ED 094 721
AUTHOR
TITLE

INSTITUTION

SPONS AGENCY
PUB DATE
NOTE

EDRS PRICE
DESCRIPTORS

IDENTIPIERS

ABSTRACT

DOCUMENT RESUME

. ‘ IR 000 917

Kreimer, Osvaldo; And Others

Health Care and Satellite Radio Communication in
Village Alaska. Final Report of the ATS-1 Biomedical
Satellite: Experiment Evaluation.

Lister Hill National Center for Biomedical
Communications, Bethesda, Md.; Stanford Univ., Calif.
Inst. for Communication Research.

National Library of Medicine (DHEW), Bethesda, Md.
Jun 74

429p.

MF-$0.75 HC-$21.00 PLUS POSTAGE

*Comnunication Satellites; Equipment Evaluation;
Health Conditions; Health Education; Health
Facilities; Health Needs; Health Programs; *Health
Services; Medical Evaluation; Medical Services;
*Program Evaluation; *Radio; Telecommunication
*Alaska; ATS 1; Health Aides

The executive summary is the first section of this

final report of the evaluation of the ATS~1 medical communication
system in Alaska. The second section introduces the background of
these studies and the sociogeographic setting and health situation of
the dAlaska natives. The third section presents the main research
findings about both the aides-to-doctor and doctor-to-doctor
exchanges, about use of the system for medical education, and about
its social impact on Bush Alaska. A fourth section is devoted to a
cost analysis of alternative systems and recompendations. The
attachments (charts, tables, data gathering instruments, etc.).
comprise a fifth section. (WCHN)




HEALTH CARE_AND SATELLITE RADIO COMMUNIGATION

IN VILLAGE ALASKA

Final Report of the ATS-1 Biomedical Satellite

Experiment Evaluation

a report of the ‘
INSTITUTE FOR COMMUNICATION RESEARCH
STANFORD UNIVERSITY




US DEPARTMENTOF HEALTN,
EDUCATION 8 WELFARE
NATIONAL INSTITUTE OF

ECUCATION
Ty DOCLALANT WAL LEEN REPRO
DLCED ExACILY &b RECL!VED FROM
Tht $'F RSON OK CRGANIZATION CRIGIN

ED 094771

Lty ot PAINTE O viEW OR OPINIONS

STATEQ DO NCT AFCESSARILY REPRE

LERTOFEIC AL NATIONAL INSTITUTE OF

EDUCAT ON HOS THON CR POLICY \

HEALTH CARE AND SATELLITE RADIO COMMUNICATION

IN VILLAGE ALASKA

Final Report of the ATS-1 Biomedical Satellite

Experiment Evaluation

By Osvaldo Kreimer with the collaboration .of
Heather Hudson and Dennis Foote, and including

a Course Evaluation by Virginia Hunn Fowkes
and an Evaluation of Future Communication Systems

by Bruce Lusignan and Michael Sites

Research supported by Research Contract NO1-LM~1-4718 between
Stanford University and the National Library of Medicine
Principal Investigators:

William Fowkes, M,D.
Bruce Lusignan, Ph.D.
Edwin Parker, Ph.D.

June 1974

INSTITUTE FOR COMMUNICATION RESEARCH - STANFORD UNIVERSITY
and
THE LISTER HILL NATIONAL CENTER FOR BIOMEDICAL COMMUNICATION

ERIC

IToxt Provided by ERI



ALASKA LOCATIONS WITH ATS-1 GROUND STATIONS

&

BERING SEA

oPE

ARCTIC

BETHEL
PHSU
27

KANAKANAK

OCEAN

PACIFIC OCEAN

b b et b b
NNpBEENeRiWNRooONORBWNT

L Ll
"‘\MT. EDGECUMBE

Allakaket
Anaktuvuk Pass
Anchorage
Arctic Village
Barrow

Beaver

Bethel
Chalkyitsik
Eagle
Fairbanks
Fort Yukon
Galena

Hughes

Huslia

Juneau

Kodiak

Kot zebue
Koyukuk

Nome

Nulato

Ruby

St., Paul
Stevens Village
Tanana

Venetie

N, PHSU
15

o [-)
"?u }omcr"

AncHorage PHSU o 9°
(-

PHSU =

Public Health Service Unit




TABLE OF CONTENTS

ACKNOWLEDGKMENTS
EXECUTIVE SUMMARY
CHAPTER I. GENERAL INFORMATION

I.A. Background
1.8. Organization of this Report

CHAPTER II. SOCIAL GEOGRAPHY

I1.A. Village Alaska
I1.B. Communications

CHAPTER IT1. HEALTH SITUATION IN ALASKA

III.A. General Situation

II1.B. Hospitalization Trends

ITI.C. Vital Statistics

TI1.D. High Priority Health Problems

ITI.D. Organization of the Health Delivery System

to Native Alaskans

CHAPTER IV. BACKGROUND AND PURPOSE OF THE ATS-1
SATELLITE EXPERIMENTS

IV.A. Background
IV.B. The Operations and their Evaluations

CHAPTER V. TECHNICAL EVALUATION OF SATELLITE SYSTEM
PERFORMANCE

V.A. Background: The ATS-1 Fxperiment-~Communicat{ion
Before and After Satellite Radio Installation

B. Methodology

.C. Techniques

D. Analysis of the Results

E Influence of the Location of the Radio Trans-

ceiver

V.F. Comparison with Villages Where Satellites Were

Installed in 1973 ("New Satellite Villages')
V.G. One Typical Year of "Doctor Call"

CHAPTER VI. EVALUATION OF REMOTE HEALTH AIDE-TO-DOCTOR
CONSULTATION VIA SATELLITE

VI.A. Health Aide-to-Doctor Communication
VI.B. The Health Aides

VI.C. Effects on Hospitalization Rates
Vi.D. Conclusions

Page

15

15
17

18

18
24

29

29
30
32
33

35

39

39
40

42

42
43
44
45

46
47
48
52
52
71

76
86



TABLE OF CONTENTS, Continued

CHAPTER VII. EVALUATION OF HEALTH AIDE EDUCATION

VII.A.

VII.B.
VII.C.

VIA SATELLITE

Background
Methodology
Results

CHAPTER VIII. EVALUATION OF DOCTOR-TO-DOCTOR

CONSULTATION BY SATELLITE

VIII.A. The St. Paul-Anchorage Link
VIII.B, Methodology of Analysis
VIII.C. Analysis of the Results
VIII.D. Discussion of the Results

CHAPTER IX.

le A.
IX.B.
IX.C.

CHAPTER X.

X.A.
X-B-

xlCI

CHAPTER XI.

XI.A.
XI.B.
X1.C.
XI.D.

XI.E.

Xi.F.
XI.G.

EVALUATION OF NURSE EDUCATION VIA SATELLITE
(by Virginia Hunn Fowkes)

Needs and Description of the Course
Evaluation of the Course
Conclusions and Recommendations

ASSESSMENT OF SOCIOLOGICAL IMPACT OF
RELTABLE TELECOMMUNICATIONS FOR BUSH ALASKA

Communication Between Hospitalized Patient

and Family at the Village

Increased Control by the Natives over Communi-
cation

Reassurance of the Health Aide and the
Patients

EVALUATING FUTURE COMMUNICATIONS SYSTEMS
(by Dr. Bruce Lusignan and Dr. Michael Sites)

Selection of Satellite Link

Selection of Station Configuration

Simplicity and Performance Test of the Station
Provisions for More Generalized Telephone
Service

Compatibility with Other Satellite Options

and Costs of Modification

Assessment of the Present Plans of RCA Alascom
Conclusions

i1

88
88

88
89

91
91
94
94
106
109
109

115
118

120

120
121

121 -

124

124
125
126

127
127

129
131



TABLE OF CONTENTS, Continued

CHAPTER X11. RECOMMENDATIONS FOR ACTION AND

FUTURE RESEARCH

XII.A. Communication Services

XI1.B. Learning Through Telecommunication

XII.C. Community Participation

XII.D. Mental Health

XI1.E. Doctor-to-Doctor Consultation

XII.F. Recommendations for Future Research

XIT.G. Native Control in Decision-Making

XIT.H. Considerations for Planning an Expanded
Two-Way Communication System

ATTACHMENTS

1I.1
I1.2
I11.1

I11.2
I11I1.3
I11.4

1v.1

— g <
r—-0

VI.
V1.2
VI.3
VI.4
VI.5
VI.6
VI.7
VI.8
VI.9
VIII.1
VITI.2
VIil.3
IX.1
1X.2
IX.3
1X.4
IX.5

Telephone in the Villages

Television in the Villages

Comparison of Vital and Health Statistics of
Alaska Natives with U. S.

Ten Leading Notifiable Diseases

Ten Leading Causes of Hospitalization
Hospitalization Rate for Native Alaskans Compared
With the U. S. Population ‘

List of Villages where Satellite Radio Ground
Statlons were Installed as a Result of the ATS-1
Biomedical Communication Project

Facsimile of Minitrack Radiolog

Aide~to-Doctor Contacts via ATS-1

Examples of Emergency Evacuation Cases

Example of Log Kept by the Doctors at Tanana Hospital
Codes for Description of Consultation
Demographic Data of the Villages Considered
Hospitalization rates for ANMC

Hospitalization rates for Tanana Hospital
Hospitalization rates for Both Hospitals

Codes of Diseases

Sample '"Doctor Call" Transcript

St. Paul Doctor's Questionnaire

Consultants' Questionnaire

List of Diagnoses of the Consulted Cases
Description of the Course

CCU Course Objectives

CCU Course Schedule

CCU Test and Standards

Tabulation of Student Responses

114

Page

132

132
133
135
136
137
138
139

139

A-3
A=4

A-6
A-7
A-8

A-11
A-13
A-14
A-16
A-21
A-22
A-23
A-26
A-27
A-28
A-29
A-31
A-37
A-41
A-45
A-47
A-49
A-50
A-51
A-53



TABLE OF CONTENTS, Continued

ATTACHMENTS, Continued

XI.7
XI1.8

XI.9

XI.10

Comparison of Anik and Intelsat Satellites

The Satellite System Design Program: A

Method of Satellite Communications System
Optimization

Alaska Public Health Service Units Community Profile
Parameters and Costs of the Least-Cost Satellite
System Configuration

The Point Reyes Station Tests

Specifications for a Small Satellite Communications
Earth Station

Central Manual Telephone Exchange

Alaskan Indian Health Service Satellite Communica-
tion Station

Alaska's Communications Needs and Potential Solu-
tions Utilizing Satellites

Review of RCA Small Station Request for Proposal

2

iv

vPage

A-59
A-66
A-123

A-154
A-168

A-221
A-244

A-247

A-253
A-265



ACKNOWLEDGEMENTS

Results of many efforts have been synthesized in this report.
Previous analyses are mentioned in the references. Data presented in
them have been used, and in some cases re-analyzed, for this report.

The work of the principal investigators, Dr. William Fowkes and
Professors Bruce Lusignan and Edwin B. Parker, has been central to this
study, both in the organization of the evaluation and in the analysis
and discussion of the findings. Dr. Heather Hudson, Dr. Michael Sites,
and Dennis Foote have also played principal roles, the latter especially
in the preparation of the data collection forms and their codification.
Previous work by them and by Dr. Maureen Sass, Marc Porat, Carl
Mitchell, Angel Velasquez, Simon Chu, and Dr. Brian Beattie made
possible some of the findings and descriptions presented here.

Dr. Glenn Stanley and his team at the Geophysical Institute,
University of Alaska, College, ga?e support facilities and personal help
in conducting the field research. Theodore Vieira, Director of the
Office of Systems Development at the Alaska Area Native Health Service
(AANHS) provided access to a great deal of data. The doctors at the
facilities in Tanana, Anchorage, ;nd the Pribilof Islands gave
generously of their time and knowledge.

Valuable comments were reéeived from different people at Alaska,

Stanford, and Washington, D. C., and this final version has been highly

enriched by their suggestions.



And thanks should be given to the medical personne! in Alaska, the
real actors in these experiences, frem the village health aides to the
AANHS authorities who understood that the extra effort required for the
evaluation could benefit the system and its users.

Carol Vartanian, Margaret Willis, and Virginia Currey provided the
secretarial help that transformed all those inputs into a communicable

form.



EXECUTIVE SUMMARY

This executive summary is the first section of the final report of
the evaluation of the ATS-1 medical communication system in Alaska
performed by a Stanford University team. The second section (Chapters I
to Lil) introduces the background of these studies and the
socliogeographic setting and health situation of the Alaska natives. ‘he
third section (Chapters IV to X) presents the main research findings
about both the aides-to-doctor and doctor-to-doctor exchanges, about
use of the system for medical education, and about its social impact on
ijush Alaska. A fourth secticn {(Chapter XI to XII) is devoted to a cost
analysis of alternative systems and recommendations. The attachments
(charts, tables, data gathering instruments, etc.) comprise a fifth
section.

Social Geography (See Chapter 11):

Alaska has 16 percent of the total area of the U. S. but only 0.15
percent of the population. Of the total population (about 300,000) 20
percent (about 60,000) are natives (Eskimo, Indian, or Aleut). Their
socioeconomic development has been strongly influcnced by their physical
environment: the severe cold, the frozen subsoil (permafrost), and
the light cycle of summer midnight sun and winter darkness. (Ch.
[I1.A.1) The natural food resources have been reduced by ecological
changes, and most food supply is imported. (Ch. II.A.1) The cost of
living and doing business is higher in Alaska than in 'the lower 48."
(Ch. 1I.A.2)

Alaska may be considered as two distinct entities: the urbanized
areas (Anchorage, Fairbanks, Juneau and connecting lands) which are
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predominately white, and the rest of the territory, Bush Alaska, which
is predominantly native. A century ago the native population wax
several times larger than it is today. (Ch. iI1.A.2)

The passage from a well-knit social organization with economic
self-sufficiency and strong religious and cultural bonds, to a dependent
ecdnomy, supported mainly by outside resources (military, welfare,
education and health care funds) has caused an imbalance which is
reflected in the sanitation and health conditions. The influx of
machinery and people caused by the discovery of gas, oil, and minerals
has increased that imbalance. >Now the Land Claims settlement has
provided a financial base to native people. Increases in personal
income, immigrant population, and state government revenues are also
expected from the exploitation of gas andzbil.

Migration to the cities and disruption of the life in the villages
has been the main consequence of the imbalance of the cultural exchange.
New trends are appearing, both in the decrease in the rate of migration
away from the villages and in the increase in the participation of the
natives in their own government (Local and Regional Councils and
Regional Corporations).

Transportation: Modern ground transportation is minimal.

Except for a few villages, access is possible only by air, or
seasonally by boat or snowmobile. (Ch. II.B.1l)

Communication: 102 of the 180 native villages (popu-

lation 25 to 1000) have no reliable telephone service; most of these

rely on high frequency two-way radio. Two-thirds of all villages have

no access to television, either live or taped. (Ch. II.B.2)
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Health Situation in Village Alaska (See Chapter III): 1In the

early 1950's Alaska natives were the victims of sickness, crippling
conditions, and premature deaths at a rate far in excess of the resf of
North America. The main problems were tuberculosis, maternal and child
health, mental health, environmental and dental health. An inadequate
health care system existed. By 1972 tuberculosis was under reasonable
control and deaths from infectious diseases and infant mortality were
reduced to near the average U. S. level. On the other hand, new
problems have ariéen, related to soclobehavioral circuamstances:
increased rates of death from alcoholism, suicides and homicides, and
the growing importance of the numbef of admissions to hospitals caused
by accidents, psychological disorders and abortions. Since the 1950's
there has been a dramatic reduction in infectious diseases, but this
improvement has been in part erased by an increase in socioenvironmental
related problems and mental health diseases. (Ch. III.A)

Hospitalization trends: Between 1960 and 1972 there was

an increase in the number of outpatient visits by natives but a stable
rate for inpatilents. The sharp reduction achieved in the average length
of stay 1s considered an important advance. Main causes of
hospitalizations were accidents, delivery, otitis media, and
psychological disorders. (Ch. III.B)

Vital trends: Both birth and death rates have decreased in

the past ten years. The birth rate of 3.2 percent in 1971 was 1.8 times
the U. S. rate. Accildents are the leading cause of death among Alaska
natives. Life eipectancy at birth for the Alaska native born during

1959-1961 was 60.4 years, compared to the U. S. average of 69.7 years.
(Ch. III.C)
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High priority health problems: It is harder to confront these

new problems than the strictly "medical' diseases. Mental disorders,
alcoholism, drug use, homicides and suicides, venereal diseases, and
otitis media are considered priorities by the AANHS, as well as
enJTronmental problems such as inadequate water supply, sanitation, and

housing. (Ch. III.D)

Delivery System Organization: Multiple agencies and

services plus the private sector provide health care. The Alaska Area
Native Health Service (AANHS) which is part of the Indian Health Service
is the main health care provider. 1t is supplemented or overlapped by:
Medicare, Medicaid, the Alaska State Department of Health, the Office of
Economic Opportunity, and the local autonomous health bodies at the
borough level. Coordination problems are reported. (Ch. IIT.E) Native
organizations are increasing their direct participation in the
organization of the health care. The Alaska health delivery system may
be compared with the system used by the Canadian Government, in which
most remote native communities in the Canadian North are provided with a
resident nurse and a nursing station which consists of a clinic, a few
beds, and living quarters. Dr. Sixten S. R, Haraldson of the World
Health Organization notes that Alaska spends about $700 on health care
per Lskimo per year to cover all health costs, whereas Canada ;pends
9740 to cover 60 percent of costs. 'Canada seems to be spending more
and getting less.” He feels that using trained native health aides is
the cheapest way to raise the standard of service in remote areas.
(Haraldson, 1973b) Other health care professionals point out that the

Alaska system is fragmented while the Canadian one is unified and better

planned.
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The ATIS-1 Experiment-~-Background and Purposes (See Chapter 1V):

During the summer of 1971, ground stations vere installed at 26
communities in Alaska for twoway audio communication via the MNASA
ATS-1 experimental satellite. Nine of these stations were located in
villages in the Tanana Service Unit which are served by native health
aides. Other ground stations in the Unit were installed at the Tanana
hospital and Fort Yukon where there is a nurse. Ground stations were
also located at the Alaska Native Medical Center (ANMC) in Anchorage
and in 13 other communities, most of which had doctors. The Alaska
contrcl station (Minitrack) is at the University of Alaska in College,
near Fairbanks. (Ch. IV.A)

The primary use of the ATS-1 network has been for a daily doctor
call between the doctor at Tanana and the remote health aides in the
Tanana Service Unit. 1In 1973, six ground stations were moved from other
sites where they had received little use to other villages in the Tanana
Service Unit. (See Attachment IV.1)

Technical Evaluation of Satellite System Performance (See Chapter V):

Medical communication: Statistics were gathered for

the year before and the two years after satellite use began both for the
villages where satellite radio was installed and for a control group of
villages with HF radio communication only. (Ch. V.A) 1In the "satellite
villages" there was an increase of about 500 percent in the number of
contacts completed and 400 percent in the number of health
aide~to-doctor consultations about patients, Both figures are
statistically significant. (Ch. V.D; Ch. VI.A)

One Typical Year of Doctor Call~-1973 (See Chapter V):

The central figures for the system performance for 1973, a

’
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vear in which the satellite system was already a fact of life
rfor the doctors and par: icipating villages are as follows:

fontacts _compicted: A Joctor at Tanana attempted to contact

the health aide at each village every day. For the average
village, contact was made on 86 percent of the days. {(Ch. V.G.2.a.)

The quality of the slgnal: For signal strength,

University of Alaska monitors rated 84 percent of the 3,225 trans-
nissions analyzed in the top category on a five-point scale. 14 percent
were placed in the second highest category. For intelligibility, 62

percent were rated in the top category and 33 percent in the secvond con o

ff‘.’&--point SCale. (Cht V.G.Z.d)

Health Aide-to-Doctor Content (See Chapter VI.A):

The analysis of the exchanges during a full typical year of operation
(1973) shows the following results.

Positive traffic:

In 67 percent of the possible contacts there were patient consultations
and/or administrative matters to exchange. Thus in about two out of
three days the average health aide had medical content to discuss. (Ch.

V.G.2.b)

Patient-consultations: Sampling one health aide's

records suggests that radio consultation is sought in two- thirds of the
cases seen by the health aide. In 1973 the health aides in the 13
villages made about 3,000 radio consultations, which amounts to 2.0
radio consultations per person annually, or around 10.6 radio
consultations per average family. (Ch. V.A.2.b) Winter and surmer
months have a higher number of patient consultations than spring and

fall months. {Ch. VI.A.2.c¢)



Administrative matters: Each village discusses an average of

281 items per year (supplies, drug questions, inquiries about trans~
portation and whereabouts of traveling medical personnel). (Ch. VI.A.2.d)

Time elapsed: The average village contact takes 4.3 minutes,

an average of about nine minutes per person annually. 72 percent of the
time was used for patient consultations and 27 percent for
administrative matters. The average patient consultation requires three
minutes and each administrative matter, one minute. Weekend contacts
take about half of the time of the weekday ones. (Ch. VI.A.2.e)

The patients: Radio encounters refer to native

patients of all ages. 22 percent of the cases concern children less
than four years old, reflecting the high infant morbidity. (Ch. VI.A.4.c)

The diagnoses: The most frequent diagnoses were respiratory

diseases, ill-defined symptoms, skin difficulties, ear problems and
accidents. (Ch. VI.A.4.d) Only one-half of one percent were considered
by the doctor to be very severe and complex. Two-thirds of them were
considered in the middle category of 'evaluation of a minor symp-
tomatic problem with some risk of complication." Conditions involving
‘the ear, circulatory system, accidents and genitourinary were rated as
more severe than other conditions. (Ch. VI.A.4.e)

Management plan: 1In half of the cases the doctor believed

that the health aide had planned, or could have planned correctly

using his or her own judgment. Of the remaining cases, 20 percent
required minor changes and 30 percent major changes. The best
performance in this respect among the health aides was very close tc the

average rate obtained by the two registered nurses over the same system.

(Ch. VI.A.4.f)
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Predicted effects on the outcome: Definite and marked

effects of the radio censultation on the outcome were predicted for more
than 75 percent of each of the four highest categories of severity.

(Ch. Vi.A.4.8) These data require external validation due to the
subjective factors involved. For internal reliability, see Chapter

VI!A‘élb‘

Travel authorizations: No clear relation between improved

communication and "number of travel authorizations' was

established, (Ch. VI.A.S)

Emergency calls: This feature of the system has shown its

value and reliability where immediate communication was necessary either
for urgent advice or a travel request. During 1973 there were 45
emergency calls, some involving more than one patient. (Ch. VI,A.3)

The Health Aides (See Chapter VI.B):

A typical health aide equipped with a satellite radio makes 309
contacts per year, including 250 patient consultations and 281
‘administrative matters. {(Ch. VI.B.2) In an average month, with normally
20 patient radio consultations, fourteen refer to acute problems, four
to acute follow-ups, and two to chronic management. Meanwhile the
health aides at the non-satellite villages in the region consult by HF
radio on less than two cases in an average month.

