time 

it would enter the operational stage, connecting 540, 000 terminals in 

370, 000 government offices and 174, 000 business buildings as designed. 

Simultaneously the first satellite - the concept demonstration step - could 

be removed from operations, or it could remain to satisfy other public 

service needs in parallel with the Electronic Mail satellite. Thus, the 

Electronic Mail development plan could result in an operational system by 

1989, nine years after system go-ahead. 

This Electronic Mail system design was found to be fairly 

straightforward, and it is quite possible that the development plan outlined 

above is too conservative. It may well be that a single step or at most two 

steps would be adequate to lend confidence to the design. In that case about 

two years could probably be trimmed from this schedule, resulting in an 

operational satellite by 1987. However, to be realistic it is unlikely that 

a system of this size can be reviewed and approved as a new start by 1980 

without an intervening year of detail system design study and perhaps a 

year or two of debate on the social issues. It is therefore, most likely that 

a satellite system with this much capacity will not see operation until the 

early 1990 time period, even though technologically it could probably be 

orbited three or four years earlier. 
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More detail on the goals, characteristics, operational use, 

and specifics about the terminals and satellites for each development plan 

step are shown in Table 5-44. 

Table 5-44. Development Plan for Electronic Mail 
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5.4 ALTERNATE CONCEPTS 

A number of major alternates exist to the satellite system 

solution for connecting the roughly i/Z million terminals on government and 

business buildings. At the outset, use of the same facsimile machines and 

buffers as the ground segment of the space alternative is assumed, and only 

different means of interconnection of the buildLngs themselves treated. 

The major viable system options are shown in Figure 5-12. 

The current technique of interchanging mail, of course, uses the U.S. 

Postal Service, with physical delivery and pickup and physical interchange 

of mail over the long haul, and using public and dedicated transportation 

systems. An obvious alternative is to collect mail physically at several 

regional centers and then to interchange mail between regional centers 

electronically using a commercial comsat with terminals at the Postal 

Service regional centers. Although clearly feasible, this is the architecture 

rNEW INITIATIVE COMSAT 

COMMERCIAL r -: 

" \\ BUSINESS /
 

COMPANDUOMPA Y j 
, ,, MICROWAVE RELAY 

NE E COAXIAL CABLE 

Figure 5-1Z. Major System Options for Electronic Mail 
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of the system concept investigated for the U.S. Postal Service by RCA as a 

system contractor. That study was completed during the course of this 

study, and its results will be included in the cost comparison in the 

Section 5. 5. However, the disadvantages of a regional center system of that 

type are many and fundamental: physical delivery and pickup is required 

for the bulk of the mail between the centers and the users. Thus, dependence 

on the mail carrier is retained. While this accomplishes an easier fit into 

the existing social structure, it cannot help but result in increased costs. 

A second major option is for all-electronic interchange 

building-to-building, but not using satellite terminals at the user buildings. 

This option, also illustrated in Figure 5-12, depends on the use of the 

telephone networks. Each building would be connected to the telephone 

company switched network through a telephone line. The telephone company 

normal data interconnection services being used for accessing the users. 

The means used by the telephone companies for their long-haul plant from 

exchange-to-exchange includes coaxial cables, microwave relay, and the use 

of commercial comsats. Although other transmission techniques, 

including buried millimeter waveguide and fiber optics, may come into play 

in the time period of concern, they need not be treated here, inasmuch as 

the entire telephone company plant can be treated as a black box, since 

their services and charges are well defined. 

5.4. 1 Alternative Concept Selection 

Inasmuch as the RCA study for the U.S. Postal Service has 

defined system options utilizing commercial comsats for exchange of mail 

between regional centers, it is probably appropriate for this study to 

concentrate on the distribution of mail directly from building to building. 

The results of the U.S. Postal Service study will be included in the cost 

comparison in the sections below. 

The only viable alternative left, therefore, is the one in which 

telephone lines are used to connect each buiilding through the telephone 

switched plant. This alternative will be described below and costed in this 

section. 
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5.4.2 Alternative Concept Definition 

Definition of the system concept utilizing the telephone 

networks proceeded after consultations with AT &T to determine the ground 

rules that might be appropriate to use for the network services likely to be 

available in the 1988 time period. It was determined that data interchange 

of 300 to 40, 000 bps between i/2 million terminals could probably be 

handled by the telephone networks expected to exist in the 1987-88 time 

period, so that no extra costs would have to be levied against the Electronic 

Mail system for establishing the lines or the switches required. It is 

estimated that capacity in excess of 40 kbps with a digitally equalized line, 

to any building of choice, will be standard in 1988. Furthermore, it was 

estimated that the switching system will not be overloaded by the addition 

of 1/2 million subscribers. 

Inasmuch as all the user buildings are located in or near 

population centers, each building is assumed to have telephone service 

independent of Electronic Mail. Thus it will not be necessary to run 

entirely new telephone lines to the general vicinity of these buildings. 

Further, the large terminal buildings in major complexes are 

assumed to have enough excess capacity in their normal telephone service 

that 40 kbps can be interwoven among the normal telephone traffic without 

requiring any additional telephone lines (local loops) to be run to the local 

telephone pole. It was assumed, however, that terminals in small buildings 

would require an additional telephone line from the local telephone pole, 

inasmuch as it is unlikely that they would have 40 kbps digital capacity 

avhlable in addition to a voice channel in the absence of Electronic Mail. 

On the subject of charges by the telephone companies for the use of the 

network, it will be remembered that in the discussion of Section 5. 1, it 

was determined by the U. S. 'Postal Service that about two-thirds of the 
"mail" to be exchanged stays within about 50 miles from the point of origin 

and thus will only be subject to local or extended zone flat rate monthly 

charges regardless of the number of "messages" sent per month. The 
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one-third of the mail that represents long distance transmissions outside 

of 50 miles of the point of origin would be subject to toll rates. In order to 

be fair about the long distance toll rates, it must be remembered that those 

rates are set by regulatory agencies. Thus, the actual amounts charged 

per minute are about twice the rate at which the service could be offered in 

the absence of the regulatory burden - the excess being used to subsidize 

local telephone services. The toll rates are therefore taken at about one­

half of the current values and represent unburdened costs, since it is 

uncertain what the regulatory burden will be in 1988. 

These assumptions and conditions are summarized in 

Table 5-45. The alternative terminals are shown in block diagram form 

in Figure 5-13 in which it is seen that the control processor, transmitter, 

and receiver buffers, the facsimile readers and printers, are identical to 

those for thesatellite terminals. The only difference is the absence of a 

transmitter, receiver, diplexer, and antenna, and their replacement by 

modem that allows the digital information to be placed on a telephone line. 

Table 4-45. Alternative Concept Description - Electronic Mail 

* 	 USES SAME FASCIMILE MACHINES AND BUFFERS AS SPACE 

ALTERNATIVE 

6 	 INTERCONNECTION OFTERMINALS VIA TELEPHONE NETWORKS 

* 	 ASSUMPTIONS AND CONDITIONS 

-	 ' EACH SMAILTERMINAL BUILDING REQUIRES ONE ADDITIONAL 
TELEPHONE LINE 
LARGE TERMINAL BUILDINGS ASSUMED TO HAVE ENOUGH
 
EXCESS CAPACITY INTELEPHONE LINES
 

ALL SERVICES VIA NORMAL TELEPHONE SWITCHED PLANT 

>40 kbps CAPACITY SERVICE WILL BE STANDARD IN1988, 
ADEQUATE FOR ALL TERMINALS 

-	 2/3 OF "MAIL' STAYS WITHIN 50 MILES OF POINT OF ORIGIN; 
ISSUBJECT TO LOCAL FLAT RATE CHARGES
 

-	 113 OF"MAIL" ISLONG DISTANCE, SUBJECTTO TOLL RATES 
-	 TOLL RATES TAKEN AT HALF OF CURRENT VALUES TO REMOVE 

REGULATORY AGENCY BURDENS 
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DIITLn lr INPU 

A SRD I BUFFER STORAGE FACSIMILEMI I BUFFER STORAGE 
C READER 3X105-2 X10 PROCESSOR X 10 p-IN4TR Y3x 0-2 HARDp 

OPmbits 24 p 

Figure 5-13. Electronic Mail - Alternative Terminals 

The modem could be a feature purchased with each terminal or it could be 

supplied as a service by the telephone company, as the case may be. It 

was assumed for, the sake of pricing that the modem would be a feature 

purchased as part of an alternate terminal, requiring but a telephone line 

with no interfaces except two or three pins on a terminal board. It will be 

remembered that 472, 000 locations or buildings will require a service of 

500 bps or less - 35400 requiring a service of I to 3 kbps, 25, 000 requiring 

3 to 10 kbps, and 5730 requiring 10 to 40 kbps. 

5.4.3 Alternative Concept Cost Estimate 

The same procedures outlined in Section 4.4. 3 were used to 

generate cost estimates for the ground-based alternative Electronic Mail 

system. The user equipment shown in Table 5-46 is the same as a portion 

of that given in Table 5-31. In addition, ground telephone links replace the 

satellite. The charges of the network were calculated at $36, 674 million 

over a 10-yr period. This assumed that 70 percent of the "mail" was long 

distance and charged at toll rates (less regulatory burden), and 30 percent 
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Table 5-46. 

ITEM-EQUIPMENT 

BUFFER, STORAGE & CONTROL 

USER 1 

USER 2 

USER 3 

USER 4 

INSTALLATION 


FAX 
TOTAL EQUIPMENT 

OPERATIONS &MAINTIyr 

FAX SERVICE 
ELECTRONICS EQUIP 
TAXES 
POWER 

G&A 

TOTAL EQ. OPS &MA INTlyr 

Electronic Mail System Ground Equipment Cost 
Estimate (Ground-Based Alternative) 

UNIT TOTAL 

QY COST ($000's) 

474000 200 94800 
35000 3500 122500 
25000 5100 127500 
6000 15500 93000 

87560 

245700 
771060 

BASE UNIT 
OR % 

TOTAL/yr 
($000's) 

245700 12% 29500 
525360 7% 36775 
771060 2% 15421 

(651000 kW) $10kWlyr 16510 
98206 

98206 10% 9821 

108027 

BASIS OF ESTIMATE 

SAME AS SAT. -BASED WITH NO MEMORY STORAGE 
SAME AS SAT.-BASED WITH 112 MEMORY STORAGE 
SAME AS SAT -BASED WITH 112 MEMORY STORAGE 
SAME AS SAT -BASED WITH 112 MEMORY STORAGE 
20% OF EQU IPMENT COST 

SAME AS SAT.-BASED ALTERNATIVE 

SAME AS SATELLITE-BASED ALTERNATIVE 

10 hr/day, 200 dayslyr 

of the "mail" stays within the flat rate coverage zone - roughly the 50-mi 

dia areas. 

The total estimated cost for the ground alternative is 

$38. 5 billion, given in Table 5-47. It is seen that the cost is dominated by 

the network charges, even though they are half of today's rates, the 

regulatory overburden having been removed. Time-phased costs by 

fiscal years is provided in Table 5-48. User cost by equipment and by 

type of user is provided in Table 5-49. 
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Table 5-47. 	 Ground-Based Electronic Mail Cost 

Non Operating Total 

GROUND-BASEDALTERNATIVE TO SATELLITE INITIATIVE recurrng 

ELECTRONIC HAIL SYSTEM (GROU4-BASEDI
 
EM GRO-BASED EQUIP 10 771 1080 1851
 

EMS TEL CONNECTION 10 
 14 36660 36674 

SUBTOTAL 20 765 37740 30525 

Table 5-48. 	 Total Program Costs by Fiscal Year Through 2000 
(millions of 1977 dollars) 

1978 1979 1980 1951 198Z 1983 1964 1985 1986 1987 1988 1959 1990 1991 1992 '993 1994 1995 1996 1997 199$ 1999 2000 

ILECT1OIC MAIL SYSTEMI(GROUID-8ASED) 
EM GRD-5.SEO EQUIP 93 331 270 165 105 108 108 108 108 108 108 108 108 

TEL CO , ECTIOTI 7 3673 3666 3666 3666 3666 3666 3666 3666 3666 3666 
S=iO t4 93 331 277 3868 377143774 3774 3771 3774 3774 3774 3774 3774 

Table 5-49. 	 Electronic Mail - User Cost (Ground-Based Alternative) 

EQUIPMENT ACQU ISITION 

FAX LOCAL TOTAL COST
USER BUFFER.
U MEMORY CONNECTION PER USER 

1 240 300 25 565 

2 4200 300 25 4525 

3 6120 3000 25 9145 

4 18600 3000 25 21625 

ANNUAL OPERATIONS 

ELECTR. LOCAL LONG TOTAL ANNUAL 
USER EQUIP. FAX TAXES Pwr G&A SERVICE DIST. Ops COST 

1 17 36 11 30 9 150 1891 2144 

2 293 36 89 30 48 150 25605 26251 

3 426 360 180 40 104 150 35850 37110 

4 1302 360 432 40 215 150 149375 151874 

5-69 	 ORIG-AL p
OP POR QA 



5.5 COMPARISON OF SPACE AND GROUND ALTERNATIVES 

This section compares the alternative solutions to the 

Eiectronic Mail distribution problem, with both alternatives sized against 

the requirements derived in Section 5. 1. Technical and operational com­

parisons as well as cost comparisons will be treated. 

5.6. 1 Technical and Operational Comparisons 

From the standpoint of technical and operational factors, the 

space and ground alternatives selected are completely equivalent with very 

little difference in the level, type, and quality of service. Minor differences 

might arise, such as an occasional outage of a link due to equipment failure, 

and this could occur both in the space and in the ground alternatives. Outage 

of a link in the space system due to rainfall could be expected on the average 

of no more than a few hours a year in a few of the links, however, the size 

of the onboard store in the satellite and the ground buffers were designed 

to handle such outage. The ground alternative system might also be subject 

to outages of similar duration, but probably due strictly to equipment 

failure; or in less expected cases, due to blocking of the network because 

of temporary overloads. The buffer store in the terminals is expected to 

handle those situations as well, so that from an operational point of view 

the ground and space systems services are essentially indistinguishable. 

Both alternatives feature mail delivery and collection at 

least once every 10-hr day to and from 540, 000 terminals. The fact that 

one uses a radio system with a relay 20, 000 mi away, and the other uses 

hard wires to terminals that are interconnected by microwave relay towers 

or commercial comsats Z0, 000 mi away, makes no difference operationally 

and cannot be told apart by the user. It is assumed, of course, that the 

satellite system, including the radio components of the terminals, would be 

designed to have the same availability as the telephone networks exhibit. 

In practice, this is feasible. The bit error rates for the datastream that 

could be offered with the space system and the ground system are identical 

inasmuch as the digital transmissions can be regenerated at will -- so that 
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no loss of quality or signal-to-noise ratio in the finished print would occur 

with either alternative. 

5.5.2 Cost Comparison 

The cost for the ground and space initiative alternatives were 

computed and are compared in this section against the current U.S. Postal 

operations, as well as the Postal Service hybrid space/ground alternative 

concept defined by RCA. At the outset, it must be recognized that to some 

extent the current Postal Service, as well as the RCA alternate, are 
"apples" whereas the space and ground alternatives defined in this study 

are "oranges". This is in the sense that the current study treated only the 

government and business mail segment of the total mailstream and did not 

treat the home segment which of course, the current Postal Service handles 

as does the hybrid alternative. However, in defense of making a compari­

son, it can be said that the RCA alternative also exchanges about 15 to 20 

billion pieces of mail per year as do the space and ground alternatives of 

this study, and so the comparison is reasonably fair. 

As far as the current Postal Service user charges (stamps) are 

concerned they are the only standard of comparison that can be used inasmuch 

as the mail costs to the user are well defined. These have just recently 

risen to 15 cents per letter. 

There is an area of inaccuracy in that the mail costs to the 

government were treated in this study as a real expense, chargeable to the 

government on a per letter basis rather than on an average of each agency 

or department use. This tends to be a small error, however, as patterns 

of mail usage develop rapidly and stay very stable. 