In three out of four cases, one radio consultation was enough to
handle the case. 1In the other fourth, follow-up discussions were
required. Otitis media, respiratory and dermatological problems were
the conditions in which the health aide relied more on the doctor-
consultation. On the other hand, with gastro-intestinal problems for

instance, management was accomplished more independently. They also



-11-

consulted more often about therapies involving antimicrobials,
antibiotics and sedatives than\ikout analgesics, antihistamines, and
topicals,

The response of the health aides at the satellite villages, in
contrast to those at villages supplied with HF radio, show that in the
former theré was no difficulty at any time understanding the
instructions, and that it was more frequently possible to consult with
the doctor before beginning treatment. Frequent communication with
the doctor seemed to increase the health aides' ability to persuade
the patients to follow thelr advice.

Health Aide Education via Satellite (See Chapter VII):

The opportunity offered by the satellite to listen to exchanges
between other health aides and the doctor appears to be very important
both for morale and for continued learning. The learning results
suggest that the health aides with the chance to listen to medical
traffic daily had a higher learning than aides in non-satéllite villages
for the first few months, but quickly reached a plateau after which
incremental learning was slight. (Ch. VII.C)

Effects on Hospitalization Rates (See Chapter VI.C):

The trend before and after satellite radio installation shows no sig-
nificant change, and shows stability in the number of patients admitted to
the IHS hospitals from satellite villages. (Ch, VI.(.3) However, while
the figures for the satellite villages remain stable, the numbcer of pa-
tients hospitalized in native facilities from the non-satellite groups of
villages dropped 42 percent from FY 1972 to FY 1973. An hypothesis is
suggested: many patients in non-satellite villages could have switched

to Medicare-Medicaid supported private services, an option introduced to
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the natives in 1972. It may be that improved telecommunication has
resulted in higher acceptability of the PUS system and preference for
it, when the choice of private services 1s available on an uquuj~vos|
(or no-cost) basis. Some alternative causal hypotheses were discarded.

The data for effects on the average length of stay at tﬂe hospitai
show overall superior trends for the satellite v;llages at each hos~
pital. In the Tanana Hospital, where the less complex cases are
treated, the average length of stay has increased in the four-year
period between 1970 and 1973 (pre- and post-satellite). However, the
increase was smaller for patients from satellite villages. At the ANMC,
where the more complex cases are treated, the average length of stay has
been reduced. Here the reduction was bigger for patients from satellite
villages. In both cases the average length of stay is lower for
satellite villages than for non-satellite ones.

Conclusions (See Chapter V1.D):

Additional data and analyses now make us conclude that health care
in general has improved as a result of satellite radio communication.
Indicators of improvement in professionaiism and supervision, efficacy
in emergency cases, inferred effect on outcomes, consumer acceptance,
and adherence to the system have been shown through the analyses.

Doctor-to-Doctor Consultation (See Chapter IX):

bata about satellite radio consultation between the remote doctor at
the Pribilof Islands and his specialist colleagues at the Anchorage
.Native Medical Center show that:

-The communication link was used on two-thirds of the

days in the period under analysis. (Ch. VIII.C.1l)
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-In an average month there were six patient consultations
and about fifty administrative exchanges, using an average of eight
minutes per day of satellite time. (Ch. VIII.C.1)

~The average time elapsed in a patient consultation was six
minutes, and threé minutes for each administrative matter.
(Ch. VIII.C.1)

~-The annual rate of consultation is about 130 per thou-
sand population.

-Transfer of the patient and/or change of treatment
were the typical results of the consultation. (Ch. VIII.C.5)

~-In the remote doctor's opinion, in most cases neither facsimile,
ECG, nor audio-visual transmission would have materially improved the
consultation. In 20 percent of the instances, howevef, the consultant
considered the latter feature would have been valuable. (Ch. VIII.C.5)

~Most of the consultations referred to moderately severe prob-
lems. They were considered necessary but not pressing enough to
make a delay of a few days to one week ih the consultation result
in predicted significant deterioration. (Ch. VIII.C.2)

Evaluation of Nurse Education (See Chapter IX):

A three-month course for nurses on coronary care was held once per
week over ATS-1l. The results were compared with results of classroom
courses with similar goals, curriculum, and type of students taught at
the Bellevue Community College in Washington. Difference scores for
well standardized pre- and post-tests show that the satellite group at
Aluska performed similarly to the classroom groups from Bellevue on both
pre- and post-tests. An approximate 20 percent rate of improvement is

noted. The students found the course content and material valuable, but
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rmost indicated that there were some difficulties with the radio

transmigssion. These difficulties did not affect performance on tests «f

knowledge of the subject matter. The nurses indicated interest In

additional courses.

Social Impact of Reliable Communication for Bush Alaska (See Chapter i:
Several social effects have been detected:

Family-patient contact: The satellite enables families in the

villages to get news about friends and relatives at the hospital.
Previously, getting news was often very difficult. (Ch. X.A)

Access: It was found to be important to have the radio
transceiver located in the health aide's home. This decreases the
physical and sociopsychological barriers to reaching the transceiver,
increasing the number of contacts. Increased self-confidence was
expressed by the health aides using improved telecommunications. It was
also noted that patients felt reassured knowing that their treatment
was checked with doctors.

Evaluating Future Communication Systems (See Chapter XI):

Future systems to provide health communications services to
Alaskan villages were assessed. A computer optimization program
identified a small station configuration (10-foot diameter antenna) ac
Jeast costly for Alaskan rural voice communications. ~As the health
delivery system will need only part of the capacity, that cost can be
shared with other agencies and with paid telephone services. An

analysis of RCA's plans for Alaska telecommunications is included.

Recommendations (See Chapter XII):

Several recommendations are made for improving health care

organization and delivery, and for further research.
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CHAPTER I

GENERAL INTRODUCTION

I.A. BACKGROUND

The native villages in Alaska have their primary health care
delivered by health aides who are fellow villagers, backed by Public
Health Service physicians at the regional hospitals. These remote
communities, in most cases without any ground transportation, must
rely upon telecommunication for medical support (consultations,
emergencies, ordering supplies, and patient transfer requests). Most
reiy on high frequency two-way radios. However, auroral interference in
the short wave bands makes HF communication unreliable.

As we will see later, life in the Alaskan villages has been subject
to severe strains in recent years. To the known ecological challenges
of the Arctic life, a cultural upheaval has been added. After WOgld War
IT renewed interest in Alaska poured new people, goods, and institutions
from the lower 48 states into the terrigbry. With them the villages
received new or imprerd services, especially in education and health
care. This general change, added to by the discovery and exploitation
of gas, oll, and minerals, threatened the basis of this delicate rural
soclety, creating migratory trends to the cities, bringing in a massive
influx of people and machinery, presenting to all generations
conflicting values and life styles, and increasing the symptoms of
maladjustment. On the other hand, the Natives reacted positively,
organizing themselves to better defend their rights and take control

over the institutions related to their lives.
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Year-round jobs in most villages are few, More persons are
unemployed or are seasonally employed than have permanent jobs.
"Typically the opportunities are limited to positions
such as school maintenance man, postmaster, airline sta-
tion agent, village store manager, and possibly school
cook or teacher aide. In these places, other adults gain
income through the sale of furs, fish, or arts and crafts;
find seasonal employment away from the villages as fire-
fighters, cannery workers, or construction laborers;
depend on welfare payments, make their National Guard
income stretch mightily; or, as 1is usually the case,
(1) provide for the bulk of thelr food supply by fishing,
hunting.‘trapping, and other activities of food gathering;
and (2) rely upon a combination of means to obtain the
cash needed for fuel, some food staples, and for tools and
supplies necessary to the harvest of fish and wildlife.

(Alaska Natives and the Land, 1968)"

The villages are places of contrast. Airplanes are used by people
who fish for subsistence; satellite radio transcelvers are placed in
houses where the heating comes from metal barrels transformed into
fireplaces. Their culture faces a pressing dilemma: either these
contrasts will be absorbed in a synthesis of the traditional and the
modern and oriented to the full development of the potentialities of
the Arctic people, or it will be the source of conflicts that can end

the originality and values of their distinctive civilization.
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In this sense, it is of basic importance to supply the necessary
social services to the population to achieve their primary goals (e.g.
improving the health status of the Natives) without side effects that
will increase the dependency of the community.

The people need to communicate with other villages and cities, and
have the right to décide what communication they would like to be
exposed to. However, a concrete dependency on communication coming
from the outside can introduce models and patterns of consumption that
are unrelated to their village development. In the case of health care,
this dilemma seems quite clear. On the one hand, the Natives need and
want to profit from modern medicine and medical institutions. On the
other hand, the geographical configuration of the villages allows
neither the installation of fully equipped institutioms in all sites nor
the introduction of medical personnel alien to the culture.

I.B. ORGANIZATION OF THIS REPORT

This report has been organized in five sections: first, an
executive summary that synthesizes the main findings; second, an
introductory section that includes this chapter and an overview of
the Alaska sociogeographic setting and the health situation of the
Natives (Ch. I-III); third, presentation of the main research
findings (Ch. IV-XI); and fourth, a set of recommendations based
on these findings and other relevant research and experiences.

A fifth section includes the attachments.

Other major reports and articles produced as a part of the ATS-1

Biomedical Communication Project Evaluation at Stanford University

are listed among the bibliographic references. (See REFERENCES)
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CHAPTER 11

SOCIAL_CEOGRAPIY

I1.A. VILLAGE ALASKA

Alaska occupies about 600,000 square miles, or 16 percent of the
total area of the United States. However, its total population in 1970
was about 300,000, or 0.15 percent of the U. S. total. Approximately
one-fifth (60,000) are natives.

IT.A.1. The natural environment

The tundra in the north and the taiga in the south, with the wild
Brooks Range as a dividing line, are the main environmental features of
the Alaskan geography. ({(This section does not refer to southeast Alaska
which is geographically distinct, being characterized by a more tem-
perate marine climate, heavy rainfall, nountainous terrain, and dense
‘onifrrous forests.) As a consequence, the gsocioeconomic development
of Alaska is framed by some peculiar factors of this natural
environment: the light cycle, creating short summers with midnight sun
and long winter nights, affects the biological cycles of nature and
human behavior; the severe cold during two-thirds of the year,
increasing the difficulties for human activities; the eternally frozen
subsoil, permafrost, underlying 60 percent of the Alaska land mass.

‘This inhibits the possibilities for excavation for cellars, cemeteries,
wells, and pipelines. It also reduces the capacity to absorb sewage and
drain water. Chemical and biological reactions and destruction are
generally retarded at low temperatures, further complicating sewage

and waste disposal. And as the ground underneath poorly insulated
houses may not freeze even in winter, soil depressions that collect

stagnant water under the houses are often formed. The natural food
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resohrces, formerly in abundance from subsistence fishing and hunting,
have been reduced by ecological changes resulting from the arrival of
white people. Today the food resources are meager and the bulk of
Alaska's food supply is imported.

II.A.2, The Social Environment

Today there are two social formations in the Alaska society. One s
the modern urban and relatively dense sector encompassing the three
major urban centers, Anchorage, Fairbanks and Juneau, plus the strip
parallel to the highway connecting Anchorage and Fairbanks; the other is
the rest of the territory, Bush Alaska, occupied by one-fifth of the
population (density 0.1 person per square mile) in widely dispersed
settlements and hamlets.. For centuries the people in the bush have
tried to survive, maintaining their delicate balance with nature while
absorbing innovations from contacting cultures. A century ago the na-
tive population, the overwhelming majority at that time; was seQeral
times larger than it is presently. (Lee, 1973)

Three main aboriginal ethnic groups live in Alaska today: 27,000
Eskimos, 18,000 Indians,’'and 8,000 Aleuts. (Lee, 1973) (There are
several Indian groups in Alaska--including the Athabascan, the Tlingit,
Haida, and Tsimshian--and two major Eskimo peoples.) Their ancestors
cane from Siberia and the northern Pacific, dating back to the Stone
Age. While the Athabascan moved inland and southward along the great
rivers, harvesting the inland game and the rivers for subsistence, the
Eskimo settled along the northern and western coastal regions, and
lived primarily off the sea and estuaries. The Aleuts, kinsmen of the
Eskimos, occupied the Aleutian Islands where the sea provided them

adequate food, and where they enjoyed a warmer climate. From 1940 to
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the present time, a dramatic cultural and economic shift has taken place
among the native population, caused first by the military-related
development of Alaska, and later by the discovery of minerals, gas and
oil, These discoveries have made it profitable to exéend Western
civilization farther into Alaska. The nomadic and self-sufficient
household components of the culture have been converted more and more
into sedentary life and monetary economy.

The passage from Weil-knit social organizations with economic
self-sufficiency and strong religious and cultural support, to a
dependent economy, supported by outside resources (military, welfare and
education, health care funds) and with a monetary basis, has caused an
imbalance which 1s reflected in the sanitation and health situations.
(See Chapter III)

Federal government activities have been the biggest contribtutor to
Alaska economy since the beginning of World War II. In 1972, Federal
outlays accounted for more than half of the State's economic base
(Teleconsult, 1972), Exploitation of gat and oil resources will
likely become the chief factor of the Alsskan economy. The expected
increases in personal income, population, and state government revenues
will undoubtedly change the Alaskan circumstances. Depending on the
allocations of these resources, they can make a positive, neutral, or
negative impact on the present serious problems of the majority of the
natives, whose levels of employment and income, school achievement,
physical and mental health, longevity and almost every other
conventional measure ¢f personal and social welfare were substantially
lower than those for non-native Alaskans, or fqr the United States

vopulation as a whole (Teleconsult, 1972).
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The costs of living and doing business are higher in Alaska than (he
U. S. national average: distance, miarket scale and climatic
contingencies are mainly responsible. Furthermore, in Fairbanks the
cost of living hits lower incomes hardest: in 1971 it was 137 percent
of the national average for higher level incomes and 164 percent for
lower level incomes. (Teleconsult, 1972)

Migration to the cities and disruption of the 1life in the villages
has been the wain consequence of the imbalance of the cultural
exchange. However, new trends are appearing, both in the slowing of the
migratory pattern away from the villages (although migration has not
stopped{ there is a new growth in the village population since the
mid-sixties) and an upsurge of participation on the part of the natives
in decisiun-making concerning their own lives and institutions. For
exanple, the goal of the Tanana Service Unit of the Alaska Area Native
Health Service (in its "Program for 1974" report) reads, "...to elevate
the health status...to the highest possible level through active
participation of native people."

II.A.3. Language

There are eleven major linguistic areas in Alaska, with fifty-six
subdivisions. The widespread use of their native language and the
avoidance of English, except for conversation with government people or
other whites is common in much of village Alaska. However more than
three out of four adult villagers were reported to speak and understand

English well. (Alaska Natives and the Land, 1968) As in other parts of

the U. S., the school system {is reducing the use‘of the native language

among youth in favor of English. (Teleconsult, 1972)



I1.A.4. CGeographic distribution

Seventy percent of the natives live in predominantly native
villages. Of that seventy percent, three-fourths live in 167 native
villages of less than five hundred population, mostly between 25 to
200 persons, and most of the other fourth live in six major native
centers (1,000 to 2,500 population), all of them on the coast., Most of
those who do live in predominantly non-native areas (30 percent of the
total) live in the major urbanized areas.

Migration both to large cities and large native towns is occurring.
The number of natives in cities (Anchoragé, Fairbanks, Juneau, Kodiak,
Sitka), and in large native centers (Kotzebue,‘Bethel, Barrow) has
tripled in the last twenty years. Migration to the "lower 48" goes
unrecorded, but appears to be less than one percent annually. (Alaska

Natives and the Land, 1968)

However, as that same report indicates, '"Villages are not vanishing
from the scene today as is often assumed. There are twelve fewer
separate native villages (with 25 or more population) than those
indicated in the 1950 census, but more than 80 percent of the places
which continue to exist are larger than they were seventeen years ago.
More than half of these are growing more rapidly than the approximate
rate of net natural increase. The aggregate population of native
places today (1967) is a third larger than it was in 1950."

The depopulation of village Alaska stopped in the mid-sixties, but
not the migration to the urban centers. Considering the difficulty in
forecasting with confidence, a good generalization is that the native

villages are not disappearing, and that migration out of the bush has
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been considerably less than the natural increase in native population,
except in southeastern Alaska and along the highway system.
(Teleconsult, 1972)

While it is possible to infer from past experience and similar cases
that increased cultural contact with modern urban life (through outside
controlled Western schools, mass media and travel) will increage the
outflow from the villages, the resources and organization brought to
the natives because of the Land Claims Act settlement may counter that
trend to the extent that they are used to improve life in the villages
and to increase self-government,

IT.A.5. Political organization

Many villages in Alaska are organized for government
only on a traditional basis. Others are chartered
as cities under the Indian Reorganization Act, some are organized
as cities under the laws of the State of Alaska, and a

few have dual organizations. (Alaska Natives and the l.and,

1968)

There are now 12 regional corporations (profit-making, with
initial capital from Land Claims Act) and another 12 non-profit
native associations in those regions. There is also a major state-
wide association: the Alaska Federation of Natives. The regional cor-
porations were formed recently with the purpose of implementing the
general development of each region on the basis of the native interest.
For that purpose, they were invested with the power of administra-
tion of funds and rights that were recognized by the Land Claims

Settlement Act in 1965.
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II.A.6. Education

There are two main systems of public elementary schools in village
Alaska: The State Operated Schools an§ those under the administration
of the Burcau of Indian Affairs. Mgst of the villages have one school.
Some communitics and regions are attempting to gain more local control
of their schools through incorporation (e.g. Arctic Slope Borough
School District, City of Galena). There are only a few secondary
schools and technical schools in Alaska, and most high school students
living in the bush must temporarily live in boarding houses in the
cities where the high school is located.

Twe major universities provide higher education: the University of
Alaska at College, with several community colleges throughout the State,
and the Alaska Methodist University. In both there is a small but
growing proportion of Natives.

I1.B, COMMUNICATIONS

Il.B.1. Transportation

The long distances, the scarcity of population and problems of the
climate and terrain have reduced development of modern ground
trangportation in Alaska to a minimum. In 1970, about fifty thousand
people lived in villages with no year-round ground transportation 1links
with each other or with the rest of North America. Another fifty
thousand lived on islands or mountain-ringed shorelines where they were
accessible mainly by the State marine highways, a system of ferries

visiting each community daily to weekly. As the Alaska Natives and the

Land report indicates, only "a dozen native villages are on the

State's limited road network. Two are on the route of the 540-mile



Alaska Rallroad. Access to the other 170 or so is only by air, or
seasonally by boat, snowmobile, or dog team."

In fall and spring, not all villages are accessible even by air. At
the 45 villages without airstrips (outside of southeastern Alaska) for
several weeks during fall freeze-up float planes are prevented from
landing on the rivers, and the several weeks of spring breakup prevent
ski-equipped planes from landing on winter ice. At least two
villages, Atka on the Aleutian Chain and St. George in the Pribilof
Islands, may only be visited by boat or float planes. Airstrips in
villages, where they exist, are usually gravel,

In western Alaska, where most villages are located, sur-

face-carried freight on ocean-going vessels arrives twice annually at

the most.

I1.B.2. Telecommunications

Isolation and distance between settlements, plus the rig-
orous natural conditions, increase the need for modern tele-
communication in Bush Alaska. However, only 78 out of 180 native
villages (population 25 to 1000) have commercial telephone service,
elther hbush phone or regular commercial service. On the other hand,
in the non-native communities (also 25 to 1,000 population) 78 out of

103 have telephone service.
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TABLF 11-1 Telephone Service in the Villapes
April 1974
(Communities of population 25 to 1000)

————— e ———

With phone—’~ Without Total
phone
Predominantly
native 78 102 180
Predominahtly
non-native 78 25 103 \
156 127 283

See Attachment II1.1 for these data tabulated by PHS Unit

An official report says, ''Not all the villages have ra-
dio transmitters and receivers, and even if they do, com-
munication may be made uncertain by climatic conditions.

And since most of the transmitters and receivers are in State
or Federal schools, their use is limited to official business

and emergencies."” (Alaska Natives and the Land, 1968)

With reference to the HF radio, the Teleconsult report says:
"Many other (villages) having no telephone commun-

ications rely on short wave radio for contact with the
outside world. This is usually on a once-a-day sched-

uled basis'when eleven land radio stations, strategic-

ally located around the State, meet schedules with vil-

lage radio stations operated by the State or Federal

school teachers, Public Health Service village aides, or

some privately licensed radio statilons in the villages.




-27-

Messages can be relayed through the land radio sta-

tions for transmission over teletype circuits to other

parts of the State or the country. ‘Telephone phone

patch calls are occasionally possible when radio sig-

nals are strong. At times, radio signals are so poor

that just getting a message through is difficult, if not

impossible. The service has not really had the use by

the village general public that it could have, mostly lLe-

cause of the difficulties involved with it. And, of

course, there 1s no privacy wvhatsoever. Aside from the

radio operators at each end of the circuit'being invol-

ved with the call, tuning in oa the radio schedules by

anyone with a standard shortwave radio is a popular

pastime in the villages, and a substantial contribution

to the famous Mukluk Telegraph."

(This lack of privacy does not apply to the satellite radio system wherc
only the health aides’ sets can receive the satellite signal.)

Most households have commercial radio broadcast receivers, generally
battery operated.

Oniy one-third of the communities with population 25 to 1,000 have
access to a television signal, most of them because of their vicinity to
the big cities or to Air Force translators. A few of them have ETV
stations which are used to to broadcast mailed videotapes. A few have
cable television systems for retransmission of mailed videotapes. Of
the at least 200 that do not have television at all, 159 are
predominantly native. (Table II-Z) Even the Anchorage and Fairbanks

stations depend on physically transported videotapes for their programs.
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Unly four TV programs seen in Alaska in 1973 were bhroadcast live from
outside Alaska. Economically viable TV interconnection with the rest
of the U. S, awaits the start of U. S. domestic satellite service.

(See Attachment I1.2 for table by PHS Unit)

TABLE 11-? Television Service in the Villages
April 1974
(Communities of population 25 to 1000)

- —

No 1V Direct TV with Air Force
reception v mailed tapes translator Uncertain
Predominantly -
native 159 7 3 6 1
Predominantly
non-native 40 60 13~ 4 10

— e et~

Total 199 67 16 10 11
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CHAPTFER 111

HEALTH SITUATION TN ALASKA

I11.A. GENERAL SITUATION

In a powerful paragraph the Medical Director of the Alaska
Area Hative Health Service summarizes the historic background of
the present health situation in Native Alaska:

"With him, the trader, the whaler and the miner brought

thie scourges of the times--the epidemic diseases of small-

pox, influenza, measles, meningitis, and respiratory ill-

nesses which decimated entire communities. Tuberculosis

and venereal diseases were planted in virgin soil and

thrived too well, the effects being present to this day.

Increased moﬁility promoted the spread of these diseases.

Alcohol, and the way to make it, was introduced. New

food and eating habits fostering tooth decay and malnu-

trition were adopted." (Lee, 1973)

On top of that, the introduction to the bush culture of the market
system without the creation of adequate employment, simultaneously
with the imposition of foreign patterns of consumption of goods and
services, has weakened the strength and vitality of the native
population.

In 1954, just before the U.S. Public Health Service assumed
responsibility for providing health care to the native people, a study
team produced a report generally referred to by the name of the team

leader Dr. Thomas Parran. The Parran Report shows that Alaska natives
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were the victims of sickness, crippling conditfons and premature
deaths at a rate exceeded in few parts of the world.

[(he nain problems presented were tuberculosis, maternal and child
health, mental, environmental and dental health. Only an inadequate
health care system existed.

In 1977, The Alaska Area Native licalth Service reported about the
advances achieved in those areas (Lee, 1973). Tuberculosis, which used
to be the cause of one-third of all the deaths, had been practically
eradicated and was under reasonable control; deaths from infectious
diseases other than TB, and diseases of pregnancy and childbirth, which
vere ten times that of the U. S, whites in 1954, were only 1.5 times
higher in 1972. Infant mortality was also reduced by impirovement in
delivery conditions and medical care. In 1950 ten percent of the
newborn died before the first birthday; that figure was three percent in
1970.

On the other hand, in the areas of mental health and dental
health, while improvements have been achieved, parallel successes were
not obtained. (iLee, 19/3) New problems have arisen. These laiier arc
in general related to sociobehavioral circumstances, and are reflected
in increased rates of death from alcoholism, suicides and homicides, aud
in the increasing proportion of hospital admissions resulting from

accidents, psychological disorders. and abortions.

(Attachment 1IT.3)
FI.B., HOSPITALIZATION TRENDS

The general trend in hospitalization rates of native patients is
toward an increase in the number of outpatient visits (48 percent

increase in absolute number from 1966 to 1970) against a rather stable
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trend in the number of inpatient admissions (around 270/1000). lowever
there was a sharp reduction in the average length of stay (average ol
19.3 days in 1966, 11.0 in 1972). This reduction is consideredban in-
direct measure of progress of the system. (Lee, 1973) Meanwhile the
expansion in the number of outpatient visits is attributed to increases
in primary prevention, secondary prevention through early diagnoses and

treatment and maintenance care of those with chronic diseases. (Table

111-1)
Table TII-1 ALASKA NATIVE HEALTH SERVICE
Direct and Contract Service Workload
Fiscal Years 1966, 1972
Fiscal Year Fiscal Year Change
1966 1972
Admissions 12,697 14,481 + 14.2%
Inpatient days* 199,081 123,048 - 38.2%
Avg. length of stay* 19.3 days 11.0 days - 43%
Outpatient visitsk* 141,312 209,339 + 48.2%

Source: Office of Systems Development. AANHS

* Does not include 'contract' hospitals

*% Increase partly due to redefinition of the scope of this
activity
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In comparison with the U. S. rate, the number of native
people admitted annually as inpatients is more than twice
as high (270/1000 vs 123/1000). The main causes of hospital-
ization in 1972 were, in this order: accidents, delivery,
otitis wedia, psychelogical disorders, senility and 111-
defined conditions, diseases of the eye, pneumonia, diseases
of the breast and female reproductive organs, diseases of
the heart, and abortion. (Attachment III.3)
JITI.C. VITAL STATISTICS
Both birth and death rates have dropped in the past ten
years. The birth rate in 1971 was 32.4/1000 (45/1000 in
1962), or 1.8 times the U.S. rate. The death rate has dropped
from 16.8/1000 in 1950 to 7.4/1000 in 1970, less than the U. S.
rate (probably due in part to the high proportion of young people
arong the total native population). (See Attachment III,1)
The comparison of U. S./Alaska rates has not been adjusted by age.
An overall analysis of the causes of death in the whole

native population shows a shifting pattern. In the words

of Dr. Jee:

"Accidents still remain the leading cause of death
but influenza and pneumonia, together the number
twc cause in 1960, have dramatically shifted ton
fourth place. Early infancy deaths have dropped
from third to seventh place, while heart disease

and cancer have moved into second and third place,
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respectively, each just one rank below the rank-
ing for the total U.S. population. The tendency
‘noted 1is for ranking to line up in the same order
as that of the general U,S. population. These
shifts could be interpreted as resulting from an
effective attack on infectious diseases through

prevention and cure.'" (Lee, 1973)

111.D. HIGH PRIORITY HEALTH PROBLEMS

A whole new set of problems have increased their effects and
pervasiveness. Reactions to the cultural clash, unemploymeét, the
educational system and adaptation to the demands of modern life,
are harder to approach than the strictly "medical" diseases. (See
Attachment IT11.4)

T11.D.1. Mental disorders: As causes of death, of hos-

pitalization, or reasons for visit to the medical personnel, the
incidence of mental disorders is growing sharply. Alcoholism is a
health problem of growing importance. Haraldson (1972) sunmarizes
the point:
"The consequences of alcoholism are many and with high
incidence in the statistics (e.g. of violence, acci-
dents, cirrhosis of the liver and family breakups.) Al-
coholism is considered a direct or contributing cause in
20 percent of all deaths."
A growing use of hallucinogenic drugs has been reported. The rate of
hospitalization for mental disorders jumped from 5.3 per thousand

in 1966 to 19.3 per thousand in 1972. (Attachment I1I.3) The native
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rate of suicides and homicides in 1968 was double the rate for

whites.

(i1.0.2. Venereal diseases: The'rate of gonorrhea in Alaska is the bighest

fn the USA, and the number of syphillis cases is growing steadily.
In 1970 the reported cases of gonorrhea showed a rate of 88% per

100,000.

111.D.3. Otitis media: Special campaigns are under way to eradicate

this most common childhood illness. About one-quarter of the
na£ives have had more than one episode of draining ear at some
time in their lives. The results of the campaigns are encouraging.
(Fifty to ninety percent of children surgically treated in
Anchorage have had continuing good results).

I1T1.D.4. Water and sanitation: Solutions that were adequate for nonadic or

subsistence traditional life are not suitable for the requirements
of modern life. Permafrost and the extreme climatic conditions

make the installation of water supply and sewage disposal systems
difficult. The land is hard to excavate, pipes freeze and tireak,
and sewage seeps out. Experimental systems are being tried, but

the obviour additional costs make it difficult to implement them
widely.

(11.0.5. Housing: The natives, long accustomed to the outdoor life
(hunting and fishing with high mobility), now spend more time indoors
at home. The scarcity of financial resvurces to buy modern houses
and the lack of modern designs based on locally available materials
(rocks, logs, etc.) have resulted in the building of sutstandard

houses where sanitary and psychological discomfort ahcunds.
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"It is generally accepted as a fact that Eskimo sub-
standard housing contributes to the high incidence of a
series of environmentally related diseases such as
acute viral and other respiratory diseases, pneumonia,
otitis media, streptococcal throat infections, rheumatic
diseases (with heart and kidney involvement), skin dis-
eases, accidents, and even some mental disorders."
(Haraldson, 1972)
II1.E. ORGAKIZATION OF THE HEALTH DELIVERY SYSTEM TO NATIVE ALASKANS

Multiple public agencies and services plus the private sector
are the providers of social and health services to the natives.

The first level of care is provided in the villages which are
covered by about 180 health aides, paramedical personnel who provide
primary care to their fellow villagers and are linked by radio to the
doctors at the Native llealth Service hospitals. About once a month
nurses and/or doctors visit each village for ambulatory care and preven-
tive treatments. The villages are grouped in seven Public Health
Service Units, each of which has its hospital, and in some cases a town
clinic, served by a public health nurse. (Lee, 1973) All these seven
units cemprise the Alaska Area Native Health Service, a geographic sec-
tion of the Indian Health Service (PHS-HEW). The headquarters are in
Anchorage with an area director and a central hospital (the Alaska
Native Medical Center, ANMC) serving the whole region. In some areas or
for some problems, the Service contracts with private or public medical
centers the treatment of native patients. The Alaska MNative Health
Service also deals with environmental sanitation, housing, water supply,

and sewage disposal. (Haraldson, 1973a)
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Medicare and Medicaid support is avsilable to Natives

qualifying for it because of low income, age, blindness, or
disability, and for families with dependent children.

fhe‘Office of Economié Opportuﬁity supports two "regibnaiizcd
consumer-controlled health delivery systems serving Eskimo people"
in Bethel (the Yukoﬁ—Kuskokwim Health Corporation) and in Nome (the
Norton Sound Health Corporation).

The Department of the Interior, through the Bureau of Indian
Affairs, cares for education of native children, land problems,
unemplovrient, and welfare in general.

“he Department of Housing and Urban Development supports develop-
ment of low-cost housing in native settlements.

The State of Alaska is responsible to all Alaskans for:
comnunicable diseases in general, tuberculosis control, mental
health, naternal and child health and family planning, public
liealth nursing, nutrition and rural housing. (Haraldson, 1973)

It also provides free laboratory services for private physicians
attending lMative people. The Alaska State Department of Health

and Social Services is the main responsible agency. There are also
local autoncmous health agencies at the borough level,

As Haraldson points out (1973), "Due to the rather complicated
organizational pattern of health services with responsibilities
shared..., considerable coordination probleme are involved in the
planning and administration of native health services'.

Indeed, quite recently the three top planning and advisory agencies

(the Alaska Native Health Board, the Indian Health Service, and the
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Sééte Department of Health Social Services) got together to an-
alyze the allocation of the $100 million combined health budget.

(Alaska Federation of Natives Newsletter in Tundra Times,

February 27, 1974) At the meeting '"much time was spent identi-
fying who does what under the name of health" in Alaska. Ac-
cording to the newspaper report, the Alaska Native Health Board
stated that "health problems are basically the same as 100 years
ago and are just beginning to be addressed'.

ITI.F. A COMPARISON WITH THE HEALTH CARE SYSTEM FOR NATIVES IN
THE CANADIAN NORTH (by Heather Hudson)

The Alaska health care delivery system may be compared with

the system used by the Canadian Government, in which most

remote native communities in the Canadian North are provided with
a resident nurse and a nursing station which consists of a clinic,
a {ew beds, and living quarters. The larger stations have two

or three resident nurses. The nurses are linked to regional hos-
pitals by telephone or HF radio telephone. Some smaller communi-
ties are served by native aides who report by lIF radio to nurses
in the larger settlements.

The nurses come from southern Canada and foreign countries
such as Britain and Australia. The turnover rate is high. Dr.
Sixten S. R. Haraldson of the World Health Organization
concludes that the Alaskan approach of using trained native
aides with communication to doctors avoids many of the problems
of the Canadian system. "Training the Eskimos as medical aides
means they stay on the job, so>avoiding the high turnover rate

which plagues Canada's northern health service." (Haraldson,
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1973b) He found that infant mortallty among Alaska bEskimos was
.much lower than for Canadian Eskimos, quoting the Alaskan figurc
of 29 deaths per thousand live biriths vs. 97.8 per tihousand for Canadian
Eskimos. Haraldson notes that Alaska spends about $700 on health

care per Lskimo per year to cover all health costs, whereas Canada
spends $740 to cover 60 percent of costs. ''Canada seems to be
sperding more and getting less." (Haraldson, 1973b)

pn the other hand, Dr. carolyn Brown, a physicilan practicing

in Aﬁchorage and a consultant to Stanford University, points out that
the Qlaskan system is unplannéd. Different agencies overlap each other
and it is fragmented in its operation and coverage, while the Canadian
system is well planned and unified. However, both agree that using

trained native health aides is the cheapest way to raise the standard of

service in remote areas.
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CHAPTER 1V

BACKGROUND AND PURPOSE OF THE ATS-1 SATELLITE EXPERIMENTS

IV.A. BACKGROUND

The presence of the ATS-1 satellite in geostationary orbit
provided the opportunity to conduct experiments between small ground
stations located both in remote places in Alaska and in urban
centers to verify the possibility of having reliable telecommunications
between them. The National Aeronautics and Space Administration (NASA)
has made time available on the first of the Applications Technology
Satellites (ATS-1) launched in 1966, but still operating satis-
factorily for voice communication. The Lister Hill National Center
for Biomedical Communication of the National Institutes of Health,
Department of Health, Education and Welfare, through a contract
with the University of Alaska, has funded the installation and
operation of low-cost ground stations in several Alaska locations
with the basic purpose of improving health care delivery to the
villagers by health aides who are able to consult remote doctors
(see 1list, Attachment IV.1), Stanford University received a contract
from the Lister Hill Center to carry out an evaluation of the ATS-1
biomedical communication system in Alaska.

As originally outlined in the Lister Hill Center report, "A
Satellite Communications Project for the Pacific Northwest and
Alaska" (October 1970), the fundamental aims of the exper-
iments included both technical and specifically biomedical

communication matters., These goals were to:
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--deterrine the degree to which satellite communications
technology can be used for biomedical communications in
renoie dreas where common carrier telecommunications ser-
vices do not exist or are severely limited;

~--provide technical experience which will be of use in the
design and development of future operational satellite
systems and medical services;

~-~gather technical data to be used in the design and
develepment of small, effective, and economical satellite
communications earth terminals;

--gain experimental data designs of baseband communications
equipnent (e.g. ECG devices, teletype terminals) to be used
in conjunction with both satellite and terrestrial trans-
mission systems.

--conduct controlled experiments to determine effective
methods of providing health care education and medical
consultations to geographically isolated locations.

IV.B. THE OPERATIONS AND THEIR EVALUATIONS

In this context, the main task of the evaluators was to analyze
the operation of the biomedical communication system, its human and
organizational components, and its impact upon the health delivery
system, its personnel, and its users. This evaluation required both
an analysis of the actual functioning of the system and comparative
studies of existing communication alternatives.

More specifically, the research carried out included:

a. A quasi-experimental comparison of the communication per-

formed in the aide-to-doctor system, when using HF radio and when

using satellite radio (Ch. V and VI.A).
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b. An analysis of the performarce of the aide-to-
doctor exchange, both for the quality, frequency, and duratlion of
the exchanges, and for .their medical content, (Ch. VI.A).

¢. An analysis of the impact of the satellite communi-
cation on the health aide behavior, and of their attitudes toward
the system (Ch. VI.B).

d. A quasi-experimental analysis of the impact of the satellite
radio link on the hospitalization rates of the villagers served by
it compared with those villagers served by HF radio (Ch. VI.C).

€. An analysis of the exchanges between a physician
on a remote island and his consulting colleagues at a major medical
center (Ch. VIII).

f. A quasi-experimental evaluation of paramedical education by
satellite, comparing the learning scores of nurses obtained after
participation in a Coronary Care Nursing Course, delivered both in
face-to~face situation in a school setting and by satellite to
nurses stationed in remote clinics (Ch. IX).

g. Alternative systems to provide health communication
services were assessed. The results include hardware, satellite
link, and cost analysis (Ch. XI).

The contract was awarded on January 1, 1971 with some
modifications made later on, and the sa;ellite radio ground
stations began operations in August 1971. The experiments were
carried out from that period on. Data from this ATS-1 experiment
are being used as baseline data for the ATS-6 experiments on
satellite transmission of video and health information messages

and their effects on health care.




CHAPTER V

TECHNICAL EVALUATION QF SATELLITE SYSTEM PERFORMANCE

V.A. \FACKGROUND: THE ATS-1 EXPERIMENT--COMMUNICATION BEFORE AND
AFTYR SATELLITE RADIO INSTALLATION

buring the summer of 1971, ground stations were installed at 26
compunities in Alaska for two-way audio communication via the NASA ATS-]
ezperimental satellite. Nine of these stations were located in villages
in the Tanana Service Unit which are served by native health aides.
Other grcund stations in the Unit were installed at the Tanana hospital
and Fort Yukon where there is a nurse. Ground stations were also
located at the Alaska Native Medical Center (ANMC) in Anchorage and in
13 other communities, several of which had doctors. The Alaska control
station (Minitrack) is at the University of Alaska in College, near
Fairbanks.

The primary use of the ATS-1 network has been for a daily doctor
call between the doctor at Tanana and the remote health aides in the
Tanana Service Unit. In 1973, six ground stations were moved from other
sites where they had received little use to an additional five villages
in the Tanana Service Unit. (See Attachment IV.1) Prior to the
installation of the satellite radios in some villages, all of them had
IIF communication and the doctors at the Tanana Hospital tried to achieve

the daily doctor call through those HF radios.
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V.B. METHODOLOGY
In an attempt to isolate the effects of introduction of the
;ew technology from othet factors influencing heaith care de-
livery in rural Alaska, a quasi-experimental design was imposed
on the basic data. A group of nine villages were designated as the
"experimental villages". These were Allakaket, Anaktuvuk Pass,
Arctic Village, Chalkyitsik, Huslia, Nulato, Ruby, Stevens Village,
and Venetie. All of them were equipped with satellite-radio re-
placing the HF radios being used by the health aides. A tenth
village with satellite radio in the Tanana Service Unit, Fort
Yukon, was exciuded from this analysis because the presence of a
nurse and the availability of a telephone made the health care de-
livery situation in that village quite different from the others.
To examine the difference attributable to the satellite radio,
statistics were gathered for the year immediately before the intro-
duction of the satellite ground stations. Some of the changes
from one year to the next might have occurred without the intro-
duction of the satellite radios, however. To provide an appropri-
ate baseline for comparison, a group of villages in the Tanana Ser-
vice Unit which did not have satellite radio were studied during
the same three-year period. (Mid-August of 1971, the average date
of satellite ground station installation, was used as the dividing
point for the before-after comparison in the control villages.)
No other event that could have differentially affected one group of
villages was detected. Doctor-initiated doctor call sessions were

held before and after the satellite installation in all villages,



44~

experinental and control ones. ANo turnover of health aides occurred
to atfect the experimental data.
V.C. TECHNIQUES

For purposes of this technical evaluation, the radio logs at
Tanana Hospital and at the Minitrack Station at College were
examined to determine the frequency of radio contact between
Tananea and each of the villages during the three-year period and
the quality of the signal, For the nine experimental villages, the
data presented below include the calendar year immediately before
and irmediately after the installation in each village, and a
second vear, beginning in October 1972, (See Minitrack radio log
as Attachment V.1, and Tanana radio log as Attachment VI.2.)

For the four control communities of Beaver, Hughes, Koyukuk and
Rampart, the radio contact is reported for the year before and after
the average installation date of August 17, 1971. (Table V-1) Only
four control villages were used for this analysis because the vil-
lages of Birch Creek, Circle and Eagle (used as controls in other
analyses reported below) did not appear in the radio logs in this
pericd; they apparently had no radio contact at all with Tanana
Hospital. buring the first year of the satellite period, the satel-
Jite was not available for 27 days. Also, the health aides were
not required to answer ''doctor call" on weekends if they had no
patients to discuss. However, in all instances, the percentage of
days with radio contact was calculated on the basis of a 365- or

366-day year.
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Table V-1.. Days of Radio Contact with Dogtor Before and After
Installation of Satellite Cround Station

BEFORE AFTER
(1970-1971) (1971-1972) (1972-1973)*
average 7 of average 7% of average % of
number poss, number poss. number poss.
of days days of days days of days days
Experimental
Villages (9) 51.7 14.0 270.2 74.0 310.0 85.0
Control
Villages (4) 44,0 12,0 24.3 7.0 N/A**% N/A%*

* 10-1-72/9-30-73

**Three of these four villages (Beaver, Hughes, and Koyukuk) had
satellite radics installed in mid-April 1973. The fourth, Rampart,
continues operation with HF radio, but no record of contact appears
in the Tanana Hospital log.

V.D. ANALYSIS OF THE RESULTS

The change in radio contact in satellite villages amounts to an
increase of more than 400 percent for the first year after and more than
500 percent for the second year following satellite radio installation.
These differences are statistically significant despite the small
number of villages involved (first year, t = 14.1, df = 8, p < .001;
second year, t = 22,3, df = 8, p < .001),

The percentage drop in the villages with high-frequency radio
contact is not statistically significant, and may be just random
fluctuation. The first year report suggested that if the change did
represent a decline, it might represent deterioration of the

high-frequency equipment as contrasted to the satellite radio, or a
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decline in the doctors' perseverance in attempting to make contact via
thigh-frequency radio. The lack of data for the second year (due to the
fact that no record of contact appears in the Jog for the control
villages) made it impossible to be more definite.
V.E, [INFLUENCE OF THE LOCATION OF THE RADIO TRANSCEIVER

One alternative hypothesis to explain the increase in 'contacts
cempleted” after the satellite ground station installation was the fact
that these transceivers were placed in the homes of the health aides,
rather than in less accessible areas, such as schools, community halls,
etc. o control for the possible effect of the change in the location
of the radio transceivers, four villages with both HF radios and
satellite radios located in the home of the health aide were compared

with five villages where the radios were not previously located in thle

health aides' homes. (Table V-2)

Table V-2, Percentage of Days on which Radio Contact
with Doctor was Made

Year before First year after Second Year After
Satellite Satellite Satellite
(1970-1971) (1971-1972) (1972-1973)
4 villages
which had
iIF radio ir 21.0 74.0 89.0
Health Atde's
hrome
5 villages
which had
HF radio 11.5 73.0 82.2

elsewhere than
Health Aide's
home
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The data demonstrate that having the HF radio in the health
aide's home led to more frequent radio countact. However in those
villages with "at-home" access to HF radios, contact was made on

only one day in five,

V.F. COMPARISON WITH VILLAGES WHERE SATELLITES WERE INSTALLED
IN 1973 ('NEW SATELLITE VILLAGES")

In April 1973, satellite radios were installed in four ad-
ditional villages at the request of the residents, This group of
villages--Beaver, Eagle, Hughes, and Koyukuk--offered an additional
possibiliiy of comparison between this new group and the villages
where the satellite had been operating for more than a year.

These "old" satellite villages were used, therefore, as a control
group, and the four 'mew'" satellite villages were the experimental
ones. In both groups, the data for the year "before satellite"
reflects the operation of biomedical telecommunication during

1971, The data for the '"first year after satellite" reflect the
operation of the biomedical telecommunication during 1972 for the
old villages and the estimate for the calendar year of 1973 for the
new satellite villages.

The data presented in Table V-3, following, confirm the pre-
vious analysis---that the installation of satellite radios increases
dramatically both the number of contacts completed and the number

of medical cases treated.
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Table v-3 "01d" and '"New' Satellite Villages

Before First Year After

Days with Radio Contact with Doctor

New satellite villages (4)* 44,0 (12%) 278 (76%)
Old satellite villages (9) 51.7 (14%) 270 (747%)

New medical cases treated (average
and episodes per 1000 inhabitants)

New Satellite villages (4)% 24.7 (286) 158.4 (1,604)

01d Satellite villages (9) 47.1 (330) 184.6 (1,291)

*In the sample of 4 villages, one of them (Rampart) was replaced in
the analysis for the "first-year-after-satellite" period by another
village (Fagle).

V.G, ONE TYPICAL YEAR OF "DOCTOR CALL"

During 1973 it was possible to collect enough data to portray in
depth the operation of the satellite radio system, its reliabil-
ity and the medical services it provides. By 1973, the satel-
lite was already a fact of life for the doctors and participating
villages. Possible novelty effects and periods of adaptation were
over. The hardware was no longer brand new and received average
maintenance. The villagers who were the final beneficiaries of the
system had evidence of its advantages and limitations. Tn 1973,
satellite radios were installed in four more villages which al-
lowed for comparison between newcomers and experienced health

aides.
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V.G.l, The Setting in the Tanana Service Unit

Doctors at Tanana Hospital communicated daily with health
aldes at thirteen villages and with registered nurses in charge
of the clinics at Fort Yukon and Galena. Of the thirteen villages,
nine had been using satellite radio since August 1971, and four
since April of the year under analysis. The nurses at Fort Yukon
and Galena also had telephone links to the hospital and fre-
quently also sought consultation from the .physicians at the Fair-
banks Native Health Center.

All the health aides had performed similar tasks with satellite
or HF radio for communication prior to the year under analysis. Two
doctors at the hospital had been working with the satellite radio
system since early 197Z, and a third doctor was added as a radio
consultant in mid-1973.

The satellite voice channel was operating at full power, and
maintenance of the equipment was assured by the Geophysical Insti-
tute of the University of Alaska, at College.