Within these guidelines and limitations a user cost comparison 

was prepared and appears in Table 5-5 0. This table includes a first column 

in which the total 20-yr costs of each alternative concept is shown. This cost 

includes all user equipment, the 10 yr of research, development, test and eval­

uation, as well as 10 yr of operation including maintenance, replacement, and 
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Table 5-50. User Cost Comparison - Electronic Mail 

TOTAL
2-YEAR 

COSTS 

COSTS 
PCOSTS 

(Cents) 

PERCENT OF ANNUAL 
MAIL VOLUME TO 

BREAK EVEN 

ANNUAL 
PROFITILOSS
AT 15 CENTS 

(Billions) WITH USPS PER LETTER 

SPACE INITIATIVE 3.96 2.6 17 Profit of 

- 540,000Terminals $19 Billion 

GROUND ALTERNATIVE 38 5 25.3 --- Loss of 

- 540, 000 Terminals $1.6 Billion 

USPS HYBRID SPACE/ 
GROUND ALTERNATIVE 

5 8 Center-Center 
15. 4Mil Carriers 

2 9 Center-Center 
7 0Mai Carriers 

66 Profit of 
$1.1 Billion 

- 360 Distribution 21 2Total 9.9 Total 
Centers with Mail 
Carrier FfU-Delivery 
Plus 6220 Public 
Terminals 

CURRENT US PS 15.0 100 Break Even 

- 1977 Dollars, All R&D, Investment, 10-Year Operations, and User Equipment Included 
- Equipment Costs Prorated Over 10 Years 
- 15 Billion Mail Pieces per Year for Space, Ground Alternatives, 22 Billion for USPS Hybrid,

-70 Billion for Current USPS 

refurbishment, for both alternatives. One maintenance flight every two 

years was costed for the space alternative. 

The space initiative is seen to cost just under $4 billion 

during this 20-yr period. This cost includes purchasing and operating the 

satellite for 10 yr, the development of the precursor satellite, as well as 

purchasing, operating, and maintaining the 540, 000 terminals. 

In the ground alternative the same assumptions are made, 

except the costs charged by the telephone networks are included as part of 

the operating costs, rather than satellites. These costs are charged at 

one-half of that required by the regulatory agencLes, to remove the current 

regulatory overburden, and were charged at $1 2/month flat rate for local 

mail and 17 cents /min for long distance mail. 
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The Postal Service Hybrid alternatve was chosen from 

among several major options studied by RCA. The three major ones 
consisted of Alternate A - with 150 distribution centers linked by satellite, 

an annual volume of 20 million mail pieces, about 2000 public terminals of 

low capacity, and mail carrier delivery for all mail not handled by the 
public terminals. Alternate B - includes 360 regional stations, an annual 

volume of 22 billion mail pieces, 6220 public terminals, and mail carrier 

delivery. Alternate C - includes 87 regional distribution centers, an 
annual mail volume of 24 billion pieces per year, 7100 public terminals, 

and mail carrier delivery. 

Out of these three alternatives, it was decided to choose 

Alternative B inasmuch as it maximized the number of distribution centers, 

for a better comparison against the space/ground alternatives defined in 

this study. 

The total costs for the U.S. Postal Service hybrid alternative 
were determined to be $5. 8 billion for a 10-yr operation period, including 

all development, test, and evaluation of the equipment to transfer mail 

from center-to-center. In addition, the cost for the mail carriers carrying 

22 billion mail pieces per year at 7 cents each, over a 10-yr period, is about 

$15.4 billion making a total of $21.2 billion. 

The equivalent costs per letter are shown in the second 

column, which represents the total costs in the previous column divided by 

the number of mail pieces carried in the time period. It is seen that the 
space initiative amortizes all of the costs over this period and breaks even 

at 2. 6 cents per letter. The ground alternative cost is almost an order of 

magnitude higher at 25. 3 cents per letter. The Postal Service hybrid. 

space/ground alternative shows almost equal costs to the space initiative 

for the center-to-center portion at 2. 9 cents per letter, but the cost of the 

mail carriers for the bulk of the mail must be added. Since this is about 

7 cents per letter, the total is 9. 9 cents per letter for all costs. 
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These are to be compared against the current Postal Service 

rates of 15 cents per letter It is clear that Electronic Mail transfer, 

whether using pure space systems or space/ground hybrids, is a more 

efficient way of moving mail than the current method of physical handling. 

The pure ground alternative is noncompetitive however, primarily due to 

the costs stemming from the charges of the telephone network (those costs 

would approximately double if the currently regulated charges had been used). 

The 9.9 cents versus 2. 6 cents for the hybrid and pure space initiative needs 

further explanation, since they are "apples" and "oranges" to some extent 

since they do not represent quite the same class of service. The hybrid sys­

tem handles all classes of mail including home delivery, however, it generally 

does not result in mail collection or delivery with the timeliness of the space 

initiative, which collects and delivers mail every ten min on the average (with 

at least one, complete letter being exchanged, for the smallest terminals, every 

20 min and for the largest terminals, in a few seconds). There is also the 

convenience of being able to send mail directly from the user facility with the 

space initiative as opposed to having to physically deliver the mail to the post 

office in the hybrid system. 

Perhaps a more dramatic way of comparing the concepts is in 

the fourth and last column of Table 5-50. In this column the annual profit 

or loss is shown if the users were charged at 15 cents per letter. Whatever 

agency, corporation, consortium, or other entity were to invest and operate 

the space initiative, they would make a profit of $1. 9 billion per year 

(19 billion over a 10-yr period). The ground alternative would lose 

$1. 6 billion per year at this user cost. The hybrid space/ground alternative 

would make a profit of $1. 1 billion/year. The current U.S. Postal Service 

would break even (though they appear to lose money at 15 cents per letter). 

It is therefore seen that on a strict dollars and cents basis, the space 

initiative is by far the most attractive alternative, offering service either 

at extremely reduced rates compared to current practice, having the 

potential to make very large profits for whoever goes into that business, or 

a combination of both. 

5-74
 



One other aspect of the Electronic Mail system is the cost to 

the user for the equipment and its operation, and how such facilities might 

be acquired and placed into 540, 000 buildings. Table 5-51 shows the 

equipment, operations, as well as the total cost for each of the four classes 

of user sizes considered. It is seen that for the small user the satellite­

based system costs less than one fifth of that of the ground-based system 

on an average over a 10-yr period, whereas for the large users the cost 

savings is even more dramatic, being roughly a factor of 20 times cheaper. 

On the average, the satellite-based equipment is about 10 times cheaper 

to install and operate than the ground-based system. This stems from the 

telephone company charges in the alternative system. 

Either system could be installed and operated by a private 

entity, purchasing the satellite and offering the service for fees plus 

profit; alternatively, an agency, corporation, or consortium could put up 

the satellite, while a number of sources could supply the earth terminals -­

thus, fostering competition and low cost. 

Table 5-51. Electronic Mail - Annual User Cost Comparison 

USER NO OF GROUND-BASED SATELLITE-BASED 
SIZE USERS EQUIPMENT OPERATIONS TOTAL EQUIPMENT OPERATIONS TOTAL 

Small 472,000 57 2,144 2,201 195 226 421 

Modest 35,400 453 26,251 26,604 857 720 1,577 

Moderate 25,000 914 37,110 38,024 1,593 1,547 3,140 

Large 5,730 2,163 151,874 154,037 4,426 3,576 8,002 

AVERAGE 540,000 145 6,988 7,133 347 382 729 

- All Costs in Millions of 1977 Dollars 
- 10-Years Development/Demonstration 
- 10 Years of Operations/Maintenance 
- Equipment Acquisition Cost Prorated Over 10 Years 
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The method of acquiring and operating the system and means to 

minimize job dislocations have not been explored in this study. Clearly thes-e 

are some of the most fundamental questions and need to be investigated in the 

process of more detailed definition of systems of this type. 
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6. EVALUATION AND SOCIAL CONSIDERATIONS
 

The three initiative system concepts discussed in Sections 3, 

4, and 5 may now be evaluated on a comparative basis and some of their 

technical, operational, and social considerations discussed. 

6. 	 1 COST EVALUATION 

The overall cost comparison for all three initiatives is 

shown in Table 6-1. In this table it is seen that in every case the space 

system is by far the least expensive alternative in terms of costs to the 

Table 6-1. Overall Cost Comparison 

ALTERNATIVE ELECTRONIC MAIL EDUCATIONAL TV 
PERSONAL/ EMERGENCY 

COMMUNICATIONS 

SPACE 2.6 CENTS/LETTER 0.36 $/CLASS HOUR 0.7 CENTSIMIN 

GROUND 9.9-25.3 CENTSI LETTER 1.78 $ICLASS HOUR 20 CENTSIMIN 

CURRENT 
SERVICES 

15 CENTS I LETTER 
(Stamps) 

-10 $ICLASS HOUR 
(Teachers) 

13.3 CENTSIMIN 
(Telephones) 

TOTAL COSTS OF SPACE SYSTEM 
INCLUDING RDT&E
 
AND 10-yr OPERATIONS 

3.9 BILLION 2.7 BILLION 2.3 BILLION 

TOTAL 10-yr INCOME (or savings) 
POSSIBLE IF SPACE SYSTEM IS 
BUILT AND OPERATED, BUT USERS 
CHARGED AT CURRENT SERVICE RATES 

23 BILLION 73 BILLION 48 BILLION 

- 1977 DOLLARS 
- 1OC 1988-1990 
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user, even when hybrids such as the U.S. Postal Service Electronic Mail 

Hybrid alternatives are considered. In this table the bottom row shows the 

total 10-yr profit (or savings) if the space alternative is chosen but users 

charged as per the current cost of services. These numbers are seen to 

be $23 billion for the Electronic Mail initiative, $73 billion for the 

Educational TV initiative and $48 billion for the Personal Communications 

initiative. The annual profits (or savings) which will accrue are of course 

$2.3, $7.3, and $4. 8 billion respectively, on an investment of $3. 9, $2. 7, 

and $2. 3 billion, respectively. Savings or profits like these are so 

astoundingly large that they make a forceful point in favor of the space 

system concepts. It is also seen that with the low costs to the users, 

namely 2.6 cents a letter, 36 cents per class-hour, or 0. 7 cents per 

minute, these systems could create their own constituency and their own 

markets upon being made public -- without a great deal of "selling". 

Thus, it is felt that, at least from the standpoint of costs 

and return on investment, the space systems represent so attractive a 

business potential that any social or institutional problems could fall under 

the onslaught of those wishing to capitalize on that potential. 

The cost numbers in Table 6-1 are based on 1977 dollars; 

as we all know too well, inflation is eroding our purchasing power at a 

fairly steady rate. For this reason the total program costs of both 

terrestrial and space alternatives are compared on the basis of inflated 

dollars in Table 6-2. An inflation rate varying between 6 to i0 percent per 

year average over a 20-yr period was assumed. It is seen that even with 

inflation, large cost savings or profit using space versus terrestrial systems 

are still present, and the numbers only become more impressive. 

Consider, for instance, the Electronic Mail system, for 

which the terrestrial alternative costs over $100 billion as compared to 

$9.2 billion for the space-based system, using inflated dollars for the 

comparison. The inflated cost estimates were not converted into equivalent 

user costs on a cents/per call, cents per letter, or cents/per classroom­

hour basis since it is expected that the cost of the "conventional services" will 
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Table 6-Z. Effect of Inflation on Cost-Estimates 

- Total Program Costs in Billions, Including R&D,, 
Investment, 10-Yr Maintenance, and User Equipment 

SYSTEM BASIS GROUND BASED SPACE BASED 

ELECTRONIC MAIL 

1977 
Dollars 38.5 3 95 

Inflated 
Dollars 

108 4 9.21 

1977 13.5 2.73 
Dollars 

EDUCATI ONAL TV Inflated 29.9g 6.22 
Dollars 

1977 20 8 2 29 
DollarsPERSONALIEMERGENCY 

COMMUNICATIONS Inflated 63.2 25 

Dollars 

also inflate at about the same rate. Thus the value of the users' cost savings 

will be essentially the same in inflated or in constant dollars, since the 

savings will be larger in actual number of dollars but the dollars' value will 

be lower. This will be true for all three space systems. Thus, the space 

systems are shown to be as attractive in an inflating economy as in a level 

one. 

A further cost analysis was performed, comparing the total 

program costs using constant dollars, but taking into account the length and 

buildup of program costs on a per year basis, following the development 

plans discussed in Sections 3. 3, 4. 3, and 5. 3. The costs are shown in 

Table 6-3 broken down as to the number and the type of satellites; launch 

and transfer vehicles required; payload RDT &E, investment, and operations; 

costs; and the launch vehicle costs. These data are then shown as the costs 

on a year-by-year basis to the year 2000 in Table 6-4. From the subtotals 

shown for the 9early expenditures in this time period, it is seen that the 
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Table 6-3. Satellite Traffic and Cost Summary Through 2000 
(millions of 1977 dollars) 

SATELLITE PAl10A0 LAU"CH VEdICLE TRAFFIC rROGRA4 COSTS 
NAME TRAFFIC 1ST IUS TUG PAYLOAD COSTS Ld'CH EH1CLE COSTS pROG 

STAGES ROTE INV OPS TOTAL II, OPS LOSS TOTAL TOTAL 

SATELLITZ-B SO INITIATIES 

Pr0SCt 00'COLN=TCATTOIS SISTFM 

P1s (PRihCPL Dr) 1 1 0 1 0 30 13 51 z5 Z5 To 
FCS (CC'CEPT D.r3) 1 1 0 1 0 159 48 207 C5 Is 231 

(Cs(TECh -L DE'O) 1 1 0 310 10Z 411 33 33 450 

FPS OS-O-BIT r.- T 10 10 0 10 0 169 16 .51 151 4C0 
PC5 MISSIC' CO'ITRL 75 130 118 .05 
FCS L IST RADIO 5 250 155 
PCS LVrST P n M&TI 	 n" nZ 
SU3TOT.L 16 0 12 0 	 717 641 .55 1913 377 377 Z290
 

ELECTRC',ICMAIL SYSTEM
 
EM(CSOII '0 10 49 T6 61 1
 
151 (T9C. L D2O.) 1' 7 93 22 115 13 13 118 
ELECTMIC MAIL SAT 1 3 14 19 33 6 6 39 
E S OC-SIT 11411,T 4 4 0 4 0 15 1s 100 100 .15 

- S t'ISS-C CC O'.L 	 1001IF 

1.5 	C'-3 STA EQUIP 15-9 1lS0 3479 3.7 
SU3TOTAL 6 0 5 0 173. 7Z 19.5 3003 144 1A4 3-,7 

EOUCAT:OAL 'V SYSTEM 
E0 TV (CROPT DEI I) 1 1 0 1 0 45 1. 61 CS 25 S 
ED TV (TECH DEVO 1 7 130 32 16 13 13 175 
EDUC TV SATELLITE 1 3 2. .9 3 6 61 
E0 TV 0"-0'3 rIIT S 5 5 0 25 25 125 12 ­
-0 TV -155 CONTROL 50 91 141 1*1 
ED TV C"-3 STA EQ 1073 1046 2119 C119 

SUSTOT L 	 7 0 6 0 134 102 1137 25 3 169 160 2732
 

G100JID-3ASD ALTER';ATIVES TO SATELLITE INITIATIVES 

PEPSOIAL CCICIUHICATIONS SYSTEM(CRCJ;D-BASEO) 
PC G-O-B.SED ECUIP 2874 3603 6477 6477 
PCs IST F.0I0 250 2355 255 
P1s tCIST R.D MAIN 25 2Z5 128 
PCS TEL.COI ' ECTIO'I 70 13300 13670 13870 

SUBTOTAL 	 2-49 280 1768 2017 10827
 

SLECTRCUC MAIL SYSTEM (GPOUNO-CASED)
 
EM GRD-SASEO EQUIP 771 1060 1851 1851
 c

EVS TEL CC-''ETICO 14 3.660 3667. 36,74 

SU2TOTAL 765 37740 385Z5 33525 

EOJCATIOAL TV SYSTEM(GPOL"ID-BASEO) 
ED TV G8005ASED E0 406 628 11Z4 1114 
E1 T, TR S'IT EQ 600 4400 12402 12402 

SUSTOTAL 	 8 , 5028 13526 135.
 

space systems, generally speaking, spend money earlier than the 

terrestrial systems. The terrestrial systems spend more money and do 

so later. The peak year funds required are $300 million, $733 million, 

and $626 million for the Personal Communications, the Electronic Mail, 

and the Educational TV space initiatives, respectively, with the yearly 

funds during the operational phase only $77, $200, and $125 million, 

respectively. 
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Table 6-4. 	 Total Program Costs by Fiscal Year Through 2000 
(millioas of 1977 dollars) 

1978 1979 190 1081 198 1983 1984 1985 1086 1087 1058 1989 1090 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