The population in the thirteen villages served by health aides
and satellite radio was about 1,700 persons, of whom more than
95 percent were Natives. With the exception of Anaktuvuk Pass,
which is an Eskimo village, all the others are predominantly
Athabascan Indian communities.

V.G.2. Performance of the System

The major figures for the system performance during this year

are as follows:

V.G.2.a. Contacts completed: 86 percent of attempted contacts were

successfully completed. Technical and human problems (health aide
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awvay hunting or busy with personal affairs, etc.) account for the
remaining 14 percent. The village with the most completéd contacts
had 96 percent, the onec with the least completed, 63 percent.
The percentageuof contacts completed remained reasonably stable
over the year (maximum, October, 91 percent; minimum, June, 83
percent).

; The villages joining the systex in April 1973 had a similar
proportion of completed contacts to those villages already operating

via satellite,

V.G.2.b. Positive traffic (traffic with medical content): On 67 per-

cent of the total village days (or, in other words, of the total
possible contacts), the average health aide discussed or exchanged
medical messages (either patient consultation and/or medical
administrative matters). January and February had the lowest per-
centage of medical content (on about 53 percent of the total days).
(See Attachment V.2)

The variation among villages is notable. There was one village
(pop. 159) with content to transmit on 88 percent of all the days of
the year, while another village (pop. 84) had medical traffic on only
48 percent of all days.

V.G.2.c. Negative traffic: On 19 percent of all days (or

34 percent of the 'completed contacts"), there were "meither
patient consultations nor administrative matters to ex-
change that day". 1In colder months there tended to be more con-

tact days without medical traffic than in milder months.
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V.G.2.d. The quality of the signal: The signal was rated at Minitrack

daily for contacts with every village on a five-point scale for strength
and intelligibility.

The strength of the signal was rated in the two top categories
of the scale in more than 98 percent of the contacts, and in 84
percent of them it was rated in the top category.

There were no clear seasonal strength variations. In April and
May, however, there was significant increase in the number of con-
tacts with strength rated in the second best category (25 percent).
Some villages transmit with considerably be;ter sigﬁal strength
than others. The worst village had 57 percent of the contacts
in category 4; the best had only &4 percent rated 4; and almost all
others were in category 5.

The intelligibility of the signal was rated for more than 95
percent of the contacts in the top two categories, and for 62 per-
cent of them in the top category. (Category 4, readable with practi-

cally no Aifficulty; 5, perfectly readable.) Some of the villages had

an average of 84.2 percent in the 5 category, while others had

only half of their contacts in that category.



~52-

CHAPTER VI

EVALUATION OF REMOTE HEALTH AIDE-TQ-DOCTOR CONSULTATION VIA SATELLITE

In the previous chapter data analyzed show the increase in the
frequency of contacts between health aide and doctor, and their high
signal quality.

In this chapter the operation and possible effects of the link
between health aide and doctor are explored. This chapter is divided
into four main sections: VI.A., analyzing the biomedical content of
the telecommunication (number of consultations, diagnoses, severity,
predicted effects, etc.); VI.B., describing in depth the role of
the health aide; VI.C., exploring its possible consequences on hos-

pitalization rates; and VI.D., & discussion of conclusions.

VI.A. HEALTH AIDE-TO-DOCTOR COMMUNICATION

The communication between health aide and doctor is analyzed in
this section quantitatively and qualitatively. The first part compares
the number of medical episodes treated before and after the instal-
lation of the satellite stations, and describes in more detail the
ones held during a typical year (1973) of full operation c¢f the
system, including the emergency calls. A more qualitative content
analysis of those exchanges follows, analyzing the type of visit
consulted on, the diagnoses, the severity, the management plan

proposed, and the predicted effects on outcome.
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VI.A.1 Medical Cases Treated

The radio logs at Tanana and the Minitrack station at Col-~
lege also permitted an analysis of the numbgr of new episodes
discussed by the doctor with the health aide in each of the vil-
lages contacted during doctor-call. Compared to HF contacts in the
year previous to satellite installation, the number of cases man=-
aged by satellite radio showed almost a three hundred percent in-
crease in the first year, and more than four hundred percent for
the second year, against a background of a slightly declining number
of patients treated in the HF radio villages. Table VI-1 shows the
number of new episodes in the experimental and control villages in
the year preceding and in the two years following introduction of
the satellite radio. (A "new episode" is any form of patient con-
tact other than follow-up visits within a few days.) The
increase in the satellite cases was statistically significant
(first year: t = 12.5, df = 8, p < .001; second year: t = 23.4,

Table VI~1 New Episcides Handled by Teleconsultation
Before Satellite After Satellite
lst year after 2nd year after
(1970/71) (1971/72) (1972/73)

9 Satellite Villages 47.1 (330)* 184.6 (1,291)* 290.0 (2,021)*
4 HF Radio Villages 24.7 (286)% 15.0 (173)* N.A.

*Episodes per 1,000 inhabitants




54~

Vi.A2,0 ‘the _Biomedical Communicaticn During a Typical Year

VI.A.2.a. Data Sources

As we mentioned before (Ch. V.G) an in-depth analysis of the
health ajde-to-~doctor communication was done on the data available
for 1973,

The data used in this subsection stem from two basic scurces:
the logs kept at the Minitrack Station at College and records kept
by health aides. Information from a previous analysis of emergency
calls by Dr. Brian Beattie has beenxincluded.

'

Vi.,A.2.b. Patient consultations: Consultation is sought in about

two-thivrds of the cases seen by the health aide. This estimate is based
on an in-depth analysis of one health aide's rec&rds. The health aides
of the thirteen villages made 3,020 patient consultations in 1973,

Given that the total population of these villages is 1,700, and four
villages entered the system in April, thié amounts to atout 2.0 radio-
consultations per person annually, or around 10.6 radioconsultations

per average family (5.3 persons). (U. S. rate for doctor visits: 4.3
per person.)

There are large intervillage variations in the rate of radio-
consultations per capita (maximum 3.7, minimum .95). Not enough
informatidﬁ is available to relate this in any way to the health
or sanitation conditions of the village. Variables in the behavior of
the health aide are probably the major factor of the difference In
the rate.

In 43 percent of all possible contacts (number of days per year
times number of villages) there was at least one patient consultation;
in some villages patient consultations cccurred on two-thirds of the

days; in some others, on only one day in four.
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Vi.A.2.c. Seasonal variations: There are seasonal variations in

in the number of patient consultations per month. Winter and sumnmer
months have a higher number of patient consultations than spring and
fall months. The patient consultations per possible contact for
each month were as follows:

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.

.89 .70 .73 .54 .55 .71 .75 .84 .77 .66 .67 .72
The yearly average was .71.

Vi.A.2.d. Administrative matters exchanged: Placement of orders for

supplies, drugs, checking on prescriptions, inquiries about use of
drugsAafter freezing or after expiration dates were the most frequent
non-patient matters exchanged. The second most frequent were in-
quiries relating to transportation, the whereabouts of the X-ray
team, the dentist, the nurse, a traveling doctor, or the mail plane.
Each village discussed an average of 282 items per year, or .95
items per possible contact (maximum 1.9; minimum 0.5). The variation
across months of the year was not seasonal (maximum 1.2; minimum 0.7).
23 percent of the total contacts had administrative matters as their
only content,

VI.A.2.e. Time elapsed: During the full year, the thirteen villages

used 13,944 minutes (232 hours) of satellite time. This was an av-
erage of 4.3 minutes per average day per village (4.8 minutes on
weekdays and 2.6 minutes for weekend days), or about 9.3 minutes
per person per village annually. Out of that time, 72 percent

was used for patient consultations and about 27 percent for
medical administrative matters. The average patient consultation

required three minutes, and the average administrative item one
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minute. There were big variations between villages only partially
accounted for by the variations in population between villages.
(The maximum average contact for a particular village was 7.0
minutes; the minimum 3.4 minutes.) Weekend contacts were about 453
percent shorter than weekdays. There were no important variations
in the time spent per month. All months had between 1200 and 1350
minutes with the exceptions of Augusc (1539) and September (959).
This amount of minutes excludes the exchanges with other villages or
localities outside the thirteen under analysis {e.g. Fort Yukon, Galena,
St. Paul Island). The total satellite time used was larger.
VI.A.3., Emergencies

The lack for the village aide of immediate contact with the hos-
pital in emergency cases was a factor in disabilities and deaths. An
analysis done by Brian Beattie, M.D. (Hudson, 1972) on emergency cases
showed that:

a. Lack of communication within a reasonable time made a difference
in the outcome of four cases out of a total of 10 deaths which
occurred in the period he studied.

b. For emergency contacts, the villages where satellite radio was
in use had a better percentage of contacts achieved within a
reasonable time than those equipped with HF radio.

lowever, at the time of that study the health aides in the ''satel-

lite villages' had to wait to be called in order to have contact with
the doctor. They could not call him, After that study, '"alarm buttons"
were installed in the health aides' houses, to call the hospital in
emergency situations. After the installation of those buttons ir late

1972, no case was recorded as not having been achieved within a reasnn-

able time.
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During 1973 there were 45 emergencies recorded, some of which
involved more than one patient. Seventy percent of them resulted in
evacuation of the patient to the hospital, and twenty percent were
resolved by consultation with the doctor. The remaining ten percent
were either labelled as ''mon-medical emergencies' or no information
about their nature was recorded.
The following 18 a list of emergencies for which the alarm
buttons were activated during May 1974:
1. Koyukuk activated the medical alarm signal at 18002
on May 2. An 18-year old in labor; arrangements were made
for air evacuation to Tanana.
2. Nulato activated the medical alarm signal at 1730Z on
May 6. A patient with chest painj treatment recommended.
Nine minutes used,
3. lNulato activated medical alarm signal at 0538Z on 14
May. Patient in severe pain and depression. Had recently
had surgery and radiation treatment for cancer. Air trans-
portation to Tanana arranged for following morning.
4. Hughes activated the medical alarm signal at 0604Z on
May 29. Patient with lower abdominal cramps. Treatment
advised and air evacuation to Tanana arranged.

(From University of Alaska Geophysical Institute Informal

Monthly Progress Report dated June 17, 1974.)

)
VI.A.4. The Content of the Aide-to~Doctor Radioconsultation

The health aide provides the first level of care in the remote

villages, and 1s responsible for all health care activities during the
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long periods of time between physician visits to the community. In
thirteen villages of the Tanana Service Unit, the aides contact the
consultant physician at Tanana Hospital by satellite radio daily at
scheduled times. A "sample' transcript of the kinds of interactions
carvied on over the satellite is included as Attachment VI1.9. 1t is
based on actual consultations but has been altered to preserve medical
confidentiality. About two-thirds of the patients they see are
discussed with the physician. What is the medical content of these
exchanges? What conditions are the most frequently discussed? And with
what effects in terms of treatment? How many of the cases discussed are
transferred to the hospital? These questions are analyzed in this
section.

VI.A.4.a. Methodology

Questionnaires and codes were developed at Stanford which asked the
physician consultants, Drs. Crooks, Britton, and later Hardy, of the
Tanana lospital, to rate various parameters of the inter-
action. (Attachments VI.2 and VI.3) The period under analysis, the
latter half of 1973, includes summer months and the extremely cold late
months of the year. It does not, however, include late winter.
Mo significant variation occurred between the warm and the
cold seasons either in the number of encounters or in the propor-
tion of various diagnostic categories. There were 2,004 physician-
aide patient-related encounters during the evaluation period.
Satisfactorily coded inférmation was obtained on an average of 82
percent of entries. For the different variables the percentage

of satisfactorily coded information was: severity, 86 percent;
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type of encounter, 90 percent; management change code, 79 per-
cent; and outcome ccde, 70 percent. (The outcome code c¢owpletion
rate rose to 77 percent after some confusion over the instructions

was clarified.)

VI.A.4.b., Coders' Reliability (by Dennis Foote)

In order to verify that the doctors use the codes in similar ways,
correlaticn coefficients were calculated between the numbers of cases
each doctor assigned to each category of the codes. This is not a
rigorous reliability coefficient, because the doctors have not judged
the same cases, but it will provide a general indication of the
similarity between each pair of the doctors.

Cases in which doctors failed to record the codes were excluded
from the analysis. Because the degrees of freedom for the correlation
coefficients are quite small, interpreting the actual magnitude of the
coefficient is very difficult. For example, a correlation with two
degrees of freedom must be .900 before it is significant even at the
.05 level. Higher correlations must be obtained for more stringent
significance levels. Consequently, the following table reports the
level of significance of the inter-doctor correlations, rather than
the actual correlation coefficient. The smaller the number, the
stronger the similarity is between the two doctors' use of the codes.
The obtainecd coefficients that were significantly different from chance

range between .9159 and .9999.
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SIGNIFLCANCE LEVEL OF CORRELATION
COEFFICIENTS BETWEEN DOCTORS:

DEGREES OF DOCTORS DOCTORS DOCTORE
.ODE FREEDOM 1 AND 2 1 AND 3 2 AND 3
Visit 1 .01 .01 . 005
Travel 2 . 005 .005 . 005
Severity 6 . 005 . 005 . 005
Management 2 Not sig. Not sig. .05
Qutcome 2 Not sig. Not sig. . 025

As can be seen from the table, the doctors use the codes quite
similarly, with the exception of Doctor 1 on Management and
Outcome codes. On those two codes, Doctors 2 and 3 use the codes
in the same way, and Doctor 1 uses them differently from either of
the other doctors. However, 1t must be remembered that these are
not true reliability coefficients, because the doctors have not
rated the same cases. Thus, it is not possible to conclude that
Doctor 1 uses the codes unreliably; health aides may confer with
him on different types of cases, or he may have an intervention
style that is different from that of the other two doctors. What
can be concluded from this analysis is that, on the whole, the doc-
tors appl; the codes 1in a consistently similar pattern.

Vi.A.b.c, The patients

The encounters referred to native patients of all ages. As we
have seen (Chapter V), the average native in the village is likely to
be the subject of two consultations per year. The age distribution
of the patients tends to follow the age pyramid of the village pop-
ulation with predictable increased utilization in the early child-
hhood and older population groups. Twenty-two percent of the cases

involve children three years or under, but this group constitutes
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only 15 percent of the total native population., This high rate is
consistent with the fact that infant mortality in this area is 40
percent higher than in the rest of the U, 8. (Number of deaths

before the first birthday per 1,000 live births in 1970: Alaskan

Natives, 28.5; U. S., all races, 19.8.)

Table VI-2 Age Distribution of the Cases Consulted
Age group Cases Cases Percent of the age group
(Number) (Percent) in the Native population
] - 3 330 22,2 15.0
4 - 13 352 ,53.7 29.3
16 - 23 217 14.6 18.5
264 - 33 185 12.5 | 14.1
34 - 43 107 7.2 9.6
44 - 5% 99 6.7 6.8
54 - (3 84 5.7 3.9
64 and over 110 7.4 2.7
1,485 100.0 T100.0
Unreported 520
Total cases 72,0046

June-Dec 1973

Source for age distribution data: Alaska Natives and the lLand,
1968.
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VI.A.4.d. The dlagnoses

There were 26 diagnosis categories. ‘The categories are based on
the major headings of the Diagnostic Code List for the Ambulatory
Patient Care Report given in Appendix IJI of Chapter 3 of the lndian

Health Manual, TN No. 71.5, 10/5/71. Only minor adaptations have

been made. The most frequently used categories were respiratory
disease, {ll-defined symptoms, skin difficulties, ear problems,
and acclidents. (Table VI-3) These five categories accounted for
63 percent of all recorded encounters.

The distribution among villages is relatively homogeneous.,
However, a few villages have special patterns, such as Hughes, where
respiratory cases appear more often and digestive problems are wore
nunerous. The populations of the villages are quite small (averagé 130
persons), and the presence of one individual with chronic illness
necessitating frequent health care may have a significant ef-
fect on the total village utilization figures. Since patients
were not coded individually it 1is not possiple to answer the ques-
tion of how much the "individual patient' may have contributed to
these special patterns.

Vi.A.4.e. Severity

The severity-complexity code was scaled from one to eight, the
higher numbers indicating a more severe-complex problem. During the
period under analysis, only one-half percent of the cases were
considered as very severe and complex (categories 7 and 8). Two-
thirds were considered cateéory 5, evaluation of a minor symp-

tomatic problem with some risk of ccmplication. (Table V1-4)
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Table VI-3 Incidence of Different Diagnoses in the Satellite
Radio Consultations

Nlagnosis 4 Diagnosis (n=2,004) 7%
Respiratory 20.5 Urinary 1.7
[11-defined symptoms 12.4 Birth control 1.4
Ear problems 10.8 Infectious diseases

and parasites 1.2
fccidents 9.0

Mental disorders .9
Fye 4.9

Blood, neoplasm
Digestive 4.7 disorders N
Supplemental tests and - Nervous system .3
followups 4.0

Male genitalia W2
Female genitalia and
breast problems 3.7 Endocrinal, nutritional

and metabolic .1
Musculoskeletal and
connective tissue 3.1 Other non-diagnosis

patient-related issues
Dental 2.6 (drug reorders,

travel) 12.1
Pregnancy, birth and
puerperium 2.0
Circulatory 1.7

OVERALL TOTAL: 100%
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Table V1-4 Severity-Complexity of the Cases Consulted
Number of Per-
consultations centage

1, Simple question
about medication, reaction, or use of 3! 4,1
household remedy, etc.

2. Patient counseling about proper health‘
habits, social or psychological problems 61 3.6

3. houtine screening, history, and physical
on an asymptomatic individual, e.g., '
school or athletic evaluations 79 4,6

4. Followup of and resolving acute problem
that has been under treatment 302 17.6

5. FEvaluation of new minor, but symptomatic
problems related to a particular organ
system, URI, urinary tract, etc., with
little potential to become severe prob- 1108 64,7
lem or chronic disease process with lit-
tle potential for mortality

6., Evaluation of new moderately severe
problem with potential for deterioration
to severe problem or to disability or
chronic disease process with moderate 84 4.9
potential for mortality

7. Evaluation of acute problem producing
severe symptoms or potential disabilicy 6 R
or a chronic process with high potential
for mortality

8. Evaluation of continuing severe problems
of life threatening proportions requiring
analysis of several diagnostic and thera- 1 01
peutic possibilities and frequent eval-
ulation of course and therapy

1712 100.0

Unreported severity 292

Total cases 2004
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Conditions involving the ear, circulatory system, accidents
and genitalia tended to be rated as more severe than the aver-
age of all conditions.

The severity of the cases was homogeneously distributed
among age groups as well as throughout the months of the period
(July to December).

VI.A.4.f. Change or confirmation of the health aide management plan

In half the cases (categories 1 and 2) the health aide,
in the opinion of the doctors, had planned, or could have plan-
ned correctly on his own judgment. Of the remaining cases,
twenty percent required minor changes and thirty percent major

changes. (Table VI-5)

Table VI-5 Health Alide vs Doctor Treatment

(n = 2,004)

Number of Per-
consultations centage

Confirm health aide treatment 481 30.4

Suggested treatment, but aide could

have managed 331 20.9

Made minor treatment change 288 18,2

Significant change or addition to :

management 484 30.6
Total veported cases 1,584 100.0
Unreported 420

Total cases 2004
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There was a direct relationship between high severity ratiug
and suggested change in management by the physician. In the less
severe cases, the health aide management was confirmed 1n wost
casei; in the more severe cases, significant or major changes were
frequently suggested by the doctors. (Table VI-6)

There are obvious differences in the rate of confirmation and
change among the different health aides. The rate ranged from one
aide with only one case requiring change in management to another
extreme example in which 63.3 percent of the céses required changes,
often major ones, in the treatment. In fact, the best performance
among the health aides was very close to the rate obtained hy the

registered nurses over the same system. (Table VI-7)

Table VI-~6 Change in the Plan and Severity of the Case

Health Aide management plan confirmation in
number of episodes

Severity Categories Confirmed  Suggestion Minor Major
Change Change

Low (1,2,3) 99 36 9 2
Middle (&,5) 364 281 254 448

High (6,7,8) 18 13 251 34
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Table VI-7 Comparison between Registered Nurses and Health
Aides in Management Plan Confirmation

(in percentages)

Confirmed Suggestion Minor Major
Change = Change
Mean for registered
nurses 36.9 30.0 17.4 15.5
Mean for two best
health aides 44,0 18.0 12,7 24.8
Mean for all health
aides 30.2 20.8 18.1 30.4

——

VI.Ab4.g. The effects on the outcome

In 70 percent of the 2,004 cases, the doctors recorded their
assessment of the effect of the consultation on the outcome of the
patient's problem. Criteria included effects on symptoms, well-
being, and’disability. In most of the judged cases (58.2 percent),
a definite effect was predicted. (Table VI--8)

It 1s convenient to introduce here a caveat with respect to the
interpretation of the predicted outcomes. It is conceivable that
the value of consultation will be overrated in favor of the health
provider and therefore the value of these predictions is limited.
However, we consider it desirable to have some estimates of thié
sort.

There 1s a direct relation between severity of the prob~-
lem and effect predicted on the outcome. Définite and marked
effects were predicted for more than 75 percent of each of the
four highest categories of severity,‘but for only 40.5 percent

of the cases In the less severe categories.
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TABLE V1i-8 Predicted Effect of the Consultation on the Outcome
in percentages
(n = 1,398)

s ——— ——

No effect on eventual outcome 6.8

Some effect; probably only relative to symptoms,

probably not influencing future disability 34.2
Lefinite effect related to the future well-being
or prevention of disability 58.2
tarked effect, possibly lifesaving or prevention
of major disability 9.9
160.0%
Cases with opinion recorded 1,398

Cases with no opinion on ef~

fect of outcome 606
Total cases 2,004

As might be expected, the doctors predicted a definite ef-
fect in most of the cases (77 percent) in which they suggested
a major or significeant change in treatment. The interesting point
is that they also predicted that consultation would have a def-
inite effect on 23 percent of the cases coded "confirmation
of the health aide treatment". A plausible explanation could
be that they felt the confirmation would reinforce the health
aide's confidence about his own treatment plan. Data from the
health aides' questionnaires showed that seven out of nine men-
tioned the contact with the doctor as being the reason for feel-

ing more confident than before.
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VI.A. 5. Jfravel Authorization

It 1s important to provide quick transportation service to the
hospital when needed. The satellite radio has provided reliable means
(Ch, V) to call for that service.

But can the satellite radio system improve the accuracy of decisions
about transfer.‘both reducing the need for transfer while not missing
cases requiring transfer overlooked by the health aide? Furthermore,
can it.improve the benefits of the transfer by facilitating earlier
discovery of symptoms and early transfer to the hospital when
required?

The issue of travel authorization was considered in 9 percent of
the cases. Travel was authorized to a central facility in 19 percent of
these cases, or 2 percent of the total. This means there were about
five authorizations per- month, one urgent and four routine.

Different diaénoses have differing frequencies of travel consid-
eration. Genitalla and breast problems, musculoskeletal and connec-
tive tissue, dental difficulties, and accidents form the categories with
the highest proportion of cases considered for transfer (about 15
percent). For the five most common diagnoses the proportion of
"travel consideration" 1is quite different, accidents and 1l1l-defined

symptoms having the higher rates. (Table VI-9)




-70-

—

Table Vi-9 Percentage of Cases with Travel Consideration
for the Five Most Common Problems

- — aa by

Total Number Percentage Considered
Consultations Not Routinely Authorized
Authorized Authorized ---urgent
Accidents 157 14.0 1.9 1.9
I1l11-defined
symptoms 203 10.3 ] 1.0
Resplratery 356 3.7 1.4 .0
Skin 184 2.7 .0 .0
Ear 188 1.1 .0 .0

The number of travel requests per village did not seem to relate to
the amount of authorized travel, For example, in some villages
travel was approved in less than 7 percent of the considered cases
while in another village travel requests were honored 35 percent

of the time. This has been a sensitive issue. 1In fact, in

the Uecember 1973 meeting of the Tanana Native Health Board,

a request was made that the health aide be allowed to authorize
travel, and authority was granted with some guidelines and con-
straints.

A comparison between data about "travel consideration' and
"travel authorization" shows a significent decrease between the
records for the period FY 1971 and the ones for the last half
of 1973, This decrease appears both in the number of considered
cases, and in the number of authorized cases. PFowever, data about

hospital admissions, showing no significant differences between
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those two periods (Ch. VI.C.), reduce the meaningfulness of

that change. In fact, the doctors at the Tanana Hospital said
that reductions in travel authorizations were due to budget limi~
tations. Such limitations could also have caused the reductions
in the number of cases in which travel was considered but not
authorized. Knowing the restrictive policy about authorization,
the health aides would probably not consider many cases for which
they would otherwise have requested authorization.

However, the fact that admissions to Tanana did not decrease
svgpests Lhat a similar number of people traveled from their vil-
lages to the hospital. The doctors consulted said that even
1f the payment of the travel i1s not authorized over the radio,
the people travel on their own, and once at the hospital they
try to be refunded. As a matter of fact, given the financial
restrictions, the doctor said that the authorizations to travel
at THS expense during 1973 were reduced to only those cases
in which the patients needed to go to the hospital for clin-

ical reasons, but were financially unable to do so.

VI.B. THE HEALTH AIDES
Vi.B.l. Background
How do the health aides function in this biomedical communi-
cation system, and how does ability to communicate regularly with
the doctor affect the services they provide to the villagers?
Alaskan health aides number 185 indigenous auxiliary workers,
setving in 156 remote villages. In the words of a previous director

of the Alaska Area Native Health Service "These community health
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aides, practically all of whom are of native extraction, are the truc
cornerstone of the health delivery system." (Wilson, 1972) They arec
'selected, supervised and paid by their own village councils, and
the Public Health Service contracts with the villages for their
monthly services (monthly salary: $400-$510). They are trained

in Anchorage, Bethel and ﬁome for a few weeks, and they continue
their training in the villages, guided by visiting public health
nurses. The total period of formal (not 'on the job") training
runs eleven weeks and 1s divided into four sessions. Each session
is planned so that the aide will not have to be away from home and
fanily for more than four weeks at a time. Curriculum is problem-
orlented and consists of approximately fifty percent practical
clinical teaching. Most aides have completed training |

at the third level. The aldes are provided with a selection of
appropriate drugs with detailed instructions. fracticallf.all of
them have in their kit an otoscope, thermometer, stethoscope, baby
scale, sphygmomanometer, and hemoglobinometer. They have and use
occasinnally the "Health Aide Manual." Cold spots of the house
serve as regrigerators. They have had (in 1972) an average of
about eight years of experience on the job and their formal educa-
tion on the average has been at the elementary school level. The
average age in 1972 was 42 years. They tend to stay on the job as
health aides for a long time and since their work and family are

in the village their migration is small. This contrasts sharply
with the high turnover of highly trained medical personnel in rural

Alaska. The public health nurses and physicians from the hospital
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visit each village about ten timer a year, providing ambulatory
care and advisory service. (Haraldson, 1973a)

The community health aide i{s responsible for all health care
during the long periods of time when there is no physician or nurse
in the community. This responsibility includes first aid and
services for acute illness and injury and care of chronic diseases.
The aide may attempt to contact the Service Unit Hospital daily
during scheduled medical traffic. Most aldes have access only to
HF radio.

As 1s shown later in this chapter, except for the villages
that have a link through the satellite radio, contact with the
doctor is not as frequent as is desirable. In the Tanana area,
the health aides equipped with satellite radios contacted a doc-
tor an average of 24 days per month, while the aides using HF
radio contacted the physician only about twice a month.

Dr. Fortuine reports better performance for the HF radio system in
the Betfel Service Unit. (Fortuine, 1969) The shorter distances
between villages and hospital and the more southern location of the
Unit probably account for that difference.

VI.B.2. Results

How did the health aides use this improved means of communication,
and what are 1its effects on the health care provided?

A typical health aide with a satellite radio makes 309 contacts
per year, including 250 patient consultations and 281 medical
administrative matters. In an average month, with about twenty
consultations, fourteen refer to acute problems, four to acute

followups, and two to chronic management. (Table VI-4) Meanwhile,
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the health aide at the non-satellite villages in the Tanana repion
consults on only about twenty cases annually. (Table
VIi-1)

Information recorded by the doctors about each case shows that in
half of the cases the consultation results in minor or major changes in
the health aide's management plan for the patient. (Table VI-5) These
data agree with the opinions given by the health aides at satellite
villages. Eight out of nine said they changed treatment some of the
time after the conversation with the doctor. In the non-satellite
villages, the proportion of such answers was the reverse, and most
said "never" when asked how often treatment is changed by radio
consultation. These answers may be more a reflection of frequency of
doctor contact than the content of the consultation or the aide's
competence. A‘health alde who can never reach the doctor will never be
able to change treatment as a result of talking to the doctor. (Hudson,
1972)

The doctors reported that, in their opinion, in nearly 60 percent of
‘the cases, the consultation would have a definite effect on the outcome,
related to the future well-being or prevention of disability of the
patient. (Table VI-8) '

It was practically impossible to get the busy health aides to f111l
out additional records of their activities. The following data have
been gathered from the records of Bertha Moses at Allakaket, for the
months of January and February 1973. As her activities fall close to

the statistical mean for most of the indicators of health aide



communication behavior, these data can be considered representative of
the sample.,

The patients discussed over satellite radio do not comprise the
entire spectrum of patients managed by the health aide. The records of
the "representative' health aide in a satellite village showed that in a
two-month period she served about 40 percent of the village pop-
ulation, and that in two-thirds of the cases the patients seen were
discussed with the physician during doctor~-call. The records also show
that in her case just one radioconsultation was enough to handle the
case in three out of four individual patients,

For some kinds of situations, the health aide tended to rely more
upon the consultation with the doctor, and in others, independence was
the rule. Otitis media, respiratory problems and dermatological
problems were the categories about which she felt it necessary to .
consult. On the other hand, with gastrointestinal problems, for
instance, management was usually accomplished independently.

In terms of therapy, there were two distinct categories: first,
those in which the health aide consulted most of the time
(antimicrobials, antibiotics and sedatives); and, second, those in which
autonomous function was the fule in more than two-thirds of the cases

(analgesics, antihistamines, topicals).

VI.B.2.a. The importance of having the transceiver at the

health aide's home: Transceiver accessibility is a factor in the

frequency of radio contact with consultant physicians. Physical and
psychosocial barriers may be imposed when the radio is located outside

the health aide's home In locations such as the school or the community

hall.
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The transceivers in the satellite villages were all instailed at
the homes of the aides. Some of the HF radio transceivers in
non~satellite villages were located outside the aide's homes, and some
in their homes. It was therefore possible to make a comparison between
the latter locatiéns. This comparison of usage based on location showed
that when the transceiver is located outside the health aide's home,
tre proportion of contacts completed is reduced by half. (Table V-2)
However, the best rating for number of contacts completed for radios in
the home in non-satellite villages, 42 percent of the days, is signifi-
cantly smaller than the worst rating for satellite villages (64
percent), It would appear, therefore, that although location of the

radio in the aide's home increases the number of completed contacts,

radio reliability is still the most important factor.

VI.C. EFFECTS ON HOSPITALIZATION RATES
VI.C.1. Background

This chapter discusses the effects of improved health care
communication for Alaska villages on hospitalization rates.

It is difficult to find good health status indicators for
these villages concerning health care delivery or the population's
health. One possible indicator is the number of native patients
from the villages who are admitted as inpatients in the main hospi-
tals serving the natives of that Service Unit, and the average
length of their stay in the hospital.

VI.C.2. Methodology
A comparison of the differences in number of patients and

average length of stay during the ycar before and the years after
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the satellite ground stations were installed, with those native
villages iu the Service Unit without satellite radios as controls,
would satisfy most of the conditions of a quasi-experimental design
of the form "pre~test/post-test with control group." (Campbell and
Stanley, 1966, p. 13)

The villages reached by the satellite radio were not selected
at random; therefore, it is possible that the satellite and non-sat-
ellite villages have dissimilar characteristics. We know, for in-
stance, that the mean population varies from the experimental
group to the control group, the latter consisting of significantly
smaller villages. (Experimental group, native population mean,
139; control group, native population mean, 94,) In these analyses,
the differences are assumed to have no influence over the pro-
portion of people who go to the hospitals from each of these villages.

In the control group, all the remaining villages with pre- |
dominantly native population in the Tanana Service Unit were included.
(See Table VI-10 and Attachment VI.4)

The Tanana Hospital and the Anchorage Native Medical Center are
the main providers of hospital care for native people in these
areas. However, they are not the only hospitals used. Two hos-
pitals at Fairbanks are often used, and some natives prefer to go
to private physicians. However, we have considered the two analyzed
hospitals for which data are available, Tanana Hospital and Anchorage
Native Medical Center, as representative of the éroup for this pre-

post analysis.
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Table VI-10 Population of the Villages
Total Total Average Mean of total
Population Native Native native popula-

Population percent tion per village

Satellite Villages 95.93 139
Allakaket 174 168
Anaktuvuk Pass 99 97
Arctic Village 85 82
Chalkyitsik 130 123
Huslia 159 151
Nulato 308 298
Ruby 145 134
Stevens Village 74 72
Venetie 112 108 °

Non~satellite Villages 76.06 94.2
Beaver 101 86
Cantwell 62 43
Circle 54 32
Eagle 86 65
Hughes 85 73
Kaltag 206 193
Koyukuk 124 121
Minto 168 159
Nenana 362 149
Rampart 36 .21

1,283 942 85.49 114.5
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The data for the following analyses have been gen=srously supplied by
Theodore Vieixa, Director, Office of Systems Development at the Alaska
Area Native Health Service. These data refer to the patients admitted
to those hospitals during the Fiscal Years 1969/70, 1971/72, and 1972/73
(FY 1970, 1972, 1973). In the original data, the cases are classified
into 72 categories of primary disgnosis. We have collapsed these 72
categories into 21 groups following the code being used by the Native
Health Service. (Secondary and tertiary diagnoses have not been
congidered.) In some of the analyses, we have grouped diagnoses:
those in the first group have a clear, physiological origin and
manifestation (digestive, respiratory, circulatory, etc.); & second
group includes problems related to socio~behavioral events (mental
disorders, results of accidents, poisoning, and violence); a third group
includes a1l admissions related to conditions of pregnancy and delivery;
and a last category, a residual one, includes the patients diagnosed as
"symptoms and ill-defined conditions" and those admitted for
supplemental care. (A list of categories included in each group is

enclosed as Attachment VI.8.)

VI.C.3. Analysis of the Results

VI.C.3.a. Admissions: Comparing the number of patients from
satellite villages admitted to both hospitals before and after the

installation of satellite ground stations shows that there was

no significant change and the overall trend shows stability. (Table VI-11)
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Table.VI-ll Patients Admitted to both Hospitals Who Reside
in Satellite Villages

(all diseases)

Before ‘ After
FY 1970 FY 1972 FY 1973
Tanana Hospital 197 230 1198
ANMC 58 48 78
Both Hospitals 255 278 276

The same kind of stability appears if we separate the different
groups of diagnoses as described in Attachments VI.5, VI.6, and VI.?7
and as shown in Table VI-12, below.

Table VI-12 Patients Admitted to both Hospitals who Reside
in Satellite Villages According to Different
Groups of Diseases

Before After

FY 1970 FY 1972 FY 1973
16 Categories of
diseases 131 141 134
Socio~-behavioral |
problems 57 44 55
Pregnancies 21 21 23
111-defined symptoms
supplemental care 46 72 64

Totals 255 278 276

- —.
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However, when these figures are compared with the ones corre-
sponding to the non-satellite villages, the control group, it is
clear that there are different trends influencing the groups. While
the figures for satellite villages remain stable, the number of pa-
tients hospitalized in native facilities from the non-satellite group

drops 42 percent from February 1972 to February 1973. (Table VI-13)

—— ETE T VPP —

Table VI-13 Patients Admitted for All Diagnoses in both
Hospitals, Residing in Satellite
and Non-satellite Villages

Before After
Satellite Satellite
FY 1970 FY 1972 FY 1973
Satellite villages
(experimental group) 255 278 276
Non-satellite villages
{control group) 185 182 109

What is the reason for that sudden drop in 1973 in the number of
patients admitted to ANMC and Tanana Hospital from non-satellite
villages? There 18 no evidence from the available data about a sud-
den reduction ;n the population of the control villages, nor about
a major improvement in their health level in absolute terms nor in
comparison with the group of satellite villages. Therefore, those
hypotheses as possible explanations of the drop in admissions for
the control group seem very unlikely. One alternative hypothesis
can be suggested: Many patients in non-satellite villages could

have switched to Medicare and/or Medicaid, an option for natives intro-

duced during 1972. Directed from Juneau, these services provide free
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medical services for some persons with low income, the blind, the dis-
abled, the elderly, and families with mauy dependents, usually through
private facilities and physicians.

This hypothesis implies that the villages served by satellite radio
prefer the IHS system to the private care sector, while those served
by the IHS, but without the satellite link between village and
hospitals, are shifting their utilization to the private sector now that
financial barriers have been removed.

There is an additional indicator suggesting the viability of this
hypothesis: the number of female villagers who have chosen the IHS

hospital for pregnancy treatment and delivery. Table VI~1l4 shows these

figures.

Table VI-14 Admission for Pregnancy Problems and Delivery
in both Hospitals from Satellite and Non-~
Satellite Villages

Before After
Satellite ' Satellite
Patients residing in FY 1970 FY 1972 FY 1973
Satellite Villages 21 21 23
Non-satellite Villages 10 14 1

One alternative hypothesis was proposed as an explanation:
the influence of the white villagers in the control group on their
fellow native villagers. Whites who had Erevieus experience with
Medicare and Medicaid may have advised the natives to use them when
they became eligible in mid-1972. Given that in several 'control'
villages the proportion of whites is higher than in the other

'control’ villages, this explanation seemed plausible. Therefore
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it was Ceéted by comparing the villages with at least 30 percent

white population vs. those with less than 30 percent white

population, for their admission rates to the Indian Health Service
Hospitals., 1If the '"more than 70 percent native' villages had no
decrease in admissions, while the "less than 70 percent native" villages
had a decrease this would suggest that the preference for Medicaid and
Medicare over the IHS hospital was at leaét sparked by the white |
villagers' advice or other influence. The data show that there

was no demoustrable difference. The drop was equally great for

both groups of villages. However, there were variations between the

hospitals, with Tanana showing the greater drop.

Table VI-15 Admission to Hospital of Native Inpatients
Residing in Control Villages

Tanana Hospital ANMC Both Hospitals
'70 '72 '73 '70 '72 '3 '70 ‘72 '73
More than 707%
native villages
(Kat.pop: 92.4%)
(n: 5 villages) 103 129 66 40 29 28 143 158 94

Less than 70%

native villages

(Nat.pop: 46,3%)

(n: 4 villages) 10 11 5 25 17 10 35 28 15
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As there is no evidence of differential trends in birth rates, and

as both groups otherwise are similar in distance to the hospital, ac-
cess to other services, Medicaid and Medicare, percentage of native
population, and air transport facilities, it is possible to suggest
that improved telecommunication has resulted in higher acceptability
of the IHS system and preference for it, when the choice of private
services is available on an equal~cost basis.

An additional hypothesis is that the villagers at the control
villages could have left the service in higher proportion because they
felt left out of the mainstream by not being included in the satellite
network, It would be interesting to control for the behavior of
villageré outside the Tanana Unit, to be able to generalize the trend
detected for the control villages in the Tanana Unit, The necessary
delay in obtaining that additional data prevented us from doing that
analysis.

VI.C.3.b. The average length of stay: Another indicator of the

possible effect of improved telecommunication on medical care was the
change in the average length of stay (ALOS) of the patients at the
hospital. A plausible hypothesis is that with daily access to the
doctor, the cases requiring hospitalization can be detected at an
earlier stage, and therefore would require shorter hospitalization;.
Also, ease of follow-up by radio might encourage the physician to
discharge patients earlier. For this comparison, we have chosen the
group of "16 categories of medical diseases' as the best indicator,
because they account for 60 percent of the 16,254 hospitalization days,
and for 52.5 percent of the patients reported for the three years under

study.
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Table VI-16 Average Length of Stay of Patients before and

after at Tanana and ANMC Hospitals (in days)

Before Satellite After Satellite
FY 1970 FY 1972 FY 1973
TANANA HOSPITAL
, Satellite Villages 8.3 8.3 11.7
Non-satellite villages 6.8 10.6 13.6
ANMC
Satellite villages 26,9 19.7 17.6
Non-satellite villages 29,2 21.4 22.7

The analysis of the data shows that the trends for each hospital differ.
In the Tanana Hospital, where the less complex cases are treated, the
ALOS has increased in the four year period between 1970 and 1973. At
the ANMC, where the most complex cases are treated, the ALOS has been
reduced. (Table VI~16) Two main reasons seem to account for these
overall trends. First, in 1970 the quality of physician care at Tanana
Hospital was not as high as it is at present} hence, many more cases
were transferred elsewhere (e.g. to the Anchorage Native Medical
Center). Second, the availability of beds at Tanana at lower cost to
the IHS than contract payments to Fairbanks has resulted in long-term
patients being transfetréd to Tanana.

'It is Interesting that in both cases the ALOS is lower for satel-
lite than for non-satellite yillages. Furthermore, for the satellite
villages, both the increase at the Tanana Hospital was smaller; and the
decrease at ANMC was greater, than the parallel comparisons for the
non-satellite villages. !lowever, it would be dangerous to infer too

~much from these figures, because their statistical significance is

Q tenuous, and because there are no figures available about patients from
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non-satellite villages who may have left the Indian Health Service to
seek care from private physicians and hospitals. It is not.possible to
assert confidently that the sample for 1973 is comparable to the one for
1970. For instance, the patients may seek care through private sources
for their less serious ailments.

These differences appear also for the category of supplemental care
and {ll-defined cases (19.5 percent of the total number of patients and
11.7 percent of the total hospital days). There were no identifiable
changes in the ALOS which can be related to the satellite link for the
admissions due to pregnancy and delivery, nor for the socio-behavioral
cases. Favorable trends that appeared in the first year, even
statistically significant ones, did not hold for the fiscal year 1973,
the second year after the satellite ground stations were operating.
VI.D. CONCLUSIONS

Although the data in Tables V~1--3 show dramatic increases in
the frequency of contact and the number of new cases treated, they do
not in themselves demonstrate improved health care. Given the
small number of villages involved and the difficulty in record-
keeping at the village level, it is not easy to demonstrate
a statistically significant improvement in mortality or morbidity
rates. Nevertheless, the data do show that health aides
can consult a doctor on most days when there is a patient in need
of medical attention, and that the number of cases treated by Pub-

lic Health Service doctors has significantly increased. In the
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first-year evaluation report, the only additional supportive data
were rvesponses of doctors and health aides to a Stanford question-
naire, in which all said that they were convinced that the quality
of health care had improved.

Additional data and analyses now reinforce the coaclusion
advanced in previous reporgs that health care has improved as a
result of satellite radio communication. There has been an increase
in supervision; health aide records show that health aides discussed
two out of three of their cases with the doctor including the most

complex or important ones. These resulted in increased professionalism

in the diagnoses and treatment, as well as increased changes in the
management plan of the patient. The absolute number of completed con-
tacts and episodes consulted increased up to 500%. In terms of
efficacy, there was an improved capacity to handle emergency cases and
to solve administrative and supply requests. In terms of inferred
outcomes, significant positive effects were expected

as a result of the consultations. In terms of consumer acceptance,

anecdotal and indirect information about patient reassurance suggest

an increase in acceptance. In terms of loyalty or adherence to the

system, tentative findings suggest that residents in satellite
villages tend to remain in the IHS system, while residents in villages
without reliable medical communication may select alternative sources
of health care. Taken as a whole, this evidence supports the chain

of inference that improved communication between doctor and health

aide leads to improved health care.
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CHAPTER VII

EVALUATION OF HEALTH AIDE EDUCATION VIA SATELLITE

VII.A. BACKGROUND

The health aides have their formal training at the ANMC in
Anchorage in four one-month-long sessions. But, at least as impor-
tant for their medical éducation, is the on-the~job tvaining. The
visiting doctors, nurses, and speclalists cooperate with them and
offer their knowledge to the aides.

It was considered that the daily consultation with the doctors
could have an educational effect on the health aides using the
satellite. They not only discuss-~although briefly and in a pre~
scriptive mode (see Recommendations, Ch., XII)--their own cases, but
they also listen to the cases discussed between the other health
aldes and the doctor.

VII.B, METHODOLOGY

To study whether or not the radio consultation service had had
a learning effect on the health aides, their performance in terms
of treatment plan confirmation or modification by the doctor was
compared. (Ch. VI.A.4.f) It was assumed that if the health aides
-who had been using the satellite radio longer had a higher confir-
mat ion-to-change rate than those who had recently started using
them, given equal training and practice, the difference might be

due to the knowledge they acquired listening to the doctor-call

every day.
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Tte nine health aides who had used the satellite since August
1971 were compared with the four health aides who had begun using
the satellite about three months prior to the period under analysis.
VIL.C. RESULTS

The results show a minor difference in favor of the more experienced

aides,

TABLE VI1~1  Comparison between Health Aides with Varying
Experience in Satellite Radio Usage (in per-
centages) for period July - December 1973

Doctor's Response to
Health Aide Management Plan
Confirmation Suggestion Minor Major
Change Change

More experienced health _
aldes (since August 1971) 29.9 . 20.4 17.8 31.9

l.ess experienced health
aides (since April 1973) 25.0 20.0 21.3 33.8

Nunber of Cases = 1,574

Unreported 430

Total

2,004
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1t is possible to suggest that in the first few months the health
aides who listened to one daily hour of medical communication
quickly reached a plateau after which incremental learning
was slight. Since this part of the evaluation did not begin
until three months after installation in the four new sites,
~an early, more apparent difference may have been missed.

The answers to the questionnaires for health aides (Hudson,
1972) gave additional information about learning. While
six of the nine health aides using satellite radio could
name somcthing specific they had learned from listening to
medical traffic, none of the aides from the non-satellite vil-
lages could think of anything they had learned. Among the ex-

amples given from the satellite villages were:

"If otitis media has not stopped draining at 7 days, the
antibiotics should be continued and not stopped; also

cortisporin should be continued."

"Penicillin {s wested for colds. Triple sulfa may cause

kidney stones if people don't take lots of water."