SATELLITE-BASED INITIATIVES 

P PPMLSP"lIITCTTO S" STEM 

PCs :FRIOPL OE. 00 6 21 38 U1 
PCs (CONCEPT DEMO) 6 60 122 44 
PCs ITECN .CL 0EM3 37 175 183 55 

PCS o0-O"1IT MIT 6 18 37 42 42 43 42 42 41 42 36 24 5 
PCS MI55ION1 COR'TRL 19 41 15 10 10 10 10 10 10 10 10 10 10 10 10 10 
PZS LUbT PADIC 1 3 51 125 75 

SSTOTAL 6 61 44 71 122 100 616 279 301 199 17Z 127 77 78 77 77 76 77 71 59 40 

ELECTPOI.IC 'AIL SYSTEM0200 I0e rorr 00130 6 20 fl 14 

-1 0IECIUCL DEIlU0 11 51 52 14 
SLrCT1%IC .AIL SAT 7 21 11 
ES 2,-CR3IT IAIIT 6 9 11 9 9 11 8 9 11 9 9 11 3 

Sill (7,D STA ECIP 192 687 860 160 188 188 18 189 lea 183 188 188 18S 18 
SUI OIAL 6 23 43 34 70 258 733 555 176 202 202 204 201 6 D.0. 202 O204 19o 

EPUC .2I ,AL TV SYSTE'I 
ED TV IC),ZPT OE 0) 
LD TV (TEH 0Z2)00 

6 23 43 14 
16 69 6 21 

E03C TV SATELLITE 32 20 
-3 TV 0'.-Cfl0I%3T 6--i 
EOTV MISS COITPOL 13 27 10 7 7 7 7 7 7 7 7 7 7 7 7 7 
E0 TV C'0 STA EQ 268 000 215 105 104 100 105 104 105 105 104 100 104 
SLSTOTAL 6 23 43 43 96 63 334 o26 240 I4 129 124 130 1,3 130 1.4 123 115 111 

G'OU1.D-RASEO 	 INITIATIVES
ALTERNATIVES TO SATELLITE 


PES0'IA. CC'LIUICATEON5 SYSIEt (GROIUJDOASEDI 
PC 000-0'SED EQUIP 345 126 1006 647 361 360 360 360 361 360 360 360 361 
FC5 I-,ST RDIO 1 3 51 125 75 
PCs iqIST PIE Hill, 63 25 25 25 25 25 65 5 65
 
PCs TEL CCtECTIO'J 35 35 1300 1380 13EO 1380 1380 1330 1360 1350 1300 1380
 
SU5TOTAL 1 348 1322 1166 2102 17e6 1765 1765 1765 17o6 17o5 1765 17o5 1766
 

ELECTOTIC rIL SYSTEM (GPOUID-BASEO)
 
E0 00-SAS D EQUIP 93 331 270 105 106 108 108 108 108 105 106 108 108
 
E .5 TEL COl 0CTO 	 7 36T3 3666 3665 3,66 36k 366. 3oo 6 3666 316 3o66 
SU5tOTL 	 93 331 277 3058 3774 377q 3774 3774 3774 3774 3774 3774 3774
 

EDUATIO'IIIL TV SYSTEM (GROUNO-BASEO) 
ED TV G70-CiS1DEQ 60 213 174 49 63 63 62 63 63 63 65 62 63 63 
ED TV TR'..JIIT EQ 060 3.41 2801 $00 440 '40 440 440 44O 440 440 4q0 4.40 4s 

SUTOTAL IOZO 3654 Z975 6849 503 503 502 503 503 503 503 502 503 503 

The same form of expenditures by fiscal year for the case 

of inflated dollars is shown in Table 6-5, and for the case of discounted 

dollars in Table 6-6. The net results are shown in Table 6-7 in which the 

three space initiatives are compared with the terrestrial alternatives. 

The comparison is shown on the basis of constant 1977 dollars, inflated 

dollars, and discounted dollars with present value as of 1977. In all cases 

it is seen that the purely space-based alternatives are much less expensive 

than the terrestrial alternatives, and that the cost ratio is approximately 

the same whichever basis for comparison is chosen. 
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Table 6-5. 	 Total Program Costs by Fiscal Year Through 2000 
(millions of current -- inflated -- dollars) 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

SATELLITE-BASED INITIATIVES
 

PERSONAL COIMUNICATIONTS SYSTEM 
PCS (PRINCPL DEMO) 6 28 54 17 
PCS (CONCEPT DEO) 9 90 196 75 
PCS (TECHNCL DEMO) 63 316 349 112, 
PERSONAL COMM SAT 153 460 258 
PCS ON-ORBIT MAINT 12 39 04 101 108 116 121 128 133 143 131 92 21 
PCS MISSION COHTRL 32 74 29 20 22 22 25 25 27 29 30 33 34 36 39 41 
PCS WRIST RADIO 2 6 110 204 181 
PCS WRIST RAD MAIN 64 68 72 76 80 86 -91 96 102 
SUBTOTAL 8 28 63 107 196 170 390 533 610 429 390 307 197 211 222 234 246 263 258 227 164 

ELECTRONIC MAIL SYSTEM 
EMS [CONCEPT DEMO) 8 31 61 21 
EMS (TECKMCL DEO) 17 82 88 25 
ELECTRNIC MAIL SAT 12 38 21 
EMS Ott-ORBIT MAINT 11 17 22 20 20 27 20 25 31 28 29 37 11 
EMSMISSION CONTRL 14 30 12 9 10 10 10 12 12 13 13 15 15 16 17 18 
EMS GRID SA EQUIP 327 1239 1070 324 404 428 454 481 509 541 572 608 643 662 

SUSTOTAL 8 31 61 52 112 439 1322 1118 356 434 460 493 514 547 587 615 653 697 711 

EDUCATIONALTV SYSTEM 
ED TV (CNCPT DEMO) 8 31 61 21 
ED TV (TECH DEMO) 24 111 117 38 
EOUC TV SATELLITE 15 58 38 
ED TV ON-ORB MAIT 11 17 36 26 41 29 46 33 52 36 39 10 
ED TV M155 CONTROL 20 43 17 13 13 14 15 16 17 18 19 20 21 23 24 25 
ED TV GRINOSTA EQ 483 1128 436 225 237 253 269 282 302 320 336 359 377 

SUBTOTAL 8 31 61 65 154 149 603 1196 486 266 294 299 333 334 374 377 398 393 402 

GROUNO-BASED ALTERNATIVES TO SATELLITE INITIATIVES
 

PERSONAL COMMUJICATIONS SYSTEM (GROLPI-BASED)
 
PC GRO-BASED EQUIP 	 699 2655 2290 1561 924 976 1035 1096 1166 1233 1306 1385 1472
 
PCS WRIST RADIO 	 2 6 110 284 181
 
PCS WRIST RAD MAIN 	 64 68 72 76 80 86 91 96 102
 
PCS TEL CONNECTION 75 80 3330 3530 3742 3967 4204 4457 4724 5007 5308 5627 

SUBTOTAL 2 705 2840 2654 5072 4518 4786 5074 5376 5703 6043 6404 6789 7201 

ELECTRONIC MAIL SYSTEM (GROIND-BASED) 
EM CRO-BASED EQUIP 	 168 632 547 398 246 260 277 292 311 329 349 369 392
 
EMS TEL CONN4ECTION 14 7889 8346 8847 9378 99401053711169118391255013303
 
SUBTOTAL 168 632 561 8287 8592 9101 9655102321004811498121881291913695
 

EDUCATIONAL TV SYSTEM (GROUTD-BASED)
 
ED TV GRD-BASEO ED 	 102 384 333 99 135 144 149 162 170 181 192 201 215 229 
t) I INANSMII IQ 1633 6205 335 1621 945 1001 1062 1126 1193 1264 1341 1421 1506 1597 

SUBTOTAL 1735 6589 5688 1720 1080 1145 1213 1288 1363 1445 1533 1622 1721 1826 
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Table 6-6. 	 Total Program Costs by Fiscal Year Through 2000 
(millions of discounted 1977 dollars) 

1976 197 1980 1381 1982 1963 1984 1965 1986 1987 198 1989 1090 1991 1992 1993 1994 1995 1996 1997 19.8 1999 2000 

SATELLITE-OASED INITIATIVES
 

_P$QLALLQ8< PSTCOTYOI*SYSE 
PCS PPI? CPL DEO) $ 14 23 7 

ICS (CO\CEPT DE,O) 	 4 34 6Z 21 
P2S (TECHICL DE-0) 	 17 74 71 19
 

PCS OW-01C1I 5.INT 12 11 10 9 a 8 7 6 $ 3 
PCSHISSIO COWRL 9 17 6 4 3 3 z 3 2 2 2 1 2 1 
PCS 5,IST PADI 1 17 36 20 

-1.5 5,0ST 1-0 4855A 5 4 
SU TOTAL 5 14 Z7 41 6Z 47 91 10$ 105 65 50 35 19 16 15 15 1 1C 9 7 4 

ELECTPO',IC MAIL SYSTEM
 

-ESS (CC-.2'EPT OFpS) 15 97 A 
ErS (TECIPCL 0EIIO) 6 26 25 6 
ELECTRI#C MAIL SAT 3 9 4 
ENS15 ,-C BIT lHAD1IT 3 3 4 3 2 3 2 2 2 2 1 2 

EtIS GR' ST. EQUIP 	 -0 2'i 21o So 60 54 50 45 41 37 3I 30 26 26 
SUBTOTAL 5 15 27 19 36 121 311 25 02 64 5 54 6 45 40 36 32 31 27 

EDUCATIO,1L TV SISTEH
 
ED TV (WC2P5 DEMjO) 5 15 27 a 
ED TV (TECH DEI0) 9 35 33 9
 
2DUC TV SATELLITE 4 14 7
 
ED TV ON-0'8 MAIT'T 3 3 6 4_5 4 4 2 4 9 1
 
ED TV MISS CC'ITPOL 7 14 5 3 3 2 2 2 z 1 1 2 1 1 1 1
 
ED TV G'h0 STA EQ 114 2a7 75 34 30 28 25 22 21 19 17 lo 14
 
SUBTOTAL 5 15 27 24 49 42 143 240 $3 40 37 34 31 25 27 22 20 18 15
 

GROUX-BASEO ALTEPNATIVES TO SATELLITE IIIITIATIES 

PERSONAL COV11UkICATIO1S $YSTEJ (GROUI.0-BASED) 
PC CPO-BASEO EQUIP 1213 9 _ 1 7156 7$ 72 64 59 4 48 45 40 
PC$ 6R1ST PA0IO 1 17 1t C0 
PCS .RIST PA0DAIN . 5 5 5 4 4 3 3 3 
PCS TEL COJSNECTIOq 11 10 364 330 300 273 249 Z25 205 187 169 155 

SUBTOTAL 122 412 337555 42 333 350 318 88 163 235 217 198 

ELECTRCIIC rAIL SYSTEM (GROUND-BASED)
 
EN GR-DASSO EQUIP 39 128 95 59 31 8 2t t4 21 20 17 16 15
 
EKS TEL CO'IECTION 2 1171 1062 965 87a 79S 725 659 600 545 '45
 
SUBTOTAL 39 I2 97 1230 1093 993 _04 $22 7o o79 o17 51 510
 

EDUCATIONAL TV SYSTEM (GPOUND-BASED)
 
00 TV CI05BASEO EQ 28 90 67 10 10 18 16 15 14 It 12 10 9
 
ED TV TRANSIUIT EQ % 448 1459 1030 280 lq1 127 116 105 06 87 79 72 .6 39
 
SUBTOTAL 	 476 1549 1147 298 161 145 13Z 120 110 99 91 62 75 68 

Table 6-7. 	 Cost Comparisons of Initiatives (Total Program 
Costs in billions of dollars) 

CONSTANT INFLATED DISCOUNTED 
SYSTEM DOLLARS INFLAE DOLLARS 

(1977) DOLLARS (1977) 

PERSONAL COMMUNICATIONS 

SATELLITE-BASED 2 29 5 25 0 76 

GROUND-BASED 20 83 63 17 4 11 

ELECTRONIC MAIL 

SATELLITE-BASED 3 95 9 21 1 26 

GROUND-BASED 38 53 108 38 8 42 

EDUCATIONAL TV 

SATELLITE-BASED 2 73 6 22 0 90
 
GROUND-BASED 13 53 29 97 4 55
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6.2 TECHNICAL AND OPERATIONAL EVALUATION 

The Electronic Mail space and terrestrial alternative system 

concepts were shown to be essentially equivalent in their technical and 

operational features, as discussed in Section 5. 5. 1. The same is true of 

the Educational TV initiative alternatives as discussed in Section 4. 5. 1. 

In both of these initiative concepts, the performance that is 

obtained from either alternative is essentially indistinguishable, with the 

same number of users, timeliness and flexibility of service, and level 

of services provided. Both of the space initiatives make use of the 

20/30 GHz bands, which are uncrowded and for which no difficulties are 

envisioned in obtaining allocations. 

All of these initiatives use large-scale frequency reuse and 

thus are extremely efficient in terms of spectrum used per service 

delivered. The Electronic Mail initiative requires the least technology 

advancement and thus, is the lowest risk and the nearest-term of the three 

initiatives, with Educational TV being intermediate. The Personal 

Communications initiative is the largest, most risky, and farthest-term 

initiative of those analyzed. 

The Personal Communications system performs a class of 

services that is difficult for the terrestrial alternative to match, either in 

coverage or in cost. The satellite, however, is extremely complex and 

very large. Frequency allocations might be obtained in a number of bands 

but the 4. 7 to 4. 9 GHz region appears particularly attractive. However, 

a variance request to the FCC, though not to the ITU would be needed. The 

wrist radio itself is essentially state-of-the-art with most components 

except the antenna, being similar to those found in digital watches worn 

daily by the millions. The price projection for the user costs - $10 for the 

computer wrist radio, is also based on today's market experience with 

digital watches. Since the number and type of components in a digital watch 

is almost identical to that required by a wrist radio-telephone, a siniilar 

cost experience would be expected. 
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Operationally, the current telephone networks perform 

services that the wrist radio system cannot match, offering essentially 

unlimited conversation time to each user with high signal-to-noise ratios. 

The space system must of necessity, limit the conversation time per user 

in order to attain access by the very large user population through a single 

"telephone exchange", and yet keep the satellite complexity within reason 

for the time period concerned. The same holds for the signal-to-noise 

ratio, which cannot match that of the telephone networks without increasing 

the satellite antenna and power by at least an order of magnitude from the 

already very large values. However, the resultant satellite development 

is felt to be a reasonable risk program with a 10-yr development cycle 

incorporating two demonstration satellite steps prior to orbiting the final 

components. 

The terrestrial alternative, on the other hand, requires no 

new development, using simple applications of current techniques. However, 

it has such a cost disadvantage that even though it represents a less risky 

approach requiring a shorter development time, it appears much less 

attractive. Furthermore, the coverage of the terrestrial alternative is 

less in some important ways. Thus, another aspect of a ground/space 

comparison that needs to be discussed bears on the question of the function 

of the initiative. Is it an augmentation or a replacement of the telephone 

networks? In our view, it is an augmentation rather than a replacement. 

Its low signal-to-noise ratio, short duration messages, queue waiting time, 

the possibility of being in shadows or interference zones, and the possibility 

of required body reorientation to establish service makes the quality of 

service considerably lower than that which the public is used to via the 

excellent telephone services. It is therefore unlikely that a wrist radio 

would be used for truly mobile use when away from telephones for the 

convenience, recreation, pleasure, and emergency uses for which it was 

intended. 
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6.3 

In order for the space system to be completely competitive 

with the quality and reliability available through the telephone networks, 

the user set would have to be considerably larger and more expensive, and 

the satellite would have to grow very much larger. Whereas there would 

still probably be cost savings compared to the ground system operation, 

and the coverage would be better particularly in disadvantaged or wilderness 

areas, some of the advantages of the constant availability and convenience 

of the wrist-mounted package would be lost compared to a heavy or clumsy 

pocket set or walkie-talkie. Tradeoffs, such as these should be performed 

in any follow-on studies. 

SOCIAL CONSIDERATIONS 

Social and institutional questions abound in considering 

these three initiatives. Most of them center on the questions of job 

displacement, general desirability of the form of progress, and threats to 

existing institutions. 

6.3. 1 Electronic Mail Initiative 

The U.S. Postal Serviceis currently the single largest 

employer in the United States, employing in the order of 750, 000 people. 