A health aide commented: 'I learn a lot from listening to other
health aides report things. I try to answer it myself and see if

I am right."
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CHAPTER VIII

EVALUATION OF DOCTOR-TQ-DOCTOR CONSULTATION BY SATELLITE

VII1.A. THE ST. PAUL-ANCHORAGE LINK

St. Paul and St. George, the main Pribilof Islands (1970
population 613, of which 584 are natives), are located in the
Bering Sea between the Bering Strait and the Aleutians, about
300 miles west of the Alaska mainland. The doctor lives on
St. Paul, the'larger of the two islands. St. George Island,

40 miles away, 1s staffed by one registered nurse. Transportation
between the two is via Government supply ship four times a year, or
by charter aircraft, weather permitting. HF radio links the islands.

The 613 inhabitants of St. Paul and St. George Islands in the
Bering Sea are served by one physician. The ATS-1 satellite
now links this physician to the Alaska Native Medical Center in
Anchorage. The satellite channel is available on a daily basis
for consultation between the physician and his specialist col-
leagues, and for administration and travel requests.

In this section data are analyzed to assess the value to the
islanders of this service which provides direct access to the med-
ical talent centralized 800 miles away in a large regional refer-
ral center.

The evaluation focuses on three topics:

1. Reliability of the service: 1Is it possible to contact
the specialist soon enough to make a difference to the

case and as frequently as the case requires?
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2. éapacity of the service: Is it possible to transfer all
the necessary information within the limitations of the
channel?
3. Utility of the service: Does the communication make a
difference in the treatment and outcome of the case?

The data show that the satellite link is providing relia-

ble communication with sufficient capacity to handle the informa-

tion required by the remote doctor for most patient problems, and

that this service 1s significantly affecting thelr care and treat-
ment,

The following is a summary of the findings which are analyzed

in detail in the forthcoming sections.

The communication link was used on two-thirds of the days in
the period under analysis,

All contact had signal qu:lity ranked in the two top cate-
gories for both strength and intelligibility.

In an average month there were six patient consultations and
about fifty administrative exchanges.

The average time elapsed in a patlent consultation was six
minutes, and three minutes for each administrative matter.

The annual rate of consultation is about 130 per thousand
population,

Most of the consultations referred to moderately severe prob-
lems, with potential of deterioration to disability or mortal-
ity. The ceses were moderately urgent, but not urgent enough
to make a delay of a few days to one week In the consulta-

tion result in "predicted significant deterioration."
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Treatment and diagnosis were the most common primary pur-
poses of consultation with patient motivation and reassur-
ances being almost insignificant, but M.D. reassurance
was also considered gignificant in helf of the cases.

Transfer of the patient and/or change or institution of treat-
ment were the typical results of the consultation.

In all but one case for which the remote doctor suggested a
transfer, his opinion was confirmed by the consultant.

In several other cases, the consultant suggested a trans-
fer, although the remote physician previously had not
thought it necessary.

In the doctors' opinions, in most cases neither facsimile,
EKG, nor audiovisual transmission would have materially
improved the consultation. In 20 percent of the instances
the consultant thought the latter feature would probably
have been valuable,

The consultant doctors rated the value of the contact as being
moderately to very valuable in the management of the specific
patient, while the doctor at St. Paul tended to be slightly
more conservative in his ratings.

There was a similar discrepancy between the remote physician
and the consultants on the effect of the consultation on
the predicted outcome. The consultants asserted that in most
cases the consultation would have a definite effect re-
lating to future well being or prevention of disability,
while the St. Paul doctor recognized some effect, but was

more skeptical.
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VIII.E. METHODOLOGY OF ANALYSIS

The two basic sources of information used in thie analysis were the
logs of the Minitrack station at College containing data about daily
contacts, signal quality, message content and time elapsed, and the
responses to questionnaires filled out by both the doctor on St, Paul
and the consultants at the ANMC.

The Minitrack log analysis covers the period between February and
December 1973. The questionnaires were filled out between August and
December 1973. During this latter period there were thirty
teleconsultations between St. Paul and Anchorage. Coples of the St.
Paul doctor's questionnaire and the ANMC consultants' questionnaire are
Attachments VIIT.1l and VIII.2. -The consultants reported on 29
consultations and the St. Paul doctor on 17, Together they covered
all thirty teleconsultations for that period.

VIII.C. ANALYSIS OF THE RESULTS

VI1E.C.1l. The Exchanges

There was radio contact between the doctor at St., Paul and
the consultants at the ANMC on roughly two~thirds of the days in
the reported period from February to December 1973 (186 out of 307).
Practically all the contacts had a signal quality ranked in the
two top categories on a scale of five for both‘strength and in-
telligibility. There was an average of six patient consultations
per month, each one about six minutes long. A typical month also
had 53 administrative exchanges (about two per day), for a duration
of nearly tﬁree minutes each.

Compared to the Tanana Village health aide-to-doctor exchanges,
the doctor~to-doctor exchanges were less frequent, twice as long,

and concerned a smaller proportion of cases.
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Table VIII-1 Comparison between Alde-to~Doctor and Doctor-
to-Doctor Lxchanges

Alde~to-Doctnr Doctor-to-Doctor

Annual patient radio con-
sultation per capita 2.0 0.13

Minutes per contact 4 12

Minutes per patient
consultation 3 6

Minutes per administrative
matter discussed 1 3

“he smaller number of cases and the longer time in the doctor-
to-doctor exchanges probably reflect the fact that the doctor
needed to consult on only his most complex cases, and that his
aduinistrative requests required a more detailed interaction, espe-
cially because most of them dealt with the building of the new clinic.

VITI.C.2. Description of the Cases Consulted

A wide range of problems was covered by the consultations (list
of diagnoses attached as Attachment VIII.3). The doctors rated cases in
terns of severity of the problem, urgency and purpose. All thirty
consultations during the period are included in the analysis.
VITI.C.2.a. Severity: On a five-point scale describing severity of
the symptoms and the potential for deterioration and mortality, both
the consultants (in 55 percent of the cases) and the St. Paul
doctor (in 35 percent of the cases) marked the middle category
more times than any other.
About 10 percent of the cases were considered severe problems

of life-threatening proportions, and about five percent were a

simple question.
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The cases of greatest severity were dilagnosed as carcinoma
of the colon-rectum, a coma of unknown etiology, pancreatitis,
and a perforated ulcer. In the next most severe category they coded
ischemic heart disease, a ruptured ocular globe, and a gastro-
intestinal hemorrhage. (Table VIII-2)

VIII.C.2.b. Urgency of the cases: A delay of just one day in 15

percent of the cases would have meant substantial risk to the patient
in the doctor's opinion. For another 45 percent of the cases, a
delay of a few days might have resulted in éignificant worsening,
and for the ramaining 40 percent, the reports indicated that a
delay of one week would not have affected the outcome, In
summary, 85 percent of the cases could have been delayed at least
two or three days with no significant risk.
Considering the proportion of days contacted and the estimate
that in only 15 percent of the cases (Table VIII-3) a delay of up
to a day would have meant a substantial risk to the patient, it
can be asserted that In nearly all cases consultation was obtained
as soon as 1t was required.
However, in one case (out of thirty) the remote doctor had to use an
HF radio to consult about a perforated gastric ulcer. This was the only
case of a critical emergency in the whole period. That particular
transmission was on a Saturday, when there is normally no satellite

consultation with ANMC. The quality of the HF radio transmission was

very poor.
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VIII.C.3. 7The Content of the Radioconsultations

VITI.C.3.a. Methodology

In August 1973, nevw forms were introduced to enable m;re elaborate
evaluation of the doctor-to-doctor exchanges (see Attachments VIII.l and
VI1I.2). For each consultation, both the doctor at St. Paul and the
consultant physician at ANMC had to describe or evaluate the severity of
the case, its urgeacy, the purposes of the consultation, and its
result in terms of suggestions, management of the patient, and pre-

dicted effect on the outcome.

VITI.C.3.b. Analysis of the results

During the fiye months reported (August to December) there were
thirty patient consultations evaluated by either one doctor or
both. About half of them (16) were evaluated by both doctors, al-
lowing a contrast of their opinions as an indicator of the reliabil-
ity of the data, and a comparison of their different perspectives,

In that five-month period, the 1solated doctor on St. Paul need-
ed to consult about topics in general mediciqg in one~third of the
cases. Seven other specialties accounted for the other two-thirds
(surgery, orthopedics, pediatrics, mental health, obstetrics-
gynecology, otolaryngology, and ophthalmology). Eighteen different

specialists from ANMC were his consultants,
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Table VIII-2 Severity of Cases Requiring Teleconsultation

St. Paul Doctor Consultant
According to nel7 n=29

1. A simple question about an es-
sentially asymptomatic individual,
i.e., about medication, preven-

tive management, such as immuniza- 1 1
tion or the use of a household
remedy,

2. Evaluation of a minor but symp-
tomatic problem relating to a
particular organ system, for in-
stance URI or urinary tract in-
fection with little potential to
become a severe problem and .little 4 4
potential for mortality.

3. Evaluation of a moderately severe
problem with potential for deter-
ioration to a severe problem or to 6 16
disability or chronic disease with
moderate potential for mortality,

4. Evaluation of a problem producing
severe symptoms or potential dis-
ability or a chronic process with 5 4
a high potential for mortality.

5. Evaluation of a severe problem of
life-threatening proportions 1 4
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Table VIII-3 Urgency of the Cases Consulted

Urgeucy of the consultation according to: St. Paul Doctor/Consultant

n = 17 n = 29

1. Not at all urgent-~delay of one week

would not affect outcome re: health

status 5 14
2. Some urgency--delay of a few days

might result in significant wor-

sening 8 11
3. Urgent~-a delay of 24 hours would

have reant substantial risk to

patient 2 2
4. True ermergency existed 1 1
5. No response 1 1

-———

VITI.C.4. Purpose of the Consultation

"Treatment' (100 percent of cases) and "diagnosis' (75 per-
cent of cases) were the most frequent primary purposes, or "also
significant" purposes mentioned by both the consultants and che
St. Paul doctor. 'Preventive management' was also often rated
as a primary purpose.

(n the other hand, patient reassurance, and patient motiva-
tion were in most cases considered to be of little or no sig-
nificance. (The St. Paul doctor rated 76 percent and 65 per-
cent of the cases in these two categories, respectively.)

VI11.C¢.5. 7The Doctors' Evaluations of the Radioconsultation

Three main questions about the value of the consultation in terms of
management of the patient, objective results (such as changes,

suggestions, transfer), and effects on the predicted outcome were asked.
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Both the consultants and the St. Paul doctor agreed on the ohjective
results, but the consultants tended to rate higher both the value of the

contact for the management of the specific patient and its effects on

predicted outcomes.

VIIT.C.5.a. Objective results for management

Transfer of the patient (arranged or suggested) was the
most common result of the contact, occurring in about half of
the cases. Modification of the treatment was the effect in
about one~third of them; no changes in management, or merely
suggestions about diagnostic studies occurred in the remainder;
the remote doctor expressed his feeling that even in these cases

the consultation was reassuring.
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Table VI1I-4 Objective Results of the Consultation
for Management

Results of consultation*according to: St. Paul Doctor/Consultant

n=17 n =29

No change in management

ecommended 4 4
iagnostic studies sug-

pested 3 9
Change or institution

of treatment 5 10
Transfer arranged or

suggested 9 12

*More than one category was checked for some consultations

P ——— oa ~oan ——— ——
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VIIT.C.5.b.  Subjective evaluation of the consultation [n

terns of management

The consultants tended to rate the value of the contact In nanage-
ment of the patient higher than did the St. Paul doctor. The con-
sultants rated practically all the cases '"very valuable" or '‘mod-
erately valuable" while the St. Paul doctor gave lower ratings. In
fact, for about half the cases, he stated they were of minimal valuc.
However, in more than two~thirds of the cases change of location or
of treatment resulted from the consultations. Only further study
could assess which opinion, the consultant's or the remote physician's,
is more accurate.

VITI.C.5.c. Effects on predicted outcome

Again, the consultants were more favorable in their predictions,
stating that the consultations should have "a definite effect relating
to the future well~being or prevention of disability" in 48 percent of the
cases, and ''some effect probably only relative to synptoms, prob-
ably not influencing future disability" in only 27 percent. Ten
percent of the cases were placed in each of the extreme cate-
gories of '"no effect on eventual outcome" and "marked effect pos-
sibly life-saving or prevention of major disabilityf by both doc-
tors. Cases of angina, metabolic coma, hyperventilation, and a
perforated gastric ulcer were those in which the consultants pre-
dicted a marked major effect. Out of the 16 cases rated by both
doctors, seven were rated identically. 1Tn eight the consultants

predicted a greater effect than did the remote doctor.
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TABLE VI1I-S Effects on Predicted Qutcomes
According to: St. Paul Doctor Consultant
(nh =17) (n = 29)
No effect on eventual outcome 1 3

Some effect probably only rela-
tive to symptoms; probably not
influencing future disability 10 8

Definite effect relating to

future well-being or prevention
of disability 4 14

Marked effect possibly life-

saving or prevention of major
disability 1 4

No response 1 -

VIII.C.5.d. The need for additional communication capabilities

Satellites are technically capable of offering more than voice
transmission for medical teleconsultation (e.g., facsimile, ECG
and video transmission). But are thsse additional features
considered beneficial by the doctors?

It is hard to generalize about the convenience of hypothetical
features, and in this sense the following statements by the con-
sultants and the St. Paul doctor are less relevant than the opinions
of those who have actually used the features. On the other hand,
the professionalism of the respondents and their agreement on
responses give validity to their answers.

In about two-thirds of the cases both the consultants and the
St.. Paul doctor considered that neither facsimile transmission,
ECG and/or other physiological parameters, nor audiovisual trans-

© _ mission would have "materially improved the consultations". 1In
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most of the remaining cases (20 percent of the total) the consul-
tants considered that slow-scan TV one-way to Anchorage would have
done so. The St. Paul doctor, a hypothetical sender but not re-~
ceiver of the visual information, considered it valuable in only
12 percent of the cases, In other words, he rated his owr ability
to describe the case fully in words higher than did the consul=-
tants.

In the only true emergency (a perforated gastric ulcer), the
consultant strongly asserted that a better audio transmission would
have facilitated the management of this patient, but an audiovisual
transmission would have been ideal. (This consultation was accom-
plished via an HF radio.)

VIII.C.5.e. Differences in the perspective between the remote

doctor and the consultant

Both the consultants and the St. Paul doctor completed question-
nalres on sixteen of the thirty cases requiring teleconsultation dur-
ing this period. Part of the remote doctor questionnaire was de-
signed to be filled out prior to the contact and part to be filled
afterwards.,

A comparison of the sixteen cases rated by both doctors shows
that their evaluations and opinions tend to be similar in about
half of the cases for each category. For the other half, in the
three more objective categories--severity, urgency, and changes in
managenment--their discrepancies tend to balance each other, but
for the more subjective categories of effects on predicted outcone,
and value of this contact, the consultants were much more optimistic

about effects of teleconsultation.
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Table VITi-6 Comparisons betweer St. Paul Doctor and Consultant
Rating on Agreement St. Paul Docter Consultant Missing
higher higher data

Cage description

Severity 6 6 4 -
Urgency 7 4 3 2

Fffects of the tele~
consultation on:

Changes 1n

management 12 2 2 -
Fredicted

outcome 7 1 8 -

Value of the
contact 5 1 9 1

In terms of the agreement about which additional feature would have
been valuable, In eight cases (50 percent of the ones rated by both)
both doctors agreed that none would have materially improved the con-~
sultation; in seven cases they considered different features valuable,
and in only one case did they agree: Both felt that audiovisual

transmission would have improved consultation for a fractured tibia.
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TABLE VIII[-~7 Need for Additional Communication Features

According to
Consultation would have been St., Paul Doctor Consultant
materially improved by addition of: '

Facsimile transmission 2 2
ECG or other physiological parameters 1 3
Audiovisual transmission {(slowscan

TV one-way to Anchorage) 2 6
None of them 12 19

VILII.C.6., Ailr Transfer of Patients

The cost of air travel, especlally on chartered Flights, and its
vital significance to health care, make it highly important to ana~-
lyze any mechanism which could improve decision-making about air
transfer.

The Pribilof Islands are served by cne flight a week. One-way
fare to Anchorage fs $338. Chartering a flight would probably cost
four to five times as much.

In the doctor-to-doctor call the subject of possible transfer
appeared Iin many cases. Comparison between the St. Paul doctor's
prediction about need to transfer prior to contact, and the opinion
of the consultant during the communication, serves to measure the
value of this link both in saving unnecessary trips and assuring
necessary transfers,

In eleven of the thirty reported cases this subject arose. In
five of them the remote doctor's opinion differed from the
consultants. Of those five, four transfers were suggested or

arranged that were not previously considered necessary by the St.
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Paul doctor, The fifth case was previously rated as "nen-urgent
transfer necessary,' but the consultation avoided that transfer.

In six other cases, the remote doctor's recommendation of
patient transfer was confirmed by the consultants. Of these, only
one was urgent.

Based on these data, one might conclude that available radio
consultation backup to a remote physician might increase the num-
ber of evacuated patients. Indeed, in four instances transfer
plans were {nitiated by the consultant when the primary physician
had not felt that transfer was necessary. In only one instance did
the opposite occur, i.e., the consultant recommended that the
patient not be evacuated when the primary doctor favored evacuation,

Unfortunately, with the small number, general conclusions are
not warranted. Indeed, the appropriateness of the transfer would
be a measure of the effectiveness of the interaction. An in-depth
analysis of such transferred {and not transferred) patients by
an impartial referee might be a more satisfactory approach to this
issue, This would require an analysis of the issues on which the
decision to transfer was made and an evaluation of these issues
based on the findings at ANMC after the patient was fuliy eval-
uated, and was not attempted in this evaluation.

VIII.D, DISCUSSION OF THE RESULTS

Is it possible to generalize the results obtained from the St.
Paul-Ancliorage doctor-to~doctor exchange to other cases? What are
their limitations? A short discussion will clarify both their pre-

dictive power for other cases and the sources of their limitatioms.
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There are two factors which can limit the validity of this
experiment: the fact that only one doctor was the advisee, and the
specific health conditions of the Pribilof Islanders.

Only one doctor was the advisee, originator and principal per-
former of the consultation. He was aware of the goals of the
experiment. Other doctors in his situation, because of personality,
background or experience, might be more or less willing to consult with
speclalists, might use different amounts of time for consultation, o
might be more or less interested in using ECG or audiovisual features in
the exchange, etc. In an ideal experiment, a group of remote doctors
would have access to consultants. This was the format of the health
alde-to-doctor exchanges in the Tanana region, with about twenty remote
health aldes having access to a doctor. They provided a range of
personal characteristics, background and experience as medical
cormunicators. Therefore, the health aide figures are probably more
representative (see range of variation in Ch. VI.A).

However, several arguments can be made for the validity of the
‘results in the doctor-to-doctor experiment. First, the medical
profession has standardized training and a standard vocabulary for
discussing cases. Second, the communication behavior of the St. Paul
doctor is constrained by the consultants. It is not solely a result of
his individual pattern and impulses. In the period under analysis, for
instance, he had to interact with eighteen different colleagues from
eight different specialties. Therefore, the effects of his own
characteristics were probably moderated by his interaction with the

large variety of different consultants.
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A second restriction on the generality of the data spems from the
possibility that the health and sanitatjon conditions of the Pribilof
Islanders are different from those in other areas to whicl the data can
be applied. This aspect should be analyzed in each particular case.

It should also be stated that the remote doctor felt that "the
interaction is limited by the fact that the conversation is monitored by

nany people."
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CHAPTER IX

EVALUATION OF NURSE EDUCATION VIA SATELLITE

by Virginia Hunn Fowkes

IX.A. NEEDS AND DESCRIPTION OF THE COURSE

A Coronary Care course in nursing which commenced September 27, 1973
and ended January 24, 1974 was gilven via ATS~1 radio. The University
of Alaska Continuing Education offered participating students three
academic credits. (See Attachment IX.l1 for Course Description.)

The Coronary Care course was selected to be given via the satel-
lite for several reasons. First, it is a well-established cur-
riculum that could easily be implemented, Second, the native health
hospitals in outlying Alaskan villages have equipment which can be
used for sophisticated cardiac monitoring of patients. This
equipment includes a cardiac monitor, defibrillator and pacemaker
component. This equipment had been used relatively little in pa-
tient care mainly because the nurses were not familiar with its use.
Although the numbers of patients with coronary heart disease are
limited and therefore traditional coronary care does not occur,
this equipment can be used for a variety of medical and surgical
patient care needs. Therefore, it was felt that this particular
course would provide nurses and other health personnel in temote

areas with the knowledge necessary to use this equipment in providing
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more sophisticated patient surveillance as well as improving pa-
tient care generally. Additionally, nurses in these isolated areas
had expressed needs for continuing education, particularly with

the impending new licensure regulations that will require these in-
dividuals to have a certain amount of continuing education credit
each year in order to maintain their licensure. (See Attachment IX.2
for Objectives of Course.)

Trgditionally, Coronary Care courses such as this are given
through a Community College program or a hospital based in-service
program. Regardless of the setting, the curriculum is fairly well
standardized and similar to that outlined in Attachment IX.3.
Therefore, the only major difference between this curriculum
and other courses is that it was given via satellite radio. The
course coordinator, Ms. Betsy Ovitt, presented all of the sessions
except two. The session on congenital defects was given by a local
physician and the gession on the respiratory system was given from
Stanford by Ms. Jacqueline Wade and Ms. Virginia Fowkes. The
lectures were held each Thursday evening and were two hours in length.
There were breaks every thirty minutes during which time each hos-
pital station was called and there was an opportunity for inter-
action between the instructor and students. A syllabus for the
course was sent to each student in advance of the program. In ad~
dition, visual aids and hand-outs were sent to the students prior
to each session so that they might follow along with the instructor
appropriately. Publicity for the course was arranged through the

University of Alaska Continuing Education and the course was open
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to registered nurses, licensed practical nurses, medics, physician's

assistants or other health workers.

Twenty-five students registered for the course initially. They

were located at the following stations:

Barrow 6 Galena 1
Nome 6 Fort Yukon 2
Kotzebue 5 Juneau 5

All of the towns listed with the exception of Fort Yukon and Galena
have hospitals and the aforementioned equipment. Other individuals
in other communities listened in as well but did not participate
for credit. Of the 25 enrolled students, 16 completed the course,
18 submitted the biographical questionnaires, and 15 submitted

the final evaluation questionnaires.

Table IX-1 shows the results of the biographical questionnaires

which were received.
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TABLL jx~-1 Characteristics of Students
Place of residence Number of students
Nome 5
Barrow 6
Kol zebue 1
A.P.C. 1
Juneau 3
Auke Bay 2

Educat ion

In states other than Alaska 16
S¢otland 1
Canada 1
3-yr R.N, diploma program 14
2-yr R.N. assoclate program 2
4-yr R.N. baccalaureate program 1
Medic 1
Previous college 8

Present job position

General duty 1
Alcchol rehabilitation

Anesthesia

Clinic

Clerk

Lrergency room

Director of nurses

Not working

el ol N N e

Previous work experience

One year 1
Twe years 2
Three years 3
Four years or longer 11

(continued)
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TABLE IX-1 (continued) Characteristics of Students

Type of work experience | Number of students

Medical-surgical 1
Intensive care units

Emergency Room

Operating room and anesthesia
Obstetrics

Pediatrics

Public health

Administration

=R W WWN N

Reasons for taking course

Knowledge about heart disease 8

Knowledge about EKG, arrhythmias 6

Continuing education credit 5
Previous exposure to a

Coronary care course 6

Of particular note is the following: that all 18 of the stu-
dents completing questionnyires received their formal education out-
side of Alaska. Seventeen of the responding students are R.N's
and most of those are from 3-year R.N. diploma programs. Secondly,
none of the students enrolled is presently practicing in coronary
care units, and finally, in addition to taking the course for up-
grading knowledge, a number expressed interest in the continuing
education credit, Also, six have previously been exposed to the course
material,

On October 17 and 18, 1973 during an evaluation staff visit, a
lecture session was observed. Though none of the students had
seen the course instructor, Ms. Ovitt, there was obvious, comfor-

table rapport between the students and instructor. The students at
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each of the stations seemed quite free in interacting with her rve-
garding questions about the material and other comments. Although
interrupted for emergency comnunications, a similar program which was
broadcast from the transmission facilities operated by Dr. Aldo Da Rosa
and Stan Hall at Stanford proceeded equally smoothly. Again, the
students Interacted comfortably with the instructors.

Also during the visit, plans for the evaluation were formulated.
Dr. Richard Lyons, the WAMI director, and Betsy Ovitt, the co-
ordinator, welcomed the consultation and were more than cooperative
in helping to plan and implement the evaluation project. In addition,
the cooperation of Ms, Nancy White, the nursing coordinator with
Washington/Alaska Regional Medical Programs, was solicited. Ms. White
has traveled extensively in the participating Alaskan communities
and has had experience coordinating similar courses through RMP
in the state of Washington. Furthermore, Ms. White made availlable
computer processing of testing materials, the testing materlals
themselves, and comparisons with similar community groups. Both
Dr. Lyons and Ms. White expressed concern regarding the transiency
of purses in the participating Alaskan communities. As noted in
Table IX-1, none of the nurses are natives and turnover is high in these
communities. Ms. White indicated further that all of the nurses are
involved with patients and "in highly responsible and critical areas of
nursing."” She further felt that this type of continuing education was
essentlal and would have impact on patient care---even though coronary

heart disease is not a primary health problem in the native villages.
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IX.B. EVALUATION OF THE COURSE

For purposes of evaluating the satellite communications media,
the students enrolled in the course took fairly well standardized
pre- and post-tests. The tests have been ugsed extensively by
Washington/Alaska Regional Medical Programs for coronatry care ac-
tivities. (See Attachment IX.4 for Description of Test and Standards).
Computer printouts were obtained for all scores. Scores from the
Alaska group were then compare? with scores from two different groups
taking a similar and traditional educational course at Bellevue
Community College in Washington., Bellevue 18 a community college
located a few miles east of Seattle in a new high-density populated
area. The nurses enrolled were comparable to the Alaska group in
that most of them did not have coronary care units in their hospitals
and not all had monitoring equipment. For the most part, these R,N.s
had had some exposure to coronary care education prior to the course.
Some were R.N.s taking & refresher course who had little or no con-
tact with monitors and practiced in rural community hospital set-
tings similar to those that the Alaskan students relate to.

Table 1X~2 summarizes the results of this comparison.

It is of note that the Alaska group perforined similarly to the two
groups from Bellevue on both pre- and post-tests. An approximate 20

percent. rate of improvement is noted in all three groups between pre-

and post~-test performance.
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The Alaska group was somewhat higher than the regional mean for
the pre-test which 1s 32 percent and also for the post-test which is
53 percent. However, this was the result of a broad range of
scores from 24 to 80 in the pre-test and 52 to 84 in the post-test,
Assensment of individual scores indicated that all students with
the exception of two improved thelr total scores and most of the
part scores on the post-test. (The two that did not, dropped from
80 to 78 and 55 to 53.)

For purposes of subjective evaluation, the students were asked to
complete a questionnairé- Fifteen of the sixteen siudents who finished
the course completed the questionnaire. Tabulatlon of the student
responses to the questionnaire is detailed in Attachment 1X.5.
venerally, the students found\the course content and materials to he
valuable. Most indicated that there was difficulty with the radio

transmission which varied in frequency and location.
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TABLLE IX~2 Pre~Test
Number of Examinees =--- Alaska-23
Number of Examinees --~ Bellevue I-30

Number of Examinees =--- Bellevue I1-29

Alasgka Belle- Belle- Alaska Belle~ Belle-
Part Score Mean vue 1 vue II Std. Dev. vue T vyue 11
CCU Concepts 10.78  (12.43) (11.28) 4,16 (3.24) (2.80)
Complications 5.61 ( 7.20) { 5.03) 2.39 (2.12) (2.59)
EKG/Arrhythmias 11,39 (15.03) (12.52) 4,75 (4.48) (4.89)
Chem., Therapy 5.57 ( 5.90) ( 5.10) 2.41 (2.29) (1.84)
Other 8.65 (10.07) ( 9.48) 3.06 (2.59) (3.06)

Total Score 42,00 (50.63) (44.41) 14,00 (11.24)(11.96)
Post-Test

Number of Examinees ~~~ Alaska-16
Number of Examinees =--- Bellevue I-28
Number of Examinees ~-- Bellevue II-21

Alaska Belle~ Belle- Alaska~- Belle~- Belle-
Part Score Mean vue I vue II Std. Dev. vue I wvue I1I

CCU Concepts 17.25 (19.04) (18,67) 3.03 (2.38) (2.51)
Complications 8.81 ( 9.00) ( 8.81) 1.51 1.77) Q1.79)
EKG/Arrhythmias 17.37 (19.54) (17.71) 2.18 (2.18) (3.40)
Chem., Therapy 9,00 (9.71) ( 9.57) 1.90 (1.94) (1.53)
Other 11.88 (14.68) (14.71) 2.71 (1.77) (2.21)

Total Score 64.31  (71.96) (69.48) 7.79 (7.58) (8.76)
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Most felt there were advanﬁages to the c¢ourse, particularly the con-
tinuing education cfedit. Generally, the disadvantages stated re-
lated to the impersomnal approacﬁ. Fourteen indicated that they would
definitely take another satellite radio course, suggested a broad
range of topics, and felt there would be advantages to video trans=-

mission. (Refer to last section of Attachment IX.5 for detail of

responses. )
[X.C. CONCLUSIONS AND RECOMMENDATIONS

The results of the testing indicate that learning took place.
Further, the performance levels on pre- and post~tests and the rate
bf i{ncrease In parformance between pre- and post-tests were compara-
ble to those of Bellevue Community College where similar courses
were given in the traditional classroom setting. This suggests
that the satellite communications medium is an effective way of
providing education to remote areas. Although periodically there
were transmission problems, they did not affect the desired out-
come of performaunce.

The nurses' own evaluations indicate enthusiasm about the course
and a deslire for additional programs.

The impact of a course such as this on patient care is more
difficult to determine, but is, of course, the ultimate concern of
health educators. Often courses such as this one which are given
within community colieges or even within hospitals do not have a
correlated clinical practicum where the instructor can observe

and/or help the student directly apply the knowledge to patient
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care. However, 1f this cannot be arranged during a course (and
this would be difficult in Alaska) it is important as follow-up.
Therefore, it would seem imperative in future programming that
the instructor who gives the satellite radic session travel to
the individual communities and work with the students in their
respective clinical settings. Only in this way can the learning
objective be insured and the impact on patient care be assessed.
It is suggested that future programs which may be given via
satellite radio be focused on more relevant native health problems,
Finaily, although this was not aadressed in this study, there
geems little evidence to suggest that nursing personnel given more
continuing education will remain for longer periods of time in
these communities. Certainly, it is necessary to provide training in
order to updéte Information and skills of health providers in re-
mote areas. However, for long-term goais, it would seem more cost-
effective to educate native peoples who come from these areas

and to provide incentives for them to remain there.



-120-

CHAPTER X

ASSESSIENT OF SOGIOLOGICAL IMPACT OF RELIABLE TELECOMMUKICATIONS FOR

BUSH ALASKA

During the operation of the satellite radio communication experi-
ment, the health care exchanges occupied only a part of the hours of
the day in which the satellite was available. The characteristics of
two-way radio and teleconferencing capability of the communication
network allowed a series of very special programs. From educational
ones with possibilities for interaction between participants, to
entertainment and story telling, a wide range of experiences went over
the air in the non-medical time. The impact of those programs and the
possibilities of the system in terms of education, decisfon-making
conferences, discussion among colleagues (librarians, teachers, medical
personnel, ete.), and interactive entertainment were not within the
scope of this evaluation.

However, we have detected several effects which can have a
positive effect on the living conditions of the Native people in
those remote villages:

XA COMMUNICATION BETWEEN HOSPITALIZED PATIENT AND FAMILY AT THE
VILLAGE

The satellite link gives the families the chance to get
news about patients at the hospital much more easily than over
the previous HF system. One illustrative comment: 'Last year
(before satellite) we didn't know if they were dead, still in

hospital, or what'". (Hudson, 1972)
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The importance of this contact for the villagefs must be em-
phasized. 1In the opinion of the health aides, the doctors,
and native representatives, it has a significantly positive ef-
fect on the well being of the isolated villagers. It may be that
the greater loyalty and acceptance of the Public Health Ser-~
vice in the satellite villages suggested in Chapter VI.C is
partlty-due to the availability of regular news from the pa-
tients at the distant hospital. It is also possible that the
ability to contact the patient at the hospital will reduce one
of the reasons for the migration to the urban centers, for
accessibility to the medical centers,
X.B. INCREASED CONTROL BY THE NATIVES OVER COMMUNICATION

The increased number of contacts due to the fact that the
transceivers are located at the health aides' homes (Ch. V.E.),
has added to the reliability of the system and increased the
importance of the health aide in the village. This person, a Native
selected and paid by the village council, is in charge of and controls
the access at the village end to this virtually exclusive linkage
with the external world. This contrasts with the regular pattern of
services controlled by non-Native persons and may have a positive
effect on thc self-assurance of the Natives. Of course, this 1is
only one area of services and other changes are required for a
more complete effect In that sense.
X.C. REASSURANCE OF THE HEALTH AIDE AND THE PATIENTS

The attitude of the health aide towards the satellite radjo is not
only a crucial factor in the operation of the system, but also an

additional indicator of its effectiveness compared to the previous HF




~122~

equipment. Tn mid-1972, about a year after the installation of the
satell{te ground statious, a questionnalre was admintstered to the nine
health aides in the satellite villages and tJ five health atdes n
non-satelllte villages. The results are fully presented in a vivlid
report of that survey. (Hudson, 1972) Some of those findings need
emphasis and further discussion relative to more recent data.

The answers of the health aides at the satellite villages, in
contrast to those at villages supplied with HF radio, show that the
former had no difficulty at any time understanding the instructions of
the doctor received over the satellite radio, while the latter mentioned
that the quality of the signal was a problem once in a while. The HF
radio often faded in and out, was noisy, and was very difficult to hear.
Users often had to repeat. With improved telecommunication, it is more
frequently possible to consult with the doctor before beginning treat-
rent. This difference is especially important given the high nuwber of
changes in the health aide's management plan which result from
consultation. (Table VI-4) Frequent communication with the doctor
seems to increase the health aides' ability to persuade the patients to
follow their advice. Since patients may listen to the radio discussions
during consultation between aide and doctor, the aide may use the
docter's advice in reinforcing her suggestions about self-administered
medicines or treatments which she does not feel are appropriate. She
may encourage the patient to listen in if she feels this may increase

compliance or reassure the patient.

The oppurtunity offered by the satellite to listen to more exchanges

between other health atdes and the doctor appears to be very important
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both for morale and for continued learning, in the opinion of the health
aides.

After working with the satellite radio for about a year, the
majority of the health aides felt much more confident in their work.
There was one exception to this, however; one aide feltlless confident,
because she was only useful to report to the doctor.

In the chapter of Recommendations (Chapter XII), some suggestions
for changes in the mode of operation are advanced, both to reduce that

possible sense of dependency and to increase learning, and therefore to

improve health care.
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CHAPTER X1

- et e

(by Dr. Bruce Lusignan and Dr. Michael S{tes)

As part of the NIH contract, future systems to provide health
communications services to Alaskan villages were assessed. This activity
took a number of forms summarized briefiy in this chapter and expanded
upon in the attachments. The results are presented as a chronological
series of analyses or tests that have led to specific recommendations.
X1.A. SELECTION OF SATELLITE LINK

-~1t is recommended that the Canadian satellite, Anik II, form the
basig of the initial Alaskan Indian Health Service communications system.

This study was concerned with operational services only, not experi-
mental. Therefore, the only satellites considered were commercial ones
that can be counted on to provide continuing services. Those considered
included khe international satellite, Intelsat 1V, and the Canadian
satellite, Anik II. Both of these satellites are I{n operation today.

The systems each have a primary and a standby satellite in orbit and
another ready to be launched in case of difficulties w7ith either of the
first two. A third commercial satellite, "Westar," a United States
domestic system operated by Western Union, was considered but rejected
hecause its antenna patterns do not adequately cove} Alaska.

Technically, Intelsat IV and Anik 1I are comparable for Alaskan
intrastate voice communications (Attachment XI.1). From a business sense,
however, Anik was favored. Intelsat IV would require use of a special
high-gain antenna pointed in Alaska's ditéction. and Alaska would have
to absorb the cost of a full satellite transponder even though intrastate

communications would require only a fraction of the capacity. On the
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other hand, Anik I1's antenna covers Alaskn’ Canada, and about 2/3 of
the lower 48 states. RCA Globcom has rented transponders on the satel-
lite and a portion of the transponder can be rented for Alaskan intra-
state use. (Though transponder rental prices vary with competition,
latest estimates indicate the lntelsat IV transponder price with high-
gain antenna to be twice that of the Anik II transponder, another point
in favor of Anik.)
X1.B. SELECTION OF STATION CONFIGURATION

--A computer optimization program identified a small station configu-
vration (10-ft. diameter antenna) as least costly for Alaskan rural voice
communications,

With the satellite chosen, there are still many sycstem choices that
must be made to ensure lowest cost for the given service. The choices
are complex, involving many technical and economic factors that interact
in sophisticated ways. To handle these factors, Stanford, under NASA
Grant 05-020-659, has developed a comprehensive computer based program
(Attachment XI.2). This program is specifically designed to use only commer-
cially available equipment. Thus, it identifies solutions that can be
readily implemented. A comprehensive and computerized demographic
description of Alaska.was also developed as a part of the current evaluation
contract. This demographic file contains information of the distribution
of population and communication facilities, as well as other subjects.
A report on the computerized demographic file is included as Attachment
XI.3.

The requirements of a generalized voice communications network ser-
ving an area the size of that covered by Anik or by the proposed RCA

satellite were given to the program. From this input, the optimum station
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configuration was derived (Attachment X(.4), Since the requirement for
a4 general long-range telephone service were prnviqed to the propram, the
rosulting station configuration is suitable for the growing needs of
Alaska. This configuration served as the basis for the station finally
proposed for the Indian Health Service.
XI.C. SIMPLICITY AND PERFORMANCE TEST OF THE STATION

--A low-cost (approximately $15,000) station, based on the optimum

configuration was assembled from commercial components and demonstrated

with Anik IT1 in only two months.

In November 1973, Drs. Parker and Lusignan visited Alaska and met
with representatives of the Indian Health Service, the Governor's 0Office,
and RCA Alascom. The small stations were proposed and met with a mixed
response. Tt was felt that if the prices were even near those predicted,
the small stations would be the best choice for Alaska's rural communica-
tions. However, at that point, there was considerable skepticism of
such a simple station actually working. The skepticism seemed well justi-
fied since the projected cost (approximately $15,000) was less than 1/20
of satellite stations familiar to most planners including RCA,

It was, therefore, recommended that a prototype station be demonstrated
to confirm the simplicity and performance. Permission to use funds from
this contract for such a demonstration was obtained in late December and
a little over two months later, the station prototype was successfully
demonstrated at Point Reyes, California with the Anik II satellite
(Attachment XI.5). Point Reyes is in a position of the sétellite antenna
beam that is comparable to that of Anchorage, Alaska.

The demonstrations were attended by both State and Federal officials

as well ac renresentatives from the communications industry.
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XT.D, PROVISTONS FOR MORE GENERALIZED TELEPHONE SUERVICHE

--The basic Point Reyes station design was developed to ensure that
it has the flexibility to bg expanded to meet general telephone communi-
cations needs and to be modified to use future satellites at minimum cost.

In our opinion, the station demonstrated at Point Reyes is tﬁe simplest
and least expensive way to meet the Indian Health Service needs. However,
to meet the more general needs of communications in Alaska's remote
villages provision should be made to include within the station at some
time a more generalized telephone service.

A set of specifications has been prepared (Attachment X1.6) that
could serve as the basis for a competitive procurement of equipment. The
equipment satisfies the basic health service needs. However, it also
includes the ability to add receive only capability to serve radio dis-
tribution needs, and to add a general telephone service.

The simplest technique for adding phone service would be to provide
service through a manual switchboard located in Anchorage. This technique
is described in Attachment XI.7. The more sophisticated technique would
be to add an automated system based on the Improved Mobile Telephone
Service (IMTS) used for direct dial automobile phones. The IMTS equipment
built by Motorola has been analyzed tn ensure compatibility between it
and the proposed satellite ground stations. The basic station options
and the range of service configurations allowed by these options are des-
cribed in Attachment XI.8.

Whether the simpler phone system or the more expensive automated
system is adopted is a matter of ongoing discussions involving RCA and
the State of Alaska. However, the cost of making the basic system
compatible with either addition is very smali.

X1.E. COMPATIBILITY WITH OTHER SATELLITE OPTIONS AND COSTS OF MODIFICATIONS

Adding the flexibility for a phone system based on the Anik satellite

or the future RCA satellite is very easy to do. However, as pointed out
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by Howard Hupe of‘"EW'ﬂ Office of Telecommunicat tons Poliev, the foture
options for Alaska mav include a wider range of satellite options
(Attachment X1.9).

The basic station is cbmpatible with any of the future uatellites
using the same 4-6 GHz frequencies. However, there are components that
would have to be replaced wiih a change in operating frequencies, either
2.5 GHz or 12-14 GHz.

The antenna as presently specified, has an easily replaceable feed
and can be pointed manually to different satellite locations. The
reflector 1s suitable for 2.5 GHz and 4-6 GHz as presently specified and
at a modest cost increase can have high efficiency at 12-14 GHz. Thus,
for an antenna, the feed would have to be replaced to work with a satellite
frequency change but the rest of the antenna, and the costs of 1its
installation would noi be wasted,

Most of the station cost is in the channelizing equipment. This
equipment 1is largely unaffected by the satellite operating frequencles.
A tighter specifigation would be needed for the reference frequency
source to work with a 12-14 GHz satellite, and the final stages of the
transmit and receive channels would be modified to provide the 2.5 Glz
or 12-14 GHz frequencies. These are minor modifications to the existing
desfgns.

The two major items that would have to be replaced with a satellite
frequency change arc the preamplifier and the power amplifier, both of
which are optimized for a finite frequency range.

Thus, {f the frequency were changed, items totaling about $6,500
would be taken from the stations: (preamplifier $1,200, antenna feed $800,

power amplifier $4,500). Since these items are standard production items
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in the normal microwave communications bands, they would have some
recovery value.

The cost.of replacement items would be dependent on the characteris-
tics of the new éatellite. It could be'as low as $5,900 (preamplifier
$600, antenna feed $800, power amplifier $2,000, channel modification
$2,500).

The station is already designed to minimize the cost of modification,
The estimated installed cost is around $20,000, For addition of a
general telephone capability and change to another satellite using the
4~6 GHz frequencies, none of that investment is made obsolete. A change
to such a satellite seems the more likely future course.

If a future satellite is used having 2.5 GHz or 12-14 GHz for voice
communications, less than one-~third of the original investment would be
replaced. In the meantime the station would have been supplying badly
needed services for at least three years,

XI.F. ASSESSMENT OF THE PRESENT PLANS OF RCA ALASCOM

It appears that the present plans of RCA Alascom do not show promise
of satisfying the Indian Health Service needs at a reasonable cost.

The best approach for the Indian Health Service to meet its needs
would, of course, be to contract with an Alaskan common carrier for the
services. RCA Alascom is the appropriate carrier in Alaska and Stanfb;ﬂ"
has kept them informed at every stage of our work.

Before the optimum station configuration was identified, RCA had
satcllite stations planned in only a few of Alaska's larger cities,
and along the oil pipeline route. The least costly stations cost vell

over $200,000.
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Subsequent to the Point Reyes demonstration, Stanford was asked by
Governor Eguan's office to participate in a review of RCA's plans for
Alaska. While RCA did make new proposals for Alaska, the proposals fell
far short of what Alaska resally needs. A series of subsequent proposals
have been‘made moving closer to the small efficient stations. The latest
proposal includes 10 ft. stations and RCA has asked for bids from equip-
ment manufacturers. A copy of the request for quotations has been
reviewed (see Attachment XI.10).

The analysis concludes that the Indian Health Service will not
receive the low-cost communications it requires from the proposed RCA
system. As specified, the ground stations will be two to three times
as expensive as the optimum system. The Indian Health Service one way
or another, will have to pay for the needless extra cost. For most of
the Indian Health Service needs, conversation through the satellite
will require two satellite hops incurring response delays of 1.2 seconds.
This delay is very disturbing to normal conversations and would probably
Be very bothersome to medical consultation.

The RCA proposal may be turned down by the FCC because (1) it does
not meet the FCC requirement for protection of adjacent satellites, and
(2) it does not adequately protect the village from a dangerous level of
microwave radiation. Both of these problems can be avoided by proper
system design, and the cost of future Indian Health Service services and

telephone services can be reduced by proper satellite design.
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XI.G. CONCLUSIONS

1t is our conclusion that, if the Indian Health Service wants its
communications needs satisfied, it will have to take action to satisfy
them itself rather than relying on the current plans of the Alaskan

common carrier. The system described in Attachment X1.6 is sufficiently

flexible to allow other State and Federal needs to be satisfied; and

thus, there is an opportunity for the Indian Health Service to share the
cost of the stations with other State and Federal agencies. 1t is also
sufficiently flexible to allow the addition of a coumercial telephone if

an Alaskan common carrier 1s eventually interested.
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CHAPTER XI1

RECOMMENDATIONS FOR ACTION AND FUTURE RESEARCH

The findings of the evaluation research suggest the following
recommendations for action:
XIT.A., COMMUNICATION SERVICES

Reliable two-way voice communication should be provided between all
comnun{ties with paremedical personnel in '"Village Alaska" and the physi-
cian consultants. The cormunication system should have the following
capabilities:

XI1.A.1. 24-hour avallability of a circuit for medical emergencies.

(References: Medical emergencies, Attachment VI.1 and Ch, VI,A,3)

XI1l.A.2, Party line conference call capability to enable

all parties to listen to medical exchanges for learning purposes and

to permit interactive teaching and group discussions.

(References: Health aldes' opinions, Ch. VII.C; medical education
evaluation, Ch. IX; community participation, Ch. II.A.2 and X.B)

XITTI.A.3, 7Two-way simultaneous duplex circuits for private

consultations (i.e. the equivalent of regular dial telephone service).

(References: Health aides' opinions, Ch. VI.B.2)

- et .

XIT1.A.4. Location of the transceiver in a place chosen by the com~

munity to which the health aide has easy access.

The site should permit private consultations between the health
aide and doctor without being overheard by others in the local
conmunity, but should have facilities to, allow patient presence and

examination during the consultation. Space should also he availatle
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for small group Interaction (e.g. for health education). "The new
Village Clinic Plan should be considered for these purposes.
(References: Aides' access to radic, Ch, V.E and X.A;'\

effect of listening to doctor on patient, Ch., X.C. and Hudson,
1972; health aides' opinions, Ch, VI.B.2)

XI1.A.5. The remote sjites should have speaker-phone capability

so_that groups can listen to and participate in exchanges.