The impact of removing about 10 percent of the projected 1990 mail stream 

(the business-government segment) can only be estimated, but even if it is 

as small as only 10 percent of the jobs, that still implies 75, 000 U.S. Postal 

Service people put out of work. Moreover, the 10 percent of the mail frac­

tion removed is the first class/business/government mail that is one of the 

most profitable aspects of the U.S. Postal Service operation. Thus, it is 

likely that postal service rates to the rest of the users would have to rise 

somewhat as a result of diversion of a portion of the first class mail stream 

as considered in this study. Weighed against these considerations must be 

the fact that the first class mail stream is already being diverted by 

electronic funds transfers, remote printing, and facsimile operations in 

ever-increasing numbers. In part, this is responsible for the current 
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financial plight of the U.S. Postal Service. Thus, the provision of an 

Electronic Mail system of the type described in this study can therefore be 

viewed as a gradual transition and continuation of an already on-going 

process which is inevitable, rather than a social scourge that people ought 

to consider stopping. 

A second aspect that is often overlooked is that the Electronic 

Mail initiative will greatly augment the industry for the manufacture, sales, 

and maintenance of the user terminals as well as the aerospace and related 

fields for the satellites and launch vehicles. The number of jobs created 

must beroughly equal to the number of Postal Service jobs displaced in 

the sense that the money spent would probably stay mostly in this country, 

thus representing salaries paid to communications, aerospace, and 

maintenance workers rather than to mail carriers and sorters. Thus, it 

is imperative that systems of this type be viewed not as potentially 

threatening to jobs per se, but rather as requiring a shift in the skills of 

the workers employed while maintaining a roughly constant number of 

workers in the country. 

This situation is very analogous to the introduction of the 

automobile around the turn of the century, which was seen by the railroad 

people as extremely job-threatening. In fact, the number of jobs created 

by the automobile greatly exceeded the number of jobs that could possibly 

have been provided by the railroads, even though there was a dislocation in 

the skill level and distribution of those jobs over a long period of time. 

Progress is inevitable and viewed from the above perspective, 

adjustment to it is more constructive than its obstruction. The Electronic 

Mail Concept, or variations on such a design appears to represent a long­

term trend to storing and moving information electronically rather than 

physically. Some version of this initiative is probably inevitable. 
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6. 3. Z Educational Television Initiative 

In considering the Educational TV initiative, the question that 

needs to be addressed is the role of the teacher in instruction vis-a-vis that 

of a TV box, albeit with a two-way voice capability system. The Educational 

TV system need not be viewed as a replacement for teachers, but rather as 

an augmentation of their skills, enabling the multiplication of teachers' effec­

tive hours. Experiments have been made by HEW and NIE and many state, 

local and private agencies which show that one-way TV with two-way inter­

active audio can be an extremely effective way of augmenting a teacher's 

educational tools. Perhaps more importantly, however, it can enormously 

enrich the educational experience for large numbers of students, which should 

be seen as the ultimate goal of the educational institutions. Furthermore, 

this enrichment need not occur at the expense of teachers' skills, which could 

then be focused on leading discussions around the lessons learned via the 

TV system. 

There is also some evidence that todays (and tomorrows) 

students are likely to pay more attention to a TV screen than to a live teacher, 

inasmuch as they are so used to watching the TV screen at home for a great 

many hours. Educational TV satellite systems can capitalize on this by 

bringing the learning material into the environment in a form to which the 

students are most used to paying attention. This is particularly true of ex­

tended universities or home instruction. Thus the advent of mass Educational 

Television might actually increase the rate at which information is imparted 

to students, and more importantly, its comprehension and retention for the 

same expenditure of teacher hours or effort. 
The above views are one side of an argument being debated in 

the educational institutions, and equal volumes could be found arguing the 

opposite. However, based on the success of some pilot programs, such as 

the Appalachian Educational Satellite Project and the India Satellite TV Ditri­

bution experiment, it seems reasonable to assume its validity at least in the 

long run. Thus, the Educational TV system should also not be viewed as one 

which destroys teachers' jobs, but rather as an additional tool in the same 
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light as that of globes, blackboards, and textbooks that teachers now use in 

imparting their knowledge to the classroom. In addition, functions can be 

performed by the TV system which are in a class by itself, such as distributing 

events of local, national, or international importance in real-time, which can 

prove to be an invaluable educational aid. Furthermore, as in the Electronic 

Mail initiative, the jobs created equal those displaced, though they-occur in 

different industries. 

The social impact of mass Educational Television and the best 

means to overlay it on the existing educational institutions needs much study, 

which was beyond the scope or resources of this study. 

6.3.3 	 Personal Communications Initiative 

The Personal Communications initiative is an entirely 

different class of device than the previous two initiatives. In a sense it is 

more similar to the Citizens' Band Radio phenomenon, which has clearly 

shown that if the price of such sets is brought low enough, a great many 

people will buy them and use them as adult toys, quite apart from any 

consideration of their utility in emergencies or for personal or business 

messages. Whereas Citizens Band was initially intended for strictly 

business use it was rapidly taken over by masses of people, who used it 

in their own way. Thus, we now find that instead of being used for 

emergency messages, teenagers are making dates with each other on the 

air, and drivers warn each other of police speed traps. This Citizens Band 

use explosion has resulted in a sale of over 12 million sets in the U. S., with 

people paying several hundred dollars for the privilege of interfering with 

each other on the air. It is this interference caused by the total lack of disci­

pline or control over the time and channel use of the air waves that has con­

tributed to a sharp curtailment of the market, and therefore recent sales of 

CB sets, causing fiscal consternation and even bankruptcy in some,large 

firms. This is not because the personal radio is no longer attractive, but 

because the potential users find that the sets are useless much of the time, 

at least in big cities. This is particularly true for emergency uses, which 
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are at the whim of users to vacate the channel or abstain from using the 

emergency channel. Of course price predation is also responsible for the 

current CB slump. 

The almost total lack of discipline in the CB radio applications 

would be replaced in the Personal Communications initiative of this study by 

a rigid discipline system enforced by the satellite computer system, which 

would make it impossible for anyone to interfere with any user channel 

while that user is assigned the privilege of talking over it. This is necessary 

not only for large scale multiple access but to ensure that the rather tiny 

wrist transmitter/receiver set can communicate effectively - it not being 

able to tolerate very much noise interference. It is this feature of multiple 

access control, and the portability and convenience of a wrist-sized 

set - constantly available - that makes a potential market of 25 million 

users not at all unlikely. This is especially likely considering the low 

price of the user set. At $10 a set, most of the sets could be sold even if 

their range were only a few miles and they did no more than today's CB sets. 

The question of job displacement is not as pertinent for the 

Personal Communications initiative, inasmuch as the jobs created and 

displaced are all in the communications industry, and presumably the 

process is less disruptive or threatening. However, the usual questions of 

the new service being seen by existing institutions in a threatening way still 

apply. Thus the telephone companies could see this initiative as a potential 

competition for new telephone business. For several reasons, it is felt that 

this initiative is an extension, rather than a replacement, of the fixed tele­

phone services. 

The coverage of the satellite system will be truly 100 percent 

of the country, and cannot be matched economically by fixed telephones. 

However, the signal-to-noise ratio is poor compared to the high quality tele­

phone networks. Furthermore, the severe constraints on user time limits 

that were espoused in this concept to rnaximize access by a large number of 

people to a much smaller number of channels do not then represent a competi­

tive service. Whereas a one or two minute call is probably long enough to 
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tell a friend that you will be late for an appointment, or ask someone to meet 

with you, it probably will not compete with long business negotiations, friendly 

chit-chat, or teenage line burning. There is also no need to use the wrist 

radio when in an office building or at home due to the availability of telephones. 

Thus the Personal Communications system is seen primarily 

as a portable/mobile extension of the fixed networks, into areas where they 

do not have (and probably will not have) service for economic reasons. 

Further, the planned expansion by the telephone companies into mobile tele­

phones will provide high capacity coverage of high speed users in high density 

urban areas only, whereas the Personal Communications initiative will provide 

lower capacity to very slowly moving users over a much larger coverage 

area. It is furthermore quite possible that the realities of signal propagation 

in a dense urban area so increas the link requirements as to make multipoint 

diversity systems, such as the cellular networks, much more reliable than 

even high angle satellite communications. 

For all these reasons, it seems reasonable that fixed telephones, 

mobile car telephones in cellular systems, and a system such as the Personal 

Communications initiative should be viewed as complementary rather than 

competitive. Thus it is hoped that the current network institutions will see 

this concept as a business opportunity rather than a threat. 
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7. CONCLUSIONS 

A number of major conclusions were reached in this study. 

They are summarized in Table 7-1. It has been shown that all three of the 

space communications initiatives chosen for analyses appear to be technically 

viable for LOG in the 1987-1990 time period. In order of increasing tech­

nological difficulty and risk, they are: the Electronic Mail Initiative, the 

Educational Television Initiative, and the Personal Communications 

Initiative. 

Table 7-1. Conclusions 

I. 	ALLTHREE COMMUNICATIONS INITIATIVES APPEAR VIABLE FOR IOC IN 1987-1990 

2 	 VERY LARGE CAPACITY SERVICES MADE POSSIBLE BY LARGE, COMPLEX SATELLITE
 
AND MANY SMALL INEXPENSIVE USER TERMINALS
 

3. 	ELECTRONIC MAIL ISTHE LIGHTEST AND MOST STRAIGHTFORWARD SATELLITE WHILE
 
PERSONAL COMMUNICATIONS ISTHE LARGEST AND MOST COMPLEX ­

4. 	NECESSARY DEVELOPMENT AND DEMONSTRATION FLIGHTS ALL RESULT INOPERATIONAL 
UTILITY 

5. NO NEW OTV DEVELOPMENT REQUIRED.
 

6 DRAMATIC USER COST SAVINGS OR PROFITS ARE POSSIBLE COMPARED TO CURRENT SERVICES.
 

7 TERRESTRIAL ALTERNATIVES ARE LESS ATTRACTIVE BY A FACTOR OF5 TO 30.
 

.	 PROFIT POTENTIAL IS SO ATTRACTIVE THAT PRIVATE SECTOR DEVELOPMENT IS HIGHLY
 
LIKELY AFTER TECHNOLOGY DEMONSTRATION
 

9 SOCIALMINSTITUTIONAL QUESTIONS ABOUND ROLES OF VARIOUS AGENCIES AND
 
INDUSTRY REQUIRE DEFINITION
 

I 0 PROPER FREQUENCY ALLOCATIONS MUST BE PROTECTED INGWARC-79 

7-1
 



Each of these initiative system concepts employs the 

complexity inversion phenomenon whereby new dimensions of services to 

very large numbers of users outfitted with very small and inexpensive user 

terminals are made possible by a single large, complex satellite in 

geostationary orbit. It has been shown that at least one-half million 

Electronic Mail small terminals in user buildings can be interconnected 

through a single satellite, interchanging "mail" on the average of once 

every 10 rin, but at least once a day. Every one of the 65, 000 schools in 

the United States can receive Educational Television broadcasts with 

monitors in half of the classrooms, the programs originating in District 

or Board Headquarters. Almost 1500 simultaneous TV channels can be 

broadcast nationwide, with 150 channels of TV being available for long 

range interconnect between School Districts for program sharing or live 

program origination. In addition, 260, 000 interactive voice channels can 

be provided, all with small terminals at each school and District. Twenty­

five million citizens outfitted with $10 wristwatch-sized radio-telephones 

can communicate with each other through the Personal Communications 

satellite, with no interference and guaranteed access, for the same low 

cost regardless of distance - as effectively at 3 mi as at 3000 mi apart. 

The required technology developments lie in the areas of large 

multibeam antennas, with very many simultaneous beams, transponders with 

demodulation/remodulation to baseband, onboard switching of many ports at 

baseband, high transmitted and prime power, and configurations designed for 

on-orbit servicing and attainment of high reliability. 

In considering the development and demonstration of this tech­

nology it was found that all the demonstration flights needed could result in 

useful operational capability, thereby avoiding dead-ended developments, and 

bringing in revenues that could be used to offset the costs of the development 

flights themselves. 
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It was found that due to the high onboard power required for 

these initiatives, efficient use can be made of selfcontained ion engines to 

effect a self-powered transfer from the low-altitude orbits (where these 

satellites would be assembled by use of the space shuttle), to synchronous 

altitude where they will be operational. Thus, no new orbit transfer 

vehicle development is required for any of the initiatives, though if low 

thrust orbit transfer vehicles were developed for other purposes, they 

certainly could be used in these programs. 

It has been shown that dramatic cost savings (or profits) are 

possible, utilizing the space initiatives compared to current servLces 

being provided. Furthermore, the leading terrestrial alternative concepts 

analyzed are more expensive than the space alternatives by a factor 

between 5 and 30. The overall cost comparison indicates that using the 

new space initiatives, "mail" can be sent at 2.6 cents per letter compared 

to the current 15 cents per letter of the U.S. Postal Service; that 

Educational TV can be disseminated at a cost of 36 cents per class-hour 

as compared to the approximate $10. 00 per classroom hour necessary for 

teachers alone; and that Personal/Emergency communications can be 

provided at a call cost of less than 1 cent per minute, as compared to the 

average of local and long distance calls through current telephones of 

about 13 cents per minute. 

In an inflating economy it is important to compare all the 

alternatives using inflated dollars. Furthermore, in comparing any options 

the use of present value discounted dollars is also useful. Both such 

comparisons were made, and the space concepts still came out way ahead of 

either the ground alternatives or of current types of services. 

This study could only address three out of several dozen initia­

tive concepts, many of which have a potential as attractive as the three 

selected, or even more so. Follow-on studies should examine these and 

other system concepts in at least equivalent depth. 
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It is likely that there is a very large profit potential for any 

corporation or consortium interested in pursuing these three applications and 

charging the users for the services provided. These applications could re­

sult in enormous savings compared to services at current rates, and/or net 

profits measured in the billions of dollars per year might be realized while 

still undercutting current service costs and providing better services. Thus 

funding and development by the private sector could very well occur if only 

the high risk technology needed is demonstrated. The roles of government 

versus that of the private sector in demonstration of this technology and 

provision of these services needs to be addressed, as it has not been in this 

study. 

It is possible that pressures to develop initiative system con­

cepts such as these could appear soon. Thus, it is extremely important that 

the appropriate social and institutional questions raised by systems of this 

type be examined. These questions include those relating to job dislocation 

and retraining of people displaced by the introduction of the new services; 

the questions of how to address the introduction of these services so that 

they become extensions, rather than replacements, of current services and 

thereby avoid the great opposition that the latter would undoubtedly bring; 

the roles of government versus industry, and that of various agencies vis­

a-vis themselves; and the very questions of what is progress and what kind 

of a society we wish to become should be raised when addressing these 

initiatives. This study could not do so, but it is highly recommended that 

follow-on studies do. 

The very important question of protection of frequency and 

orbit space for services such as these must be addressed. It is quite likely 

that precursor systems, or systems having other applications, will come 

into being in orbit, operating at the same frequencies which these initiatives 

would require. These early systems will have very small capacity in terms 

of information delivered per bandwidth used, because they probably will not 

have the large scale frequency reuse capability of the multiple beam antennas 

used in these initiatives. Their presence will be fully justified on the basis 

of meeting early needs for a variety of public service communications, however 
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their very existence could preclude the fielding of highly capable initiatives 

such as analyzed herein simply because the best frequency bands are occupied. 

It would be tragic if we could not develop highly capable second generation 

systems because first generation systems with much less capacity enjoy 

squatters' rights on the orbit and frequency spaces required. Therefore, we 

must address the question of a mechanism by which we can phase-out earlier 

satellites before the end of their useful life in order to introduce more capable 

follow-ons. Who is to be compensated - by whom - and how much for the 

premature termination of such satellites' services? 

A second question arises in this area, and that is of protection 

of the proper frequency and orbit spaces in anticipation of these extremely 

capable systems. Decisions will be made in GWARC-79 that could have a 

lasting effect for two decades. It would be tragic if GWARC-79 did not include 

at least a discussion on a proposal for deliberate protection of allocations 

compatible with these highly capable system initiatives. 

A further comment concerns large geostationary platforms. 

Each of these three initiatives has been defined for independent operation. 

It is quite clear that many elements of these satellites appear very similar 

both in the antennas, transponders and the housekeeping subsystems. Thus, 

they could probably operate from a central platform furnishing housekeeping 

and structure to three payloads. The exact mechanization of how to best 

join these three services aboard a single platform requires definition. 

Such studies are desirable follow-ons to this study. The fact that the 

initiatives of this study were treated as separate satellites should not be 

construed as advocacy of single satellites or a criticism of multiple payload 

platforms. 

Last, it must be said that none of the designs, costs, 

characteristics, performance, or any other attributes of the three system 

concepts evolved in this study should be considered as final or optimum in 

any sense of the word. They represent preliminary design concepts 

selected after little opportunity for deep tradeoff analyses, and in response 

to fairly arbitrary sets of self-imposed requirements whose sole purpose 
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was to derive the likely weight, performance, and cost of highly capable 

satellites of this type in this time period, performing these functions. 

Doubtless, many other configurations are possible and some might be 

considerably better in a number of attributes than the configurations found 

within. The requirements were set by the author after some discussions 

with the using community, but without opportunity for feedback. It is quite 

possible that a set of requirements has been used that is inappropriate for 

the first development item, or the time period, and more appropriate for 

a later one. Thus, follow-on studies should examine requirements as 

well as the best system configuration, performance, characteristics, and 

costs to meet those requirements, inasmuch as these considerations were 

not possible due to the small scope of this study. 

Above all, this information should be made freely accessible 

to the communities and agencies that would be involved with their use; and 

the social and institutional questions and their general desirability should 

be thoroughly aired in public forums. 
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APPENDIX A
 

MULTIBEAM ANTENNA STUDIES
 

A. i INTRODUCTION 

Various candidate antenna configurations were evaluated for a 

large aperture multibean antenna (MBA) application. The antenna ap­

proaches studied include (a) multibeam reflector systems, (b) two dimen­

sional arrays, (c) Butler arrays, and (d) lenses. A summary of the study 

is presented in the following paragraphs. Section A. 2 reviews the require­

ments; the general characteristics of an MBA are considered in Sedtion A. 3; 

Section A. 4 discusses each approach; the rough order of magnitude (ROM) 

weight estimates are presented m Section A. 5; finally, Section A. 6 presents 

the conclusions with regard to a baseline and an alternate configuration. 

A. 	2- REQUIREMENTS 

The requirements of the MBA system are that it provide coverage 

over conus from synchronous altitude, operate at a frequency of 5 GHz, and 

exhibit optimum gain commensurate with an aperture approximately 200 ft 

in diameter. The size of the antenna was somewhat arbitrarily chosen as 

being the largest one that could be designed with close mechanical tolerance 

and still be packaged within the shuttle. The angular coverage requirement 

of the MBA is illustrated m Figure A-i. As seen in the figure, a multibeam 

antenna on a satellite positioned at "All requires a field of view (FOV) of 

+3 deg to cover conus. If Alaska and Hawaii are included, a ±6 deg FOV is 

required. For the purposes'of this study, a FOV of ±3 deg was assumed. 

Ground coverage (footprint) from each beam of an MBA depends on the scan 

angle from nadir. Figure A-2 shows the ground intercept distance (in the 

plane of scan) in miles as a function of scan angle from nadir for several 

beams exhibiting FOVs of ±0. 005, ±0. 05, and ±0. 5 deg. The nominal half 

or FOV, of an aperture 200 ft in diameter is ±0. 033 deg. 
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Figure A-I. Angular Coverage Requirement of MBA 
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A. 3 GENERAL MBA CHARACTERISTICS 

General characteristics of an MBA system are depicted in 

Figures A-3 through A-5. Figure A-3 is a sketch illustrating sidelobe 

levels of an on-axis beam as a function of the illumination taper. It also 

shows a typical beam numbering scenario. The beams are arranged in a 

triangular lattice. Various crossover points between three adjacent beams 

are identified. MBA beam efficiencies as a function of this beam crossover 

are plotted in Figure A-4(a), with the product of maximum efficiency and 

crossover level versus crossover level being plotted in Figure A-4(b). 

Finally, the relationship between crossover level and f/D ratio for a lens 

and a parabolic reflector is shown in Figures A-5(a) and A-5(b) respectively. 
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Figure A-3. MBA Beam Characteristics 
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A.4 CONCEPTUAL APPROACHES 

A.4. i Reflector Systems 

The paraboloid is a specific class of reflector -type antenna. Other 

reflector systems include the paraboloid-cassegran, Gregorian, spherical, 

and bifocal configurations. The question as to which reflector type is the 

most attractive approach for achieving the requirements stated above 

requires many trade-off studies. One must consider losses associated with 

scan beamwidths as a function of frequency, spillover, defocusing, blockage, 

and phase errors. Other considerations are the physical size, weight, 

deployment mechanism, and feed support structure. 

The investigation of reflector systems of this study effort has been 

primarily devoted to the analysis of the front-fed paraboloid reflector to 

ascertain whether it is a viable candidate for far-off axis scanning. The 

degree of emphasis on the paraboloid should not be interpreted as excluding 

other types of reflector configurations. One might conclude that the 

Gregorian and cassegrain reflectors are unattractive from the standpoint 

of blockage; however, it is believed that additional study should be con­

ducted before excluding them. Bifocal and spherical reflectors also deserve 

further investigation. 

The principle of beam scanning using a paraboloid is illustrated in 

Figure A-6. When the feed is displaced laterally from the axis of the 

paraboloid, the phase front emanating from the surface of the paraboloid is 

tilted, producing a scanned beam. The ratio of the angle of the scanned 

beam to the angular displacement of the feed is known as the "Beam 

Deviation Factor. " 

Literature search of paraboloidal antennas show that most articles 

on the subject of beam scanning with paraboloids are concerned with scan 

angles less than ten beamwidths. Reference A-i is one of the few found 

that applies to the wide angle scan requirement. The article titled, "A 

Comparison of Experimental and Theoretical Properties of Wide Angle Beam 

Scanning Paraboloids, " presents measured and computed data of 10O X and 
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Figure A-6. Beam Scanning with a Paraboloid Reflector 

400 X dia apertures, respectively. Figures A-7 through A-tO were ex­

tracted from the article for reference purposes. Figure A-7 depicts the 

experimental antenna configuration. As indicated in the figure, the antenna 

was an 84-in. dia paraboloid with a focal length of 36 in., yielding a f/D of 

0. 428. For the particular experiment, the feed was positioned on the locus 

corresponding to maximum gain. The holding fixture for the feed permitted 

the axis of the feed to be pointed towards the vertex of the paraboloid. 

Figure A-8 shows physical coordinates of'the feed. A focal plane offset 

corresponds to movement in a plane parallel to the aperture of the reflector, 

which contains the focus of the paraboloid. This is indicated by the hori­

zontal line at the top of the figure. The coordinates of the locus for the 

experimentally determined, optimum scan curve and for the "Petzval" 
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surface are indicated by the solid and dashed curves, respectively. (In 

optics, the Petzval surface is defined as that locus which contains a sharp 

image when other aberrations are absent. ) Radiation patterns of the 84-in. 

paraboloid as a function of scan angle are shown in Figure A-9. Absolute 

gain measurements as a function of scanned degrees and beamwidths are 

presented in Figure A-JO. Note that as the beam is scanned 30 beamwidths 

from the axis of the paraboloid from the axis, the gain loss is approximately 

8.7 dB. Computed radiation patterns and scan-gain loss curves for a 

400 X-dia aperture are shown n Figures A-li and A-12. The scan loss 

gain at 45 beamwidths of scan is -11.25 dB. The high scan losses in gain 

reflected by Figures A-i.0 and A-i2 show that reflector with small f/D 

ratios are not suitable for large scan angles. This conclusion is also sub­

stantiated by a recent Hughes study (Ref. A-2). 

The remaining portion of the study of paraboloids concentrated on 

the investigation of the scanning characteristics of reflectors having large 

f/D ratios. The primary objective was to determine whether the paraboloid 

could be ruled out as a viable candidate for the large scan angle require­

ments on the basis of scan loss and sidelobe level only. 

An in-house computer program (Ref. A-3) was utilized for the 

investigation. The program follows the work of Ruze (Ref. A-4) in com­

puting a pattern in the plane of scan. For purposes of the gain calculation, 

it was assumed that the patterns through the beam axis orthogonal to the 

plane of scan remained the same as the on-axis beam pattern. 

Calculations were pirformed for a series of paraboloid antennas 

(1016 X dia) exhibiting f/D ratios of 1. 0 and Z. 0 with illumination tapers of 

-10.0 and -30. 0 dB. Performance summary tables, computed radiation patterns, 

and scan loss characteristics of the four configurations are shown in Tables A-i 

through A-4 and Figures A-13 through A-20. The data show scanning losses 

at 3 deg of 3.5 and 2.7 dB for paraboloids with f/Ds of i and respective 

illumination tapers of -10.0 and -30.0 dB. In the case of paraboloids with 

2. 0 f/D ratios, the losses at 3 deg scan angles are virtually negligible, 
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Table A- i. Performance Summary of Paraboloidal Designs 
£ Case I 

(a) 	 General Description 

Reflector Diameter 

f/D Ratio 

Aperture Illumination Taper 

(b) 	 On-Axis Performance 

Aperture Gain (Maximum) 

On-Axis Directivity 

fllurnmnation Efficiency 

Half Power Beam Width 

(c) 	 Scanning Performance 

Feed Angle, deg 

Beam Angle, deg 

Beam Deviation Factor 

Scanning Loss (dB) 

Side Lobe/Comma Lobe (dB) 

200 ft (1016 X at 5.0 GHz) 

1.0 

-10 dB 

70. 1 dB 

69.7 dB 

91.3 	percent 

0 065 deg 

0 2 

0 1 93 

- 0.97 

- -2.21 

-22.20 -9.30 

4 6 

3 92 5.93 

0.98 0.99 

-4.87 -6.65
 

-10.90 -9.90 

Table A-2. Performance Summary of Paraboloidal Designs 

Case II 

(a) 	 General Description 

Reflector Diameter 

f/D Ratio 

Aperture Illumination Taper 

(b) 	 On-Axis Performance 

Aperture Gain (Maximum) 

On-Axis Directivity 

murnnation Efficiency 

Half Power Beam Width 

(c) 	 Scanning Performance 

Feed Angle, deg 

Beam Angle, deg 

Beam Deviation Factor 

Scanning Loss (dB) 


Side Lobe/Comma Lobe (dB) 


200 ft (1016 

1.0 

-30 dB 

k at 5.0 GHz) 

70. 1 dB 

69.0 dB 

77 percent 

0.071 deg 

0 

0 

-

-

25 50 dB 

2 

1.94 

0.97 

-1.59 

-11.60 

4 

3.92 

0.98 

-3.88 

-10 10 

6 

5 93 

0 99 
-5.22 

-11.80 
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Table A-3. Performance Summary of Paraboloidal Designs 

Case 1ll 

(a) General Description 

Reflector Diameter 

f/D Ratio 

Aperture Illumination Taper 

200 ft (1016 

2.0 

-10 dB 

X at 5.0 GHz) 

(b) On-Axis Performance 

Aperture Gain (Maximum) 

On-Axis Directivity 

Illumination Efficiency 

Half Power Beam Width 

70. 1 dB 

69.7 dB 

9i.3 percent 

0. 065 deg 

(c) Scanning Performance 

Feed Angle, deg 

Beam Angle, deg 

Beam Deviation Factor 

Scanning Loss (dB) 

Side Lobe/Comma Lobe (dB) 

0 

0 

-

-

-22.10 

2 

1.98 

0.99 

-0.18 

-16.10 

4 

3 97 

0.99 

-0.66 

-12 70 

6 

5.98 

0.99 

-1.46 

-10.70 

Table A-4. Performance Summary of Paraboloidal Designs 

Case IV 

(a) General Description 

Reflector Diameter 200 ft (1016 X at 5.0 GHz) 

f/D Ratio 2 0 

Aperture Illumination Taper -30 dB 

(b) On-Axis Performance 

Aperture Gain (Maximum) 70. 1 dB 

On-Axis Directivity 69.0 dB 

Illumination Efficiency 77. 2 percent 

Half Power Beam Width 0.071 deg 

(c) Scanning Performance 

Feed Angle, deg 0 2 4 6 

Beam Angle, deg 0 1.98 3 98 5.98 

Beam Deviation Factor - 0.99 0.99 0.99 

Scanning Loss (dB) - -0.13 0.48 -1.08 

Side Lobe/Comma Lobe (dB) -25.00 -18.00' -14.30 -iz.00 
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being 0.42 and 0.31 dB for illumination tapers of -10 and -30 dB. The 

data also show that the comma lobe levels are decreased as the f/Ds and 

illumination tapers are increased. The lowest comma lobe levels are 

achieved for an f/D equal to 1. 0 and an illumination taper of -30 dB. 

In summary, the results of the present "quick-response-type" 

investigation indicates the paraboloid to be viable candidates for the require­

ment and worthy of further study, however, they will have to have a large 

f/D and a highly tapered aperture to achieve low scanning losses and ac­

ceptable comma lobes. Factors that must be addressed in any future com­

prehensive investigation include: 

a. Achievable and required surface accuracy of 

reflectors (rms) 

b. Phase error as a function of thermal distortions 

c. Optimizing axal positions of feeds 

d. Feed blockage 

e. Support blockage 

f. Spillover efficiency 

g. - Illumination efficiency 

h. Feed defocusing effects 

i. Mutual impedance when feeds are brought in 
close proximity 

j. Feasibility of deploy mechanism 

k. Feasibility of launch configuration 

1. Weight and efficiency 

m. Tolerable and achievable near and far sidelobe 
levels. 

A.4.2 	 Planar Array 

The planar array investigation focused on establishing the maximum 

achievable gain as a function of aperture size for multibeam corporately 

fed antennas utilizing either coaxial or waveguide transmission line networks. 

The scanning loss characteristics as a function of sub-array sizes were 

also addressed. 
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The theoretical limit on the achievable gain of a planar array is 

dictated by the loss of an array's corporate feed. For example, if one used 

copper-clad 0. 141 type cable in the fabrication of the corporate feed network, 

the maximum achievable gain, assuming lossless array elements, is 

39.Z'dBi. In arriving at this figure, the ideal gains of a series of uniformly 

illuminated equiphase square apertures were computed. The RF path losses 

associated with each aperture were subtracted from the ideal gain values to 

arrive at net gains. The sizes of the apertures ranged from 5 by 5 ft to 

60 by 60 ft. The data, shown in Table A-5, are plotted in Figure A-2i. 

The aperture size corresponding to the 39.2 dBi gain (5 GHz) is 30 by 30 ft. 

Table A-5. Square Aperture Performance Analysis 5 GHz 

Aperture Maximum Minimum Corporate Cable Net 
Size Aperture Gain Feed Path Length Attenuation Gain 
(ft)2 (dBi) (ft) (dB) (dB) 

52 32 5 1.4 30.6 

1021 38 I0 2.8 35.2 

i5 41.6 15 4.2 37.4 

202 44 20 5.6 38.4 

252 46 25 7.0 39.0 

302 47.6 30 8.4 39.2 

352 48.9 35 9.8 39. i 

402 50 40 ii.2 38.8 

502 52 50 14.0 38.0 

602 53.6 60 16.8 36.8 

'Times Wire and Cable Company's copper clad cable CL 50i4iT. 
Loss equals approximately 28 dB/100 ft. Weight equals 0. 032 lb/ft. 
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Figure A-Zi. Maximum Aperture Gain (5 GHz) using 
0. 141 Coaxial Copper Clad Corporate 
Feed Network (See Table A-5) 

An analogous series of computations were performed assuming a 

corporate feed network consisting of RIG 49 waveguide (2 by I by 0. 064 in. 

wall). The results are shown in Table A-6. The optimum size aperture is 

400 by 400 ft with a maximum achievable gain of approximately 62 dBi. 

Because of the large number of elements associated with the above 

designs and the complexity of any conceivable feed system, neither 'of the 

above corporately fed arrays are considered viable approaches for the 

present multibeam application. In the case of the 30 by 30 ft coaxial fed 

configuration approximately 23, 225 elements would be required, assuming 

half-wavelength spacings. Unless a Butler-type feed is used, separate 
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Table A-6. Square Aperture Performance Analysis 
(Waveguide Feed 5 GHz) 

Aperture Maximum Minimum Corporate Waveguide Net 
Size Aperture Gain Waveguide Length Loss Gain 
(ft)2 (dBi) (ft) (dB) (dB) 

502 52 50 1.0 51 

1002 58 100 2.0 56
 

2002 64 200 4 60
 

4002 70 400 8 62
 

8002 76 800 16 60
 

1G 49 waveguide 2 by i by 0. 064 in. wall. 

corporate feeds would be needed for each beam. The weights of such feeds 

in the case of a 5000 to 10, 000 multibeam array would be stupendous. The 

problems are compounded in the case of the 400 by 400 ft aperture. The 

number of elements could approach 4, 000, 000. 

If one limited the size of the aperture to 200 by 200 ft and utilized 

sub-arrays as element models, the complexity of the array is significantly 

reduced. Unfortunately, however, as the sizes of the sub-arrays are 

increased, the scanning loss is also increased. Table A-7 shows the rela­

tionship between sub-array spacing and scanning loss. In these calculations, 

it was assumed that the element pattern of the sub--array was a cosNB type 

pattern with a directivity equal to the directivity of a uniform illuminated 

equiphase square aperture. The sides of the square aperture was assumed 

to be equal to the spacing between sub -array modules. 

Even with sub-array modules of 7.45 X by 7.45 X (corresponding to 

a scan loss of -3.0 dB), a 200-ft square aperture would still require over 

15, 000 sub-modules. Since the weight and complexity of a parallel-type 

corporate feed structure is still considered prohibitive, the corporately 

fed planar array approach was eliminated as a contender. 
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Table A-7. Scan Loss Vs Sub-Array Size
 

Scan Angle Scan Loss 

3.61 -0.200 

3.6i -0.400 

3.61 -0.600 

3.61 -0.800 

3.61 -1.000 

3.61 -1.200 

3.61 -1.400 

3.61 -1.600 

3.61 -1.800 

3.61 -2.000 

3.61 -2.200 

3.61 -2.400 

3.61 -2.600 

3.61 -2.800 

3.61 -3.000 

3.61 -3.200 

3.61 -3.400 

3.61 -3.600 

3.61 -3.800 

3.61 -4.000 

3.61 -4.200 

3.61 -4.400 

3.61 -4.600 

3.61 -4.800 

3.61 -5.000 

Sub-Array Spacing (X)
 

1.96
 

2.75
 

3.35
 

3.86
 

4.31
 

4.72
 

5.10
 

5.45
 

5.78
 

6.09
 

6.38
 

6.67
 

6.94
 

7.20
 

7.45
 

7.69
 

7.93
 

8.16
 

8.38
 

8.60
 

8.81
 

9.02
 

9.22
 

9.42
 

9.61
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A.4.3 Butler Array 

An example of an eight-element Butler array is depicted in 

Figure A-22. The array has eight independent beams. Each beam utilizes 

all elements of the array and has a gain equal to the aperture gain minus 

the gain associated with decreases in the projected aperture in the direction 
2of the scanned beams. The gains are also degraded by the I R losses of 

the antenna elements, beam forming network, and interconnecting trans­

mission line assemblies. A schematic of the beam forming matrix is 

shown in Figure A-23. It consists of a series of 3 dB directional coupler 

and phase shifters. Figures A-24 and A-25 are photographs of a beam 

forming matrix and an array. The matrix is an example of hardware im­

plementation of the schematic shown in Figure A-23. The particular matrix 

(designed at Electronic Specialty Company) utilizes coupled mode 90-deg 

hybrids (Ref. A-5) in conjunction with Shiffman-type phase shifters 

(Ref. A-6). The elements are cavity-backed dielectrically loaded equian­

gular spirals. Figure A-Z6 is a schematic of a 16-element Butler array. 

It shows the rapid increase in complexity of a matrix as the number of 

elements are increased. 

The design equations for determining the number of hybrids and 

phase shifters in a Butler array are as follows: 

Number of Hybrids = N/2 log2 (N) 

Number of Phase Shifters = N/2 (log2 N - i) 

where N = number of array elements or modules 

The first step in applying these equations to the previously consi­

dered 200 by 200 ft aperture is to select the number of elements, or sub­

array modules. Factors influencing the selection of the number of elements 

are (a) they must be a power of two and (b) their spacing should not result 

in excessive scanning losses. The number of elements, or sub-arrays, 

chosen as satisfying these criteria was 16, 384. The spacing between 

A-24
 



Typical Beams 

4 5 

BUTLER BEAM FORMING MATRIX 

Figure A-22. 
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Figure A-23. Schematic of Eight-Element Butler Array 
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Figure A-26. Schematic of Sixteen-Element Butler Array 

modules was 7.94 X, resulting in a scanning loss of 3.4 dB (3.61 deg scan 

angle). The detailed design of the configured array is as shown in 

Table A-8. The number of hybrids and phase shifters are seen to be in 

excess of 200, 000. 

Table A-8. Butler Array Configuration 

Frequency 5 GHz 

Size ZOO by ZOO ft 

No. of modules 16,384 

Module size 18.75 by 18.75 in. (7.94 k) 2 

No. of hybrids 114, 688 

No. of phase shifters 106,496 

Sector coverage ±3. 61 deg 

Scanloss -3.4 dBr 

at a scan angle of 3. 61 deg 
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In view of the analyses regarding corporate feed losses with the 

planar array, the Butler array does not lend itself to an acceptable feed 

design. ff the feed is coax, the losses associated with a large aperture 

feed would be prohibitive. If a waveguide-type feed system is utilized, the 

weight and packaging requirements would prove unsurmountable, particularly 

when one considers the feed would have to incorporate over 200, 000 hybrids 

and phase shifters. The Butler approach is thus considered very unattractive. 

A. 4.4 Bootlace Lens 

The bootlace lens has been studied by a number of companies, with 

its suitability for multibeam application being well established. The design 

concept is considered a viable approach for the present multibeam application. 

In the study, various design aspects of the bootlace lens have been addressed. 

In addition, a lens design proposed by Grumman was reviewed and "sized" 

to the present 200-ft dia requirement. Comments on the applicability of 

the Grumman design are provided. 

Table A-9 and Figures A-27 through A-32 were generated in sup­

port of the study. Figure A-27 was extracted from the Grumman proposal. 

The figure shows a packaged, partially deployed, and fully deployed bootlace 

lens configuration. The dimensions of the lens for the present requirement 

are as shown in Figure A-28. A summary of structural comments on the 

lens concept is given in Table A-9. Detailed comments are included in 

Appendix B. Since the proposed lens is flat on both sides, the distances of 

corresponding elements on the two surfaces from the axis of the lens are, 

in general, different. The variation in the spacing of elements on one face 

with respect to the other face is needed for the lens to satisfy the Abbe'Sine 

Condition. The equations relating the positions of the elements on the two 

surfaces are shown in Figure -A-29. Figures A-30 and A-31 address the 

subject of refocusing the feed axially for scanned beams. Even though the 

example is for a waveguide lens, the improvement shown is also considered 

applicable to the bootlace design. Finally, Figure A-32 suggests a method 

of potentially analyzing the effects of a shroud around for various beams. 
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It is noted that a shroud was successfully used in the DSCS III antenna to 

reduce sidelobe for the far off-axis beams. The usefulness of the approach 

to the present configuration requires further consideratioi. 

Table A-9. Summary of Structural Comments on 

Grumman MBA Concept 

* Structural configuration is feasible. 

* Best features 

- Packaged proportions are moderate. 

- Boostable and deployable as packaged. 

- Combination of technologies which basically exist 
today. 

* Risk features 

- Extendable mast vulnerable to acceleration forces 
during and after deployment. 

- Zero-g qualification testing of mast and array will be 
impossible; modeling and analysis must suffice. 

- Structural dynamics and control possible. 

- R.F. effects of reducing f/D ratio from 2.5 to -1.0. 

* Alternate approaches to array deployment and configura­
tion should be examined, including inflatable membranes, 
on -orbit fabrication. 
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A. 5 ROM WEIGHT ESTIMATES
 

ROM weight estimates of several antenna approaches are shown in 

Table A-jO. Of the approaches listed, the parabolic reflector and the boot­

lace lens are attractive candidate designs. The quoted weight of the parabo­

lic reflector was arrived at from scaling quoted estimates from industry. 

The bootlace lens estimate was influenced by the Grumman design. The 

other estimates are simply best judgement. 

Table A-I0. 	 ROM Weight Estimates 
(216 ft/66 Meter Aperture) 

Lens Weight Feed Weight Total Weight 
Antenna Type (lb) (ib) (Ib) 

Rotrnan Lens 	 8, 000 iz, 000 20, 000 

Bootlace Lens 	 3, 200 2, 200 5, 400 

Parabolic Reflector 	 2, 300 2, 200 4, 500 

Butler Array 	 8, 000 12, 000 20, 000 

Gregorian Class Reflector 2,300 3, 500 5, 800 

A. 6 CONCLUSIONS 

The results of the study to date show that corporately fed planar 

arrays and Butler arrays are unsatisfactory for large aperture multibeam 

antennas. The I2R losses, weight, and complexity of the feed systems are 

prohibitive. Paraboloids with small f/D ratios are also considered unac­

ceptable. Comma lobes rise as the beam is scanned and the scan losses 

are excessive. On the other hand, paraboloids with f/D i. 0 are very 

attractive. With a highly tapered illumination, the scan losses out to 3 deg 

can be held to less than 0.55 dB, with the comma lobes being approximately 

-if dB for an f/D = 1.0 and -15 dB for an f/D = 2.0. Bootlace lenses also 

appear very satisfactory from a standpoint of RF performance, particularly 
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if axial positioning of off-axis are optimized for low sidelobes. Insofar as 

weight and complexity are concerned, the paraboloid is believed to be 

somewhat superior to the bootlace lens, however, the position tolerances 

of the lens are less stringent, simplifying the mechanical design. Further­

more, the lens can be made active for electronic beam steering, beam 

amplification, or both, which is not possible with the paraboloids. 

In summary, it appears that the paraboloid and the bootlace lens 

appear to be equally attractive alternates, as seen from Table A-if. These 

design approaches can be updated as future studies dictate. 

Table A-il. Antenna Choice Considerations 

ANTENNA TYPES 

Butler-Fed Lens-Fed Horn-Fed Array-Fed 
PARAMETER Arrays Arrays Parabolas Parabolas Lenses 

Efficiency Low Low High Moderate High 

Sidelobe Control High Low Moderate - Moderate 
For Scanned Beams High High 

Frequency Independence Low High High Probably High 
of Scan Angle Low 

Electronic Steering 
High Moderate Moderate Highof Ensemble of Beams High 

Weight (67 m)' High High Low Moderate Moderate 
20,000 lb 20,000 lb 4,500 lb 5,800 lb 5,4400 lb 

A-35
 



REFERENCES
 

APPENDIX A 

A-i. 	 R. A. Dell-Imagine, "A Comparison of Experimental and Theoretical 
Properties of Wide Angle Beam Scanning Paraboloids, " Paper pre­
sented International IEEE/AP-5 Symposium, Hughes Aircraft Co. 
(1974). 

A-2. 	 Final Report for Advanced General Purpose Forces Satellite Antenna 
Study, SAMSO TR-74-71, Hughes Aircraft Co., Culver City, Calif. 
(Dec 1973). 

A-3. 	 R. W. Grundmeyer, Calculation of the Gain Loss of Off-Axis Fed 
Paraboloidal Antennas, ATM 74(4901-02)-35, Aerospace Corp.,
El Segundo, Calif. (28 Feb 1974). 

A-4. 	 J. Ruze, "Lateral-Feed Displacement in a Paraboloid, " IEEE Trans. 
Antenna Propagat. AP-13, pp. 660-665 (Sept 1965). 

A-5. 	 J. K. Shimizu, A Strip Line 3-dB Directional Coupler, SRI Project
1592, Scientific Report No. I (AF 19 604-1571) (June 1957). 

A-6. 	 B. M. Schiffman, "A New Class of Broadband Microwave 90-Degree 
Phase Shifters, " IRE Trans. on Microwave Theory and Techniques, 
232 (April 1958). 

A-36
 



APPENDIX B 

SELECTION OF INITIATIVES 

The process of selecting the final initiatives to be defined and 

evaluated in this study will be documented in this appendix. The major over­

all criteria that were followed for initiative evaluation are shown in 

Table B-i. This set of criteria was necessary in order to guide the selec­

tion process to a useful result - a definable concept with definable competi­

tors that would be viable for the required time period and would fit into the 

concept of a large geostationary device that could eventually be a candidate 

for integration into multipurpose platforms or could stand alone in providing 

the useful services. At the outset, a decision had to be made on the number 

of initiatives or concepts that could be defined.. Due to funding limitations, 

it was concluded that at most three with perhaps four concepts could be de­

fined, costed, and evaluated. Thus, clearly a set of major options presented 

itself which are illustrated in Table B-2. These options span the range from 

definition and evaluation of a number of different implementations or designs 

for one application, for example a television system for educational purposes 

with three different system concepts; one interchanging information between 

a few hundred broadcasting stations, a second interchanging information 

between major centers of learning numbering in the several thousands, and 

a third distribution of educational programming material to all U. S. schools 

numbering in the several tens of thousands. 

Table B-i. Overall Criteria for Initiative Selection 

1. Useful/needed 
2. Marketable
 
3. Definable Concept 
4. Definable Competitor Concepts 
5. Large (Complexity Inversion) 
6. Viable for i985-i990 Time Period 
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Table B -2. Major Options 

I. Spectrum of Capabilities for One Application 
2. Nominal Plus One Growth Capability for Two Applications 
3. Nominal Capability Only for Three to Four Applications 

Another option would be the analysis of a nominal capability for three 
or four different applications in which a point design would be made for each 

application. Intermediate options, of course, would exist. The'advantages 

of the first option are that a good insight would be gained for the system design, 

as a function of its requirements, and conclusions could be drawn on the pre­

ferred or best size of the job to be tackled, above or below which it no longer 

becomes competitive with ground systems. An advantage of the latter option 

in which a nominal capability is analyzed for several different applications, 

has the advantage that a spectrum of applications is covered although the dis­

advantage is that the wrong operating point may be chosen for each applica­

tion at which the particular application might be terribly expensive or not 

very competitive, and little insight would be gained into that aspect with a 

point design. 

In weighing the various options, it was decided that at this early 

stage of definition of these concepts that it was more important to analyze a 

spectrum of applications than a spectrum of capabilities for one application 

inasmuch as there were no ready customers waiting in the wings with money 

in their hands to finance a particular application, and that should such cus ­

tomers become apparent after a study of three or four different applications, 

it would then be appropriate for a follow-on study to better define the pre­

ferred set of requirements or operating points for that application. 

A two-step procedure was followed in selecting the initiatives. 

First, a preselection was performed in which the hundreds of initiatives 

identified to date were reduced to approximately ten, utilizing the general 

guidelines and criteria discussed in Table B-i. The second step then involved 

a more detailed analysis of the surviving initiatives. This two-step process 

is illustrated in Table B-3. 
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Table B-3. Two-Step Selection Process 

P res election 

o 	 Preselect initiatives that probably fit a PSP, or have been 
associated with PSP in the past. 

* 	 The PSP concept is assumed to be large, complex, needed 
in the late 1980s or early 1990s, require technology that 
could be available then, and is probably useful. 

* 	 The preselection procedure uses judgment, rather than 
data, and does not perform an explicit evaluation. 

Selection Process 

* Perform numerical evaluation in two separate operations 

i. With equal weight to all attributes 
2. With weighting factors applied 

* 	 Use results of numerical evaluation to check an independent 
evaluation performed solely by judgment 

i. If they check - confidence in results 
Z. If they do not check - resolve why, and iterate 

The preselection rationale that was used involved a set of ground 

rules illustrated in Table B-4. These criteria were then applied to the 

initiatives set identified from the study of Advan'ced Concepts and Their Orbi­

tal Support Needs. A tabular listing of the major candidates and those sur­

viving with the rationale for their survival are illustrated in Tables B-5 

through B-7. Those candidates that survived this preselection process are 

listed in Table B-8 in which each surviving candidate is listed and the rationale 

for its selection discussed. The list of surviving major candidate initiatives 

is repeated without the rationale in Table B-9 for clarity. 

The criteria utilized for the second step of selection are shown 

in Table B-10. These criteria are applied to the surviving candidates in 

the process of evaluation which combines judgmental and numerical factors. 
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Table B-4. Preselection Criteria 

Communications 

i. 	 Ln order to be large, complex, and geostationary, 
missions must call for communications to/from small 
or mobile terminals over a large area or very high 
data rate, or both. 

2. 	 This implies that categories could include: 

a. 	 Mobile communications - voice/data 
b. 	 Fixed communications - video/data 

Sensing 

I. 	 In order to be large and complex must be geostationary 

2. 	 Categories could be active or passive radar, and 
active or passive optics. 

Support 

No other categories are advisable, since the missions are 
not likely to have acceptance (example - night illumination) 

All 

Services to USA only - initially 
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Table B-5. Preselection - Communications Candidates 

Candidates Rationale 

1lobal Not GEO,CC 1 Szarzh I Rzzcz - Small 

Locator 

Combine with GC-9 

CC-4 Electronic Mail Transmission Two versions needed: PO-PO 
(no union opposition) and Home-
Home (more economically viable) 

CC-5 Transportation Services 
Satellites 

Use GPS plus CEO Communication 
Relay 

86 - A;a.....d TV era----ast Like CC-i1: rename 
educational TV 

rural 

. :-lli.. Wrist Sot Like CG-9 

.6,. , National...... ,Not USA; Like GC-4 

CC-9 Personal Communications
Wrist Radio 

-. .. .. .. .... L..... Not USA 

CC-i1 3-D/Holographic Tele- Could be video 2-D display - same 
conferencing Comsat 

CC-12 Vehicle/Package Locator 

ORIGINAL PAGE IS 
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Table B-6. Preselection 

Candidates 

1. .A ... 1l "z- -/ 
Pollution Observatory 

CO-a Fire Detection 

CO-3 Water Level and Fault Move-
ment Indicator 

GE) 1 O... R.......a zn 
Dynamics System 

6.S Mt.....t...z ... 
Control Radar 

TJ &-- 

ea 6 U.N. T 
Satellite 

O...ion 

6E) :F rteefi ruol Lzzqetzz 

SE0 8 lzet ... -Zt;-zilqnzz 

00-9 Coastal Anti-Collision 
Passive Radar 

C 10 Aa rRr..cal Suapor Tz1 .....-

G0E)0 11 Atm..h-i Tcmpzraturz 
Profile Sounder 

CO 123 Synzhrcnzuz 
Satellite 

Mztzzzlzgizal 

,0 13 High Rn-lutize' 
Radar 

Ear th Mapi-g 

CO 14 .ntr.plna.v.r TL ink 

- Observation Candidates 

Rationale
 

- Low Altitude
 

Small, but retain as example 

Low Altitude 

Low Altitude, Many 

Low Altitude 

- Not GEO
 

Like CC-12
 

Make into 200-mile limit radar 
monitor 

Low Altitude, Far Future 

- Low Altitude 

Like CO-Z 

- Low Altitude 

-Not Public-Service Oriented 
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Table B-7. Preselection - Other Candidates 

Candidates Rationale 

E.. . .. l..t...n 

Microwave 

. .. - Far Term, too big 

68 a High.4iciez 
Gene ration 

y...a.. .. en.g- - Far Term, too big 

CC-S Energ; Ccncratizn 
Microwave 

Nucicar-o Far Term, too big 

...­ 4 T . ...11 ..... D- - Not GEO 

e- 5 Airrat L .. 
Powering 

r Leamn - Low Altitude, bag, far term 

CS 6 Nighat If.......... Too big 

. 

SS 8 

r.......... ..*igti..n Wri. 

Mti.atiBaal En.... 
Distribution 

Sot 

-t 

Combine with CC-9 

Low Altitude 

88 9 n.gy Mar r Similar to CC-12 

CCiH 

C 11 

iJ±>4,t Spcd Limi.t 

spa cPobric S vop@-

ea.tr.l Similar to CC-1Z 

Not public service 

6S 1 . ..........Rzplz-e 
Protection 

hin-A - Low Altitude 

E i3.. .. i. An.ti - .li..... S;zten Similar to CC-5, CC-12 

CS8 i E:...i. AL14.... 

Detection 
.Zn - Similar to CC-1Z 

1.S Power... e!" Satete eFar term, too big 

68 16 "I't-! - Function as Coastal Limit 
monitor-pas sive 
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Table B-8. Surviving Candidates After Preselection 

Communications 

* Personal/Emergency Communications 

- Combine personal wrist,radio (CC-9) with search/rescue 
beacon, emergency panic button, and voting/polling. 
Communications only, not navigation. No self-location. 
Example of mobile system, small antennas. 

- Same satellite provides disaster and police C&C functions. 

* Electronic Mail 

- One version is identical with CC-4. It is unlikely to be 
economically attractive, however will not have great 
societal impact. 

- A home-to-home or office system, with small boxes as 
terminals. Replaces all written communications functions 
of post offices, and reduces post offices to freight and 
package handling. UPS may take over; many jobs affected, 
but system could be economically viable. Example of 
fixed point-to-point system, small antennas. 

" Air Traffic Control 

- Use GPS system like CC-5 for position sensing,. and a 
COMSAT like CC-4 or CC-8 for two-way relay. The air­
craft determine their position and altitude, and relay to 
controllers via COMSAT. All traffic controllers for en­
route are in central location-central computing. Local 
airport controllers only for general aviation and taxi con­
trol. This is a fourth or fifth generation ATC in FAA 
terminology. Example of mobile aircraft communications. 

* Package/Vehicle Locator 

- Like CC-JZ. Combines elements of border surveillance 
(CO-8), vehicle limit control (CS-I0), burglar alarms 
(CS-i4), and energy monitor (CS-9). It has the mile­
long antenna NAVSAT, and CC-9-like COMSAT relay. 
The GPS satellites could replace the mile-long antenna. 
Example of small unattended self-navigating units. 
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Table B-8. Surviving Candidates After Preselection (Continued) 

* Video Teleconferencing 

- Like CC-ii, but make it easier to compare with ground 
systems by making it TV image (Z-D) display only. 
Bandwidths unchanged. Example of point-to-point video. 

* Rural Educational TV 

- Like CC-6 - similar functions and requirements. Ex­
ample of broadcast video. 

Sensing 

* Fire Detection 

- Typically ±0-ft optics in GEO. Other functions such as 
meteorology subsumed, as well as advanced Landsat. 
Example of large passive optical sensors. 

* Earthquake Fault Movement 

- Small, but may be seen as good example of what NASA 
can do for safety (if can predict earthquakes accurately). 
After good design may be very much larger. Example 
of active laser, low energy. Combines CO-3 and CO-It. 

* 200-Mile Limit Monitor 

- A smaller version of CO-9, to scan the coasts and detect/ 
locate all fishing vessels. May be combined with CS-16 
or GPS for near-term navigation of friendly vessels. 
Maps 200-mile swath offshore. Example of active radar 
at GEO. 
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Table B-9. Major Candidate Initiatives 

Mobile Communications 

- Personal/Emergency Communications 
- Package/Vehicle Locator 
- Air Traffic Control 

Fixed Communications 

- Electronic Mail (Home-Home) 
- Video Teleconferencing 
- Rural Educational TV 

Remote Sensing 

- Forest Fire Detection 
- 200-Mile Limit Monitor 
- Earthquake Fault Movement 

Table B-10. Initiative Selection Criteria 

Utility/Marketability 

- Potential Benefits 
- Popular Appeal 
- Broad Current Acceptance 
- Undesirable Effects 

Technology 

- Design Understanding 
- Cost Understanding 
- Credible Terrestrial Alternatives 
- Data Bank 

Industrialization Impact 

- Early Availability 
- Complexity, Size 
- Adaptability to Communications Multi­

purpose Platform 
- Adaptability to Optical Multipurpose 

Platform 
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The judgment factors utilized are shown in Table B-il. These judgment 

factors were applied in conjunction with a set of weighting factors (also based 

on judgment) as shown in Table B-12. 

The basic evaluation is then performed and shown on Table B-13 in 

which the judgmental factors, both weighted and unweighted, are shown for 

each of the surviving candidates for each element of the evaluation criteria 

list. A table compiling the summary scores in both the weighted and un­

weighted categories of the previous table was then prepared and is shown in 

Table B-14. The weighted and unweighted rankings are shown in the last 

columns on the right and are repeated in the evaluation results shown in 

Table B-15. 

In assessing the results of this numerical/judgment evaluation tech­

nique, it must be borne in mind that the numerical scores should only be con­

sidered an aid to a process that must of necessity be subjective. Thus, 

initiatives that were ranked close together in the evaluation results should be 

considered of equivalent value; however, where the evaluation resulted in 

greatly differing ranks, the relative positions of the initiatives in the ranking 

table should be considered to be meaningful. Thus, in reviewing, it is clear 

that the communications -oriented initiatives are to be preferred over the ob­

servation initiatives such as Forest Fire Detection. The selected initiatives 

appear in Table B-16 together with a description of their function. The three 

initiatives that were selected for analyses include: a Personal Communica­

tions concept for interconnection of large numbers of people wearing wrist 

radio personal terminals with emergency functions as well as pleasure func­

tions; an Educational TV distribution system for program dissemination and 

interchange for all school systems and at least open universities and learning 

centers; and an Electronic Mail system for exchanging information between 

business and government sectors of the total mail stream, but not including 

the home-to-home and home-to-other sectors of the mail stream. In addition, 

if time permits, it was decided that interconnection of rural telephones would 

be a useful fourth initiative function. This function could be a low capacity 

version of the Personal Communications Initiative. 
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Table B-ti. Initiative Selection Criteria (Judgment Factors) 

AREA CRITERIA JUDGMENT FACTORS, VALUE 

3 2 1 

Potential Benefits 	 High Intermediate Low 
High Intermediate LowUTILITYIMARKETABILITY Popular Appeal

Current Acceptance High Intermediate Low 
Undesirable Effects Few Some Many 
Design Understanding Good Fair Poor 
Costs Understanding Good Fair Poor 
Credible Terrestrial 

TECHNOLOGY 	 Alternatives* for Yes Limited No 
Comparison _ I 
Adequate/Available Yes Limited No 
Data Bank 
Early Availability Yes Maybe No 
Test Mi d-8Os; Ops - gos 
Complexity, Size Large In-Between Small 

INDUSTRIALIZATION Adaptability to Multi-
Purpose Communications 	 Good Fair Poor

IMPACT Platform 

Adaptability to Multi-
Purpose Optical Good Fair Poor 
Platform 

If no other way to perform function, then reverse the judgment element 

Table B-i2. Initiative Selection Criteria (Weight Factors) 

UTILITYIMARKETABILITY 	 VALUE 

- POTENTIAL BENEFITS 3 
- POPULAR APPEAL 3 
- BROAD CURRENT ACCEPTANCE 3 
- UNDES IRABLE EFFECTS 3 

TECHNOLOGY
 

- DES IGN UNDERSTAND ING 3 
- COST UNDERSTANDING 2 
- CREDIBLE TERRESTRIAL ALTERNATIVES 1 
- DATA BANK I 

INDUSTRIALIZATION IMPACT 

- EARLY AVAILABILITY 2 
- COMPLEXITY, SIZE 2 
- ADAPTABILITY TO COMMUNICATIONS MULTIPURPOSE 2 

PLATFORM 
- ADAPTABILITY TO OPTICAL MULTI PURPOSE PLATFORM 1 
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Table B-13. Selection Evaluation - I 

sl a [ a 
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Ttl Total Total Total Normalized Total Less Norm egtdUwihoTtl Less Miso Less Avg to 76 Avg (52) to 32 WegtdUeghd 

MobileCommoicatios 

- psesonal/Emrsgency 34 Z3 10 76 100 24 100 1 1 

- VehiclelPackage 31 20 7 67 88 15 63 4 3 
Locator 

- Air Traffi Control/ 30 19 6 66 87 14 58 5S
 
C.otisto Avoidan
 

Freed Communications 

Eleeoe Masl 30 19 6 64 84 12 50 7 4 

- Electronic Mail 30 19 6 67 8$ 15 63 4 4
 
(Post Office-Post Office)
 

as- Video Teleconferencing 33 22 9 73 96 Zt 41 88 a 

- Rural Edsict.nalTV 31 20 7 168 89 16 67 3 3 

RemOeSensing 

* 	 Forest Fire Detection 28 17 4 57 75 5 28 9 5
 
(Optnil)
 

- ZO-Mile Lisat Monitor 30 19 6 65 8b 13 54 6 4
 
(Radar)
 

- Earthjuale racat 30 19 6 64 84 32 s0 7 4
 
Movement Detector
 
(Laser)
 

B-13
 



10 

Table B-15. Evaluation Results 

RANK RANKEDWITH-EQUAL WEI GHT WEIGHTED RANKINGS 

1 Personal/Emergency Communications Personal/Emergency Communications 

2 Video Teleconferencing Video Teleconferencing 

3 Rural Educational TV Equal Rural Educational TV 

4 Vehicle/Package Locator) Score Vehicle/Package Locator Equal 

5 Air Traffic Control/Collision Avoid) Electronic Mail, (P.O. - P.O.) f Score 

6 Home-Home Electronic Mail Equal Air Traffic ControliCollision Avoidance 

7 P.O. - P.O. Electronic Mail Score 200-Mile Limit Monitor 

8 200-Mile Limit Monitor Electronic Mail (Home-Home) 

9 Earthquake Fault Movement Monitor) Earthquake Fault Movement Monitor 

Forest Fire Detection 

Table B-16. 

INITIATIVE 

a Personal Communications 

* Educational TV 

* Electronic Mail 

* Rural Telephones 

Forest Fire Detection 

Selected Initiatives 

FUNCTION 

- Interconnection of Wrist Radio Personal 
Terminals 

- Pleasure, Business, Mobile Uses 
- Emergency Channels For. 

Panic 
Search/Rescue 
Disasters 

- Program Dissemination and Interchange 

-
Within All School Systems In CONUS 

Open University Learning Center Program 
Distribution/[nteraction 

- Public TV Interconnect? 

- Interconnection of Business and 
Government Buildings Directly 

- To Be Defined If Time Permits 
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The applicability of the selected initiatives to performing other 

functions that were similar although not necessarily identical, in the large 

number of initiatives initially considered for selection, are displayed in 

Table B-17. A review of this table indicates that analysis and definition of 

the three selected initiatives will have great applicability to other similar 

initiatives in the initial initiatives list, and thus verifies that this initial 

analysis will have broader use than for the three initiatives that are analyzed 

in depth in this study. 
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Table B-l7. Applicability to Other Initiatives/Functions 

Selected-ntiative 

Rural/Educational TV 

Personal/Emergency 
Communications 

Electronic Mail 

(Home/office inerte) 

Video Teleconferencing 

Functions Satisfied 

fewer channels, same function 

TBD 

one way video presentations 

video data bank access 
(x-rays, etc) 

most functions, except 
scrambling/A/ 

all functions 

lower capacity 

emergency medical 
advice (voice) 

all functions (TBD) 

USA only; most functions 
except location 

comsat functions only 

most functions, except 
location 
most functions 

TBD-many functions 

very thin route only, not 

high capacity 

Data requests-facsimile 

Comsat functions-no location 

regional collect ion system 
inertie 

all functions, fewer channels 

all functions, to larger users only 

video surgical sharing, etc. 

slow scan TV conferences 

TED 

Other Initiatives/Functions 

Very Similar
 

advanced TV broadcast 


public services broadcast 


Somewhat Similar 

3D Holographic telecon­
ferencing 


national information 

services 


Very Similar
 
Urban/police wrist radio 


Disaster communications 


Voting/Polling 


National information 

services 


Personal Communications
 
system No. 1026, 1027 


Somewhat Similar
 

Global search/rescue 


Vehicle/package locator 


Search/rescue satellite 


Mobile services satellite 

hazard warning system 
No. 3065, 3066 

Very Similar 

electronic mail-post office 

national information services 

Somewhat Similar 

transportation services 

voting/polling system 

Very, Simila 
3D Holographic telecon-
ferencing 

Somewhat Similar 

advanced TV broadcast 

national information services 

diplomatic/UN hotlines 

multi-service domestic 
comsat No. 10Z0, 10Z 

CC-6 (A) 

(5YP) 

CC-il (A) 

CC-8 (A) 

CC-Z (A) 

CC-3 (A) 

CC-7 (A) 

CC-8 (A) 

(OFS) 

CC-i (A) 

CC-iZ (A) 

5YP 

5YP 

OFS 

CC-4 (A) 

CC-8 (A) 

CC-5 (A) 

CC-7 (A) 

CC-li (A) 

CC-6 (A) 

CC-8 (A) 

CC-10 (A) 

OFS 
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APPENDIX C 

CATALOG OF REFERENCE DOCUMENTS 

C. i 	 COST AND COMPARISONS 

1. 	 "Private Line Services: A comparison of AT&T, Western Union, 
and MCI Tariffs, " Business Communications Review, Sept-Oct 1972. 

2. 	 Intercity Services Handbook; American Telephone and Telegraph 
Company, Long Lines Marketing Department, August 1973. 

3. 	 "Economic Considerations for Communication Systems, " Thomas 
Cosgrove and Rodney D. Chipp, IEEE Transactions on Communi­
cations Technology, Vol. COM 16, No. 4, August 1968. 

4. 	 "The Economics and Applications of Small Earth Stations, " K. Milne 
and J. L. Blonstein, Plessey Radar Ltd., U. K. Seminar on 
Communication Satellite Earth Station Planning and Operation, 
London, May 20-31, 1968.
 

5. 	 "Cost Effectiveness in Global Satellite Communications, " B. I. Edelson, 
H. W. Wood, and C. J. Reber, COMSAT Corp., Raurnfahrtorschung, 
Band 20, Heft 2, Marz/April 1976, Pages 83-92. 

6. 	 Earth Observatory Satellite System Definition Study, Report No. 3 
Design Cost Trade-Off Studies and Recommendations, NASA Contract 
NAS 5-20518, General Electric, Valley Forge, PA., 15 July 1974. 
(Section 4.4, "Low Cost Ground Readout Station Design Concept 
and Design/Cost Trade-offs"). 

7. 	 "The Economics of Antenna Receiving Stations, " C. Louis Cuccia and 
Sheldon. Teicher, Philco-Ford Corp., Palo Alto, Calif., Microwaves, 
June 1969. 

8. 	 "Specialized Common Carrier Service, Tariff F. C. C. No. 6," 
Western Tele-Communications, Inc., Denver, Colorado, Feb 8, 
1974. (Carter F. Page, President). 

9. 	 "The Economics of Satellite Communications, " F. A. O'Nians and 
J. L. Blonstein, Plessey Radar Ltd., U. K. Seminar on Communication 
Satellite Earth Station Planning and Operation, London, May Z0-31, 
1968. 

C-i
 



10. 	 "Cost Benefit Studies for Large Space Structures, " Battelle Columbus 
Laboratories, Briefing, 13 July 1977. 

fl. 	 "Integrated Orbital Servicing and Payloads Study, Final Report 
Vol. II, Technical and Cost Analysis, " Contract NAS 8-30849, 
Data Procurement Document No. 463, Data Document No. MA-04 
COMSAT Laboratories, September 1975. 

12. 	 "A Cost-Performance Analysis of Alternative Manpower Technology 
Combinations for Delivering Primary Health Care, " H. Dhillon and 
A. M. Bennett, Mitre Corporation, Technical Report No. MTR-7068, 
October 1975. 

f3. 	 "Reports on Selected Topics in Telecommunications, " Final Report 
No. 309 -0175 1-3, National Academy of Engineering by the National 
Academy of Sciences, Washington, D.C., November 1968. 

14. 	 "Cost-Effectiveness of an Interactive Broadcast Satellite, " Howard 
H. Hupe, Astronautics & Aeronautics, Pages 63-67, January 1975. 

15. 	 "A Preliminary Evaluation of Alternative Telecommunication Systems 
for the Delivery of Primary Health Care to Remote Areas, " 
David W. Conrath, Earl V. Dunn, J. Norrie Swanson, and Paul D. 
Buckingham, IEEE Transactions on Communications, Vol. COM-Z3 
No. 10, October 1975. (Pages ii19-1126) 

16. 	 "Methodology for Reliability-Cost-Risk Analysis of Satellite Networks, 
J. S. Greenberg and G. A. Hazelrigg, Jr., Princeton University, 
J. Spacecraft, Vol. ii, No. 9, September 1974. (Pages 650-657) 

17. 	 "System Alternatives for the Public Service Satellite Consortium," 
James M. Janky, James G. Potter and Bruce B. Lusignan, 
Pages 227-234. 

18. 	 "Economic Considerations for Low-Traffic Satellite Earth Stations, 
B. G. Evans and E. Farell, Telecommunication Journal - Vol. 39­
VIII/1972, Pages 500-504. 

19. 	 "Satellite Communication for Small Users, " George R. Welti, 
AIAA Paper No. 69-1073, October 20-24, 1969. 

20. 	 "Use of An Empirical Product-Oriented Cost Data Bank for Predicting 
and Negotiating Future Satellite Systems Costs, " Hyman Silver, 
Rockwell, AIAA Paper No. 70-445, April 6-8, 1970. 
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21. 	 "Optimization Study of the Satellite Broadcasting System for 
Television, " Takehiro Izumi and Jun Shimaoka, Japan Broadcasting 
Corporation, Pages 787-793. 

Z2. 	 "Comparison Between Communication Satellite Systems and Other 
Transmission Systems, " J. Lalou, paper. 

23. 	 "The Effects of R&D on the U.S.. Telecommunications Industry, 
Philip Abran and Kan-Hua Young, Astronautics & Aeronautics, 
May 1977, Pages 46-52. 

24. 	 "Economic Viability of Pursuing a Space Power System Concept," 
George A. Hazelrigg, Jr., J. Energy, Vol. i, No. 2, March-April, 
1977, Pages 93-99. 

25. 	 "The Economics of Telephone Networks - The Case of Costa Rica, 
Raul Schkolnick, Inter-American Development Bank, January 1976. 

26. 	 "A Reliability., Cost and Risk Analysis of Establishing and Maintaining 
a Space Communications Satellite Network, " J. S. Greenberg and 
G. A. Hazelrigg, Jr., AIAA/ASME/SAE Joint Space Mission Planning 
and Execution Meeting Paper No. 73-582, July 10, 1973. 

Z7. "Economic Considerations for Low-Capacity SHE Satellite Communi­
cations Earth Terminals, " G. P. Petrick and C. M. Abrahamson, 
April 22 1974, AIAA 5th Communications Satellite Systems Conference 
Paper No. 74-459. 

28. 	 "Design Optimization for Profit in Commercial Communications 
Satellites, " Bernard Raab and Sidney Friedrick, AIAA 5th Communi­
cations Satellite Systems Conference Paper No. 74-467, April Z2, 
1974. 

29. 	 "An Education Satellite: Costs and Effects on the Educational System," 
Howard H. Hupe, Educational Technology, October 1974. 

30. 	 "Satellite Charges for a Mixed Pre-Demand-Assigned System, 
B. G. Evans and E. Farell, IEEE Transactions on Aerospace and 
Electronic Systems, Vol. AES-8, No. 5, September 197Z. 

3f. 	 "Cost-Effectiveness of an Interactive Broadcast Satellite, " Howard H. 
Hupe, Astronautics & Aeronautics, January 1975. 

32. 	 "The Optimization of System Parameters for Minimum Cost Regional 
and National Satellite Systems, " A. Dickinson, Aeronautics"and 
Astronautics (no date). 
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33. "Methodology for Reliability - Cost-Risk Analysis of Satellite 
Networks, " J. S. Greenberg and G. A. Hazelrigg, Jr., J. Spacecraft, 
Vol. I, No. 9, September 19-74. 

34. 	 "An Evaluation of Television Broadcast Satellite Systems, 
R. W. 	 Hasselbacher, J. Spacecraft, October 1969. 

35. 	 "Optimization in the Design of 12 GHz Low-Cost Ground Receiving 
System for Broadcast Satellites, " C. C. Han, J. Albernaz, 
K. Ohkubo, J. M. Janky, B. B. Luisgnan, Paper - No date. 

36. 	 "Availability, Maintenance and Cost of Communication Satellite 
Systems, " G. P. Cantarella, Paper- no date. 

37. 	 Econ, Final Report, "Preliminary Benefit Analysis of Biological 
Space Processing, " 1 September, 1976. 

38. 	 "The Postal Service: Myth and Nostalgia Collide with Economic 
Reality, " C. W. Borklund, Government Executive, September 1976. 

39. 	 "Cost Benefit Analysis of Space Communications Technology, " Final 
Report, Vol. II, L. D. Holland, P. G. Sassone, J. J. Gallagher, 
et al., Georgia Institute of Technology, #NASA CR-±3506±, 
August 1976. 

40. 	 "Technology Forecasting for Space Communication, " Task One 
Report: Cost and Weight Tradeoff Studies for EOS and TDRS, Hughes 
Aircraft Co. (NASA-CR-144731), Report #N76-i6129, November 
1974. 

41. 	 "Cost-Benefit Analysis of Space Technology, " G. F. Hein, Steven M. 
Stevenson and Joseph N. Sivo, Technical Memo #TM-X-3453, 
Lewis Research Center, November 1976. 

4Z. 	 "Determination of Costs for Terrestrial and Terrestrial/Satellite 
Networks - Task BD, " EMSS Technical Report EMS003, August 
1977, RCA. 

43. 	 "Principles of Cost-Benefit Analysis for ERTS Experiments, " 
Vol. I, Appendices, Mathematica, Inc., 31 August 1973. 

44. 	 "Principles of Cost-Benefit Analysis for ERTS Experiments, " 
Vol. I, Mathematica, Inc., 3 August 1973. 

45. 	 "Economic Viability of the Proposed United States Communications 
Satellite Systems, " D. S. Allan, et al., Stanford Research Institute 
Report PB-207 398, October 1971. 
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46. "Optimization in the Design of a 12-GXz Low-Cost Ground'Receiving 
System for Broadcast Satellites, " Vol. I - System Design, Per­
formance, and Cost Analysis, K. Ohkubo, C. C. Han, J. Albernaz, 
et al., NASA CR-121i84, October 15, 1972. 

47. 	 "Teleconferencing: Cost Optimization of Satellite and Ground Systems 
for Continuing Professional Education and Medical Services, " Stanford 
Electronics Laboratories, Report NASA-CR-133359, N72-29100. 

48. 	 "Cost Benefit Analysis of Space Communications Technology, " Vol. I, 
Executive Summary, NASA CR-135060. L. D. Holland, P. G. 
Sassone, et al., Georgia Institute of Technology, #N-76-3308Z, 
August 1976. 

49. 	 "Low Cost Ku-Band Earth Terminals for Voice/Data/Facsimile," 
Robert L. Kelley, Fairchild Space and Electronics Company, 
Germantown, Maryland. 

50. 	 "Communication Satellite Services for Special Purpose Users," 
David L. Wright, NASA Lewis Research Center, and John D. Kiesling, 
Fairchild Space & Electronics Company. 

51. 	 "A Technique for Modeling Communications Satellites, " J. D. Kiesling, 
B. R. Elbert, W. B. Garner, and W. L. Morgan, Comsat Technical 
Review, Vol. 2, No. i, Spring 1972. 

52. 	 "Optimized Designs for Fiber-Optic Cable Television Systems, 
F. R. McDevitt, N. Hamilton-Piercy, and D. F. Hemmings, 
IEEE Transaction on Cable Television, Vol. CA TV-2, No. 4, 
October 1977. 

53. 	 "Packet Switching for Fast and Secure Data, " C. E. White, 
Telecommunications, January 1978. 

54. 	 Cost Information from Ford Aerospace & Communications Corpora­
tion's Proposal WDL-TP8!80. 

55. 	 "Optical Fiber Communications, " MSN, February/March 1976. 

56. 	 "Economics of Communications Satellites - 1976, " Louis B. Early, 
COMSAT Lab. 

57. 	 "Intercity Services Handbook, " American Telephone and Telegraph 
Company, Long Lines Marketing Department, October 975. 

58. 	 "Data and Intercity Services Handbook, " Pacific Telephone, 
Marketing Department, April 1977. 
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59. 	 "Optimized Designs for Fiber-Optic Cable Television Systems," 
F. R. McDevitt, N. Hamilton-Piercy, D. F. Hemmings, IEEE 
Transactions on Cable Television, Vol. CATV-2, No. 4, October 
1977. 

C. 2 	 GENERAL COMMUNICATIONS BACKGROUND 

I. 	 AT&T application to the Federal Communications Commission for
 
authorization to construct and operate a domestic communications
 
satellite system in the continental United States, March 3, 1971.
 

Z. 	 Applications, similar to the one above, by COMSAT, MCI-Lockheed,
 
RCA, Hughes, and General Telephone and Electronics.
 

3. 	 COMSAT application to the Federal Communications Commission
 
for authorization to construct and operate a communications satellite
 
system (FLTSATCOM) to provide communications services to the
 
U.S. Navy and other users, March 5, 1973. 

4. 	 Survey of Domestic Satellite Communications Markets, Booz, Allen, 
Hamilton, Inc., February 1971, prepared for MCI-Lockheed Satellite 
Corporation. 

5. 	 Preliminary Design Report of a Brazilian Communications Satellite, 
Space Division, General Electric Company, 15 December 1972. 

6. 	 "Parametric Representation of Ground Antennas for Communication 
Systems Studies, " D. L. Pope, The Bell System Technical Journal, 
December ±968. 

7. 	 "Small Earth Terminals for Satellite Communications, " Burton L. 
Edelson, COMSAT Laboratories, Communications Satellites Corpora­
tion, Astronautics and Aeronautics, June ±973. 

8. 	 "Ground-Based Antennas for Satellite Communications, " Allan C. Schell, 
Air Force Cambridge Research Laboratories, Bedford, Mass., 
AIAA Communications Satellite Systems Conference, Preprint 66-324, 
Washington, D.C., May 2-4, 1966. 

9. 	 Conical Scan Impact Study, Volume Z, Small Local User Data Pro­
cessing Facility, Donald H. Ebert, P. E. Chase, Jack Dye, W. C. 
Fabling, and R. H. Johnson, Bendix Aerospace Systems Division, 
Ann Arbor, Mich., September 1973. Final Technical Report for 
period June through August 1973, prepared for Goddard Space Flight 
Center, Greenbelt, MD. 
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t0. 	 "AT&T Network Improvements, "1Telecommunications, May 1974. 

if. 	 "IDDS (International Digital Data Service) - System Concepts Improve 
Performance and Reliability, " Larry Cohen, Director, Private Line 
Systems, Western Union International Inc., New York, NY, 
Telecommunications, May 1974. 

1Z. 	 "A Technique for Modeling Communications Satellites, " J. D. Kiesling, 
B. R. Elbert, W. B. Garner, and W. L. Morgan, Comsat Technical 
Review, Volume Z, Number i, Spring 1972. 

13. 	 "Trends in Technology for Communications Satellites," Wilbur L. 
Pritchard and Pier L. Bargellini, COMSAT Corp., Astronautics 
and Aeronautics, April 1972. 

14. 	 "Demand-Assigned Service for the Intelsat Global Network, " J. G. 
Puente and A. M. Werth, COMSAT Laboratories, IEEE Spectrum, 
January 1971. 

is. 	 "Intelsat V System Concepts and Technology, " E. Podraczky and 
J. D. Kiesling, COMSAT Laboratories, Clarksburg, MD, AIAA 
Paper No. 72-536, AIAA 4th Communications Satellite Systems 
Conference, Washington, D.C., April 24-26, 197Z. 

16. 	 Final Report, Information Transfer Satellite Concept Study, NASA 
CR-i14313, General Dynamics, Convair Aerospace Division, 
Report No. GDG-DCF70-003, 15 May 1971. (On hand: Vol. III 
Appendices.) 
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30. 	 "Study of Communication Links for the Biomedical Communications 
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C-8
 



35. "Telecommunications Developments in the United Kingdom and their 
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38. 	 "The AMSAT-OSCAR-B Series of Radio Amateur Satellites," 
Perry I. Klein and Tan A. King, Radio Amateur Satellite Corp., 
AIAA Paper No. 72-521, April 24-26, 1972. 

39. 	 "New Race for Space, " Forbes, September 1, 1976. (Pages 28-32) 

40. 	 "Developmental Trends in Communications Satellite Earth Stations, 
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42. 	 "The Satellite System as an Integrated Telecommunications Switching 
Center, " N. H. Edstron and R. Backstrom, IEEE Transactions on 
Communications, April 1973, pages 317-3ZI. 
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Andrew M. Werth and Dr. Tadahiro Sekimoto, AAS Paper No. 73-121, 
19-Z1 June 1973, Dallas, Texas. 
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78. 	 "Global Satellite Communications, " B. I. Edelson, Paper, no number, 
no date.
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7. 	 "A Frequency Study for Public Service Users of Satellite Telecommuni­
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in Appalachia, Report prepared by The Center for Development
 
Technology, Washington University, St. Louis, Missouri, for
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9. 	 "The Evaluation Design: Summer Courses, 1974, " Dr. W. J. Bramble, 
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14. 	 "Summative Evaluation of Career Education in the Secondary School 
Course - Fall, 1974, " Diane Maynard, Rodger Marion, W. J. Bramble, 
Technical Report No. 11, September 1975. 
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18. 	 "Health Care in Alaska Via Satellite, " Martha Richardson Wilson, 
M. D. 	 and Charles Brady, AIAA Paper No. 75-898, July 21-Z3, 1975. 
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cation Application, " R. W. Hesselbacher and G. E. Huffman, AIAA 
Paper #75-915, 21-23 July 1975. 
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