(References: Group involvement and mental health/sanitation
problems, Ch. III.D; education, Ch, III.,D, Ch. VII, and Ch. IX;z
family-hospital-patient contact, Ch. X.A)
XII.B. LEARNING THROUGH TELECOMMUNICATION

The health aides' learning from listening to the doctor call was
analyzed in Chapter VII. The main finding of that chapter 1is that
while a certain amount of learning is suggested by the data,
learning occurs during a period of a few months, and after it, the
~improvement 1s quite marginal. (Reference: Learning, Ch. VII.C)
Virginia llunn Fowkes in Chapter IX of this report shows similarity in
the Improvement of learning scores for nurses receiving their
instruction through this satellite radio system compared with peers
receiving the same material in traditional classrooms at Bellevue
Hospital in Washington. Similar findings were obtained using the radio
of the Royal Flying Doctors for exchanges with "isolated" students in
Australia. (Thomas, 1337) General research on learning and specific
data ahout the use of interactive radio for teaching suggest that the
possibilities for learning provided by the system are not fully
exploited. One reason for this may be the prescriptive mode used by the

doctors at the hospital (probably due to time considerations or other
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reasons)., The resecarch data do not Indicate what speciflc actions

siiould be taken; the following are examples of possibilities to explore:

XI1.%. )., An experimental evaluation could. be designed to assess .the.

effects of a more analytical approach to the consultation, com-

plementing the prescriptive advice of the doctor with teaching

about exploration of symptoms, pathology, alternative hypo-

theses for dlagnosis end strategies of therapy involved. (References:
Expressed learning interest, Ch, VI.B.2 and VI1.C; aide management plan,
Ch. V1.A.4) This formative evaluation could test for changes in the
ability of the aides to handle cases on their own, their increase in
medical knowledge, and their management plan accuraecy. The

effect of short tfaining periods for the consultant doctors

in these teaching techniques could also be examined. An

analysiS\;E the more common diagnoses requiring radio consul-~

tation and their severity could determine priorities for

teéching emphasis. (References: Most common diagnosis and severity,
Ch, V0L.A.4; also Ch. III) Coordination with the section

of the ANMC responsible for the training of the health aides

would be important.

X11.B.2. Another technique to increase learning would be to do

a_more corplete follow-up to check for the effects of the thera-

pies. (References: Number of consults per case, Ch. VI.B.2)

The data show that the majority of the cases have
only one consultation. The assﬁmption is that the patient
is doing well if he does not show up again. However, a more

intensive follow-up of the results of the non-trivial
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therapies could be important to assess the efficacy of a treat-
ment. Results of a treatment are important not only to the
particular patient but also to other similar cases. (Reference:
Aldes' opinions on learning, Ch. VI,B.2, and VII1.C) Doctors should
encourage aldes to follow up on specific cases and report on them.

XI1.B.3. Another technique to explore is the analysis of the process

of diagnosis and the management plan proposed by the health aide. The

doctors should try to spot the weaknesses and offer remedial

explanations.

XIi.B.4. Printed material to help the verbal communication: it is

considered important to provide charts of the human body and pictures
or photographs of the different pathological signs to which both
doctor and aldes can refer in their exchanges. (References: Sup-
portive printed material, Ch. IX; general literature about radio educa-
tion, McAnany, 1973) The results of this innovation can be measured
both in terms of predicted outcomes and in channel time use.
XI1I.C. COMMUNITY PARTICIPATION

The AANHS should congult with the Native Health Boards to
determine how the communication system could be used to increase
the involvement of communities in the analysis and solution of
their health problems (including environmental and mental health).

Possible areas for exploration are:

XIL.C.1l. Presentation of regularly scheduled jinteractive programs

pu _topics of concern to the health boards or suggested by community

leaders, health aides, etc.

X11.C.2. Encouragement of participation of village leaders and elders

in discussions.
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XIT.C.3. Presentation of material on health professions und training

LR XY v i

programs available to people from remote communities which could

‘¢nable them to perform more of the health care functions for -

theirugwn_égople.

XL1.C.4, Encouragement of health aides to train others {n the

communitx.

“WIl.C.5.  Allocation of regular periods for exchange of messages betveen

(Reference: Importance of communication between hospitaljzed
patients and family at village, Ch. X.A)
LL1. Do MENTAL HEALTH

This study provides evidence that the doctor call can contribute
co‘delivery of health care for physical problems. However, mental
health is now a major problem in Alaska (e.g., see Chapter III).

Teleconmunication alone will not change the socio~cultural
environment in which the increase in mental health problems has
developed.  lowever, althiough only the consequences rather than the
causes can be addressed, communication may be a useful tool in
coping with mental health problems,

In consultation with the Native Health Boards, the following
apprvaches could be tried and evaluated by the users and the
Native Health Boards:

411.D.1. Telediscussion and counseling on specific individual or

family problems: FPrivate consultations should be possible between

cormuiiity residents and trained psychiatric personnel and socfal
workers, One approach would be an adaptation of the "crisis line"

by providing a toll-free number which could be reached from auy
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community., Peer counseling within the community and by toll-free

telephone should also be explored.

XII.D.2. General programs on community mental health: A series of

radio programs on recognized mental health problems could be
organized to involve specialists, health aides, community leaders,
and villagers in interaction over the radio.

X1I.D.3. Non-medical communication: Access to interactive

communication channels for a variety of uses (personal, educational,
general iInformation, entertainment) can have a positive effect on the
psychological well- being of people in remote communities. Ways should
be explored to maximize the opportunity for exchanges among the villages
of cultural productions (e.g. radio programs, teleconferences, etc.)
using the available communication networks.

The potential effect of the availability of television on
mental health needs further study in remote Alaska communities.

The availability of cable TV or mini-transmitters in some communities

may permit such study.
X1I.E, DOCTOPR-TO-DOCTOR CONSULTATION

With reference to the communication system between remote doctors
and thelr specialist colleagues at major medical centers, the data
gathered support the following recommendations for action:

XI1.E.1l. Reliable two-way voice communication directly to a medical center

for consultation should be provided to remote doctors. (Reference:

Ch. VIII)
The Communication system should have the following capabilities:

X1I.E.l.a. Regular consultation exchange once every two to three days.

(References: Number of consultations exchanged, Ch. VIII.C.1; urgency

of cases, Ch. VIII.C.2.b)
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Xt1.£.1.b.  Alarm button for emergencies, operative 24 lours.
(Reference: Urgency of the cases, Ch. VIII.C.2.b)

XI1.E.2, Additional communication capabilities (especially one-way

videc fron the village to the hospital) can be of value in a significant

pumber of cases. Systems should be explored that offer that capability

as a special feature, to be used only when required (most of the
consultations--about 80 percent--would not require‘hore than two-way
voice exchange). (Reference: Need for additional communication
capabilities, Ch., VIII.C.5.d) Careful cost-benefit analysis should
be done of this feature, because of the high costs involved.

LI1.E.3. The lower value assigned to the radioconsultation by the remote

doctor suggests the need for additional consideration. One possible

reason for that difference could be that the consultations, instead of
being considered as indicators of the physician's ability to deal with
gome cases at a higher level of SOphisticatEon, are considered as
an indication of lack of mastery on a particular problem. (Reference:
Difference in the perspective between remote doctor and consultant
about the value of the consultation, Ch. VIII.C,S5.e)
KIT.F, RECOMMENDATIONS FOR FUTURE RESEARCH

The complexity and importance of this system both for Alaska and
for other rnrai areas demand further research. Some of the areas
to be developed have already been described, for instance, modes of
radio Interaction and their effects on the health aide learning and
the outcone of the patient,

It would also be important to do trend analyses in the future
vhen data about a long enough period of operation are available.

Trend analysis could be especially useful in exploring changes over
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time in the health aide behavior as well as in the characteristics of
the content of the exchanges; e.g., severity of the cases consulted,
time elapsed, rate of confirmation of the aide management plan, etc.
The analysis should also investigate the effect of the background of
the health aide and process characteristics that can have positive
effects on the health care. Trend analysis of hospitalization rates
over a longer period of time can cast new light on some general and
specific effects of improved telecommunication.
X1I1.G. NATIVE CONTROL IN DECISION-MAKING

Increased participation and control over decision-making should
be given to the Natives, both to increase the accuracy in the defini-
tion of problems and solutions, and to increase their control over
their own affairs.
XII.H. CONSIDERATIONS FOR PLANNING AN EXPANDED TWO-WAY COMMUNICATION
SYSTEM

This study can provide valuable information for planning an expanded
biomedical communication system. Several decisions are implied,
including the following:

XII.H.1. Should the service include only the villages that had no tele-

phone service or include as well those villages with current telephone

access to the hospital? Given the interactive possibilities of the

multi-node network, and the possible monopolization of the village line
at certain hours by the health aide, we conclude that the villages
having telephone service should also be included in the hiomedical
radio system with additional radio circuits for that purpose.

XII.H.2. Should the system include only predominantly native villages

or also predominantly white villages? Given the jurisdictional
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responsibility of the AANHS, it might seem reasonable to include only
those the villages that are considered "Native" by PHS definition.
Houever, admindstrative constraints notwithstanding, we feel that this
system should be integrated with a telecommunication system for all
Alagka, providing this kind of service to any village without easy
access to the hospital or doctor.

XIL.H.3. Considering that the total amount of consultation for an

expanded service will cover several hours per day, how many and which

hours of the day are reasonable for health aide~doctor exchanges? As

both the health aides and the doctors have other responsibilities
besides radio consultations, we suggest that a simple survey be made
among those in each service unit to determine the most convenient hours
of the day for the radio call. (Reference: Inconvenience of certain

hours for doctor call, Hudson, 1973)

XII.H.4, Should the present prescriptive mode of the exchanges be

changed into a more "learning oriented" interaction, and how much more

time would that new mode require? There was no attempt in this research

to obtain evidence about the effects of these alternative mcdes. The
eventual implementation of '"learning oriented" interaction should be
attempted on a formative basis. In other words, the different
approaches should be tried to determine their effectiveness and to
reorient the practice on the basis of that continuous learning. Perhaps
the doctors and health aides themselves can suggest new techniques to be

tried.

XII.H.5. Besides these considerations, planning of an expanded system

for Bush Alaska communities requires other information which this study

can provide, such as:
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~-Number of minutes of exchange per capita per year.

~-~Seasonal variations in the time required for biomedical exchange.

--Weekend vs, weekday variations in the time for exchanges.

--Number of villages per PHS unit, with certain levels of popula-
tion and public services (electricity), type of pobulation, and communi-
cation facilities.

--Inter-village variation and correlation with population size of

the village.
This information is valuable for estimating requirements for
various configurations of an expanded system. For example, let

us assume the following data and try a very simple example of the

planning calculation:

--9.345 minutes of exchange per capita per year (Ch. V)

--maximum length of doctor call: 90 minutes

--daily doctor call, including weekends

—-all 167 native villages with population from 25-1,000

--praesent PHS boundaries

--more explanatory mode of interaction (assuming an allo-

cation of 30 percent more time for this)

--no seasonal variation, no weekend variation

Using the native population in villages within each PHS unit,
we have done the calculations to estimate the number of groups

necessary to cover the seven units of the AANHS under these

assumptions. They are:
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Service Unit Population Average Congultation

Time Per Capita + 30%

Anchorage 5,673 persons x (9.345 x 1.30) = 68,918 minutes per yeat *
Barrow 415 5,041
Bethel 9,322 113,248
Kanakanak 2,980 36,202
Kotzebue 5,444 66,136
Mt. Edgecumbe 4,849 58,908
Tanana 3,173 38,547

365 sessions of 90 minutes each would take 32,859 minutes per year.
Therefore, to provide doctor calls not to exceed 90 minutes, the following
breakdown of villages into doctor-call groups would be required:

Anchorage: two groups of villages (i.e., 68,918/32,850 = 2,09)

Barrow: one group

Bethel: three groups
Kanakanak: one group
Kotzebue: two groups

Mt. Edgecumbe:! two groups

Tanana: one group

Total: 12 groups
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Planners can use this approach and the data {n this evaluation to
make estimates under different sets of assumptions. For example, if an
hour and a half for the average daily exchange is considered too long,
or if other assumptions are changed, new results can be calculated from
the data. Similar calculations could be done if the doctor-to-doctor
consultation were to be’expande\ to serve other remote communities,
These calculations have been done not to achieve a definitive result,
but to familiarize the reader with a simple method of calculation which

he can use to make estimates using differeant assumptions.
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Attachment 1.1
TELEPHONE IN THE VILLAGES (April 1974)

(Communities with 25-1,000 population)

PHS Unit and With Without Total
Predominant Commercial Telephone
Population Type Telephone

Anchorage

Native 13 24 37
Non-native 35 7 42
Barrow
Native 3 1 4
Non=native 1 1 2
Bethel
Native 20 28 48
Non-native - 1 1
Kanakenak
Native 11 19 30
Non-native - 2 2
Kotzebue ,
Native 15 13 ©'28
Non=native 2 1 3
Mt. Edgecumbe
Native 10 - 10
Non=-native 32 8 40
Tanana
Native 6 17 23
Non-native 8 5 13
Total Native 78 102 180
Total Non-native 78 25 103

TOTAL 156 127 283
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Attachment IIX.2

TELEVISION IN THE VILLAGES (April 1974)

(Communities with 25-1,000 population)

PUS Unit and No Direct 'I'V TV with  Air tneer-
Predominant Television (rom Anch., mailed Force taln
Population Type Reception  Fairbanks, tapes Trans-

or trans- lator
lator sta-
tion)
Anchorage
Native 33 3 3 - -
Non-native 16 34 4 2 2
Barrow
Native 2 - 1 - -
Nod-native 1 - - - -
Bethel
Native 42 1 - 1 -
Non-native 2 - - - 1
Kanakanak
Native 22 1 - 6 -
Non-nat ive - - - 2 -
Kotzebue
Native 31 - 1 - -
Non-native - - - - 3
Mt. Edgecumbe
Native 10 - - - -
Non--native 18 13 9 - -
Tanana
Native 19 2 1 1 1
Non-native 3 13 - - 4
Total Native 159 7 6 8 1
Tot: 1 Non-native 40 60 13 4 10
TOTAL 199 67 19 12 11



III.1

III.2

1IL.3

II1.4

A-5

Attachments to Chapter III

Comparison of Vital and Health Statistics of Alaska Natives
with U. S. (all races) (1850-1972)

Alaska Native Health Service--Ten leading notifiable diseases
(1972-1971)

Alaska Native Health Service--Ten leading causes of hospitali-
zation (1972-1966)

Hospitalization rate for Native Alaskans compared with the

U. S. Population
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Attachment to Chapter IV

Iv.1 List of villages where satellite radio ground stations were

installed as a result of the ATS-1 Biomedical Communication

project.
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Attachment IV.1

List of villages where satellite radio ground stations werc

installed as a result of the ATS-1 Biomedical Communication

Project

Installed in:

Allakaket August 1971
Anaktuvuk Pass August 1971
Anchorage August 1971
Arctic Village August 1971
Barrow August 1971
Beaver April 1973

Bethel August 1971
Circle April 1973

Chalkyitsik August 1971
Emmonak#* August 1971
Fairbanks August 1971
Fort Yukon August 1971
Galena August 1973
Home ¥ August 1971
Hooper Bay#* August 1971
Hughes April 1973

Huslia August 1971
Juneau August 1971
Kaktovik®* August 1971
Kanakanak#* August 1971
Kodiak August 1971
Kot zebue August 1971
Koyukuk . April 19273

Nome August 1971
Nulato August 1971
Ruby August 1971
St. Paul August 1971
Sand Point* August 1971
Stevens Village August 1971
Tanana August 1971
Venetie August 1971

* pismantled in 1972
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Attachment to Chapter V

V.1 Facsimile of radiolog kept daily at the Minitrack Station=--
University of Alaska, College.

V.2 Alde-to-doctor contacts via ATS-1, 1973,
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Attachment V.2 -

Alde=to=Doctor Contacts via ATS-1
(1973, for 13 villages*)

% of total pos- % of com-

Numbers sible contacts plaeted contacts

Possible contacts** 4,257 100 —-——
Contacts completed*** 3,676 86.4 100
Contacts completed with

biomedical coatent*iik 2,871 67.4 78.1
Contacts completed with

biomedical content

including patient

consulta;ions***** 1,836 43.1 49.9
Contacts not completed 581 13.6 15.8

* 4 viliages entered the system in April 1973,

** Possible contacts: number of villages x number of days they have been
operating within the radio satellite system.

k%% Contacts completed: Doctor calls answered by the health aide.

****Contacts completed with biomedical content: Cases in which the health
aide and the doctor had at least one patient consultation or one
administrative matter to exchange.

*kkkkContacts completed with biomedical content including patient consul-
tatfons: Cases in which the health aide and the doctor had at least
one patient consultation.

Siif
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Attachments to Chapter VI

List of examples of emergency cases where communication was

an important factor.

Example of log of medical radioconsultation kept by the doctors
at Tanana Hospital,

Codes for the description of the consultation in terms of:
~-type of visit ("visit")

--need for travel ("travel")

~--severity of the case ('severity")

-~confirmation of the health aide management plan ('’management')
--predicted effect of the consultation on the outcome ("'outcome')
Demographic data of the villages considered

Hospitalization rates: for ANMC

Hospitalizatfion rates: for Tanana Hospital

Hospitaliczation rates: for both PHS hospitals

Codes cf Diseases

Sample "Doctor Call' Transcript
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Attachment VI.1 Q$§;&
*$§h

N

Examples of Emergency evacuation over the past two years where Qsé

communication was an important factor., From Dr. Brian Beatlfe's

notes taken during interviews with health aides (1972),

Meny:  abovnt Chvlstman, 1969 o hurned ak Jlpone dn evendng,

No vay to tallk to pbysiclans...Vent in on plone at dowm.  Sent to

Inchorage, Comrmication would have helped reassuve people they were

doing the riale thing, . .

S Toddy Lprid, 1970, 5 wenthis olds  Kectal temp 105, P=85, R=99. ,

Sponged to 103,8, congested chegt, shallow breathing, shipht cold fov
? weeks, vhiupired, not active,

Chte hold of physician in Tanana ahuead of tane via Galena wnd got pl oo
palag through Ruby,

fud moadueitis,

Letter contnmiention misht have helped with incrveased perdeillin aud
eyl swpieilitie (o I ampiledllin in village anywvay) and wight hav.

Lelped paticnt get in sooner.

Fielyt chout 20, January, 1971, Shot ¢ ff part of laab.
G- led Yunana en cadio and pationt went to Fafrbanks next day, chavior
or mall ploue.

Sarah: about 24, November, 1971. 7 months pregnant, half day bleedicy,
got sick In evendng,  Satallite radio wos used ko evecuate patient nest
worning and charter to Fort Yukon and en dircchly to Fajrbaunks. Patical
had logt cluse to half hloed volume.

Cowrmndeniton helped a preat deal.

Bavivy Newowber, 1971, 2 months pregnont.  Attuwpled o ceatact It.
Yokon ov Tavana foc 2 days by radio without success.

Plood pressure dropped to 90 systolic. Finally stopped blveding., Taijont

.

SRS DATED R A N

Christian: Autumn, 1971. Caught finger in generator in afternoon. Open
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4 fracture of one finger, closed of 2 others, Used school vadio te cal)
Tanana, Charter to Fairbanks.

Bad cnough to requira charter. Communication may have prevented infuoetion.

Jool: 13, October, 1972, Stabbed with small knife in back latcral,
Late at night, Called Tanana on satellite radio next day and told to
send to Fort Yukon. Communication facilitated transportation. Not a

scrious wound,

George: 14, January, 1972, Broke ankle in sno~go accident, Delt broke,
Ankle swollen and black and blue,

Radio didn't work. Teacher from Galena came with plane by chancc. Phe
plane went up and radioed Galena. The nurse from Galena come down the
same day with a crarter pilot and the patient was talien to Tanana.
They would have had to keep calling or wait for a plane Lf one had not’
cone. '

Patricsa: 22, April, 1972. Sick to stomach in a.m. Temp., to 103.

Pain in right side.

T:ied to gt Tanara §-8:20p.m.  Cot Fairbanks anvt morning,

Cot: worse at night.

Ft. Yulkon cliurtered her to Faivbanks in a.m. Appendix not ruptuccd.
| Radio would have made come difference in getting a plane sooncy and

consulting with the doctor.

Bill: about 30, September, 1972, 3a.m. Broke leg walling dewmn steps.
Olviously broken.
Tried to call Tanana 6a.m. and 7a.m. Teacher called Tanana on his pline

redio and got a charter plane to take patient to Tanana.

Alvin: Jenuary, 1972, About 9p.m. Threw water on jet fuel fire (Jot:
fuel pulled out of river and uscd by mistake instead of coul oil),
Goeveve thivd degree burng of entire trunk.

Got Doy Toowa in Tanana on DY) radio that nieht and advice ;iven.
Chartered out at noon nexrt day to Galena aud to Aucicape by Air Feie.

plaue,

Radio worlied and liclped.
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Kenneth: 11, Fébrunry, 19710 About, Llp.m. Chest hurns Lfrom Blazo
(thought 1t was kerosene; Blazo like gans)

No luck with school radio. Father went to Calena, took ) and 1/2
hours by Sno-go. | '
Pationt chartered out in a.m. by planc fronm Galena.

Radio would have helped. Would have saved somevhat long sno-go trip.

Four girls: May, 1972, Multiple #4 shot wounds, 1ip.a.

Talked vith charter pllot ip Galena on school radio. Tatients picked
up 1/2 hour later and sent to Calena. Cared for by public health
nurse iu Galena. Wounds uot serious.

Radie fortunately worked.

Exmenles of deaths vhich wmirht have been prevented if the health ride

-

had had rveliable cowrwnication with the ontside:

Baby: onc month, Janunry, 1971,

Slight cold the day befove; Laby died that night. Mother up nost of
night. Promature baby., o |

Breathing got worse and worse during night. Mother didn't cciee to
health ajde rocond time until baly dead.

Cormunication might have made a differcnce in whether or not mother
ceme to health alde and in whether or not the baby could have been
evacuated to Tanana. May have been a case of poor communication

between mother and health aide.

Willjam: 19 years old, Decciber, 1970, Left on Sno-go for wountain,

20 wiles sway, to hunt, Decrmber 23, Poorly dreseced and had no matches.
Storm for 3 days. Found December 26. ]
Called Fort Yukon December 24, and Army helicopter found hin. They could
not search until the wveather broke.

Cor=mnication wfehl hove helped 1f used {irst night.

Meils avout 45, January, 12090 Driuking Leavily.,  Stirted e vowit

o o , , .
[ERJ!:‘ coffee pgroends during the night.  Health aide obtaived at 10, and

IToxt Provided by ERI
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she and tcacher tried from 10a.m. to 9p.m. to get help on the state
radio, Patfent dicd at widnight,
Communication might have saved this patient.

Sams: about 70, January, 1970. Hong Kong flu going atround, got
pneumonia? Temp, 103-104. Tever 2 days. Was on pills. Folt OK
during day, sick at night., Died 10-1lla.m.

Health aide feels radio would have made a difference if patient had
been reported right away.

Ben: 65-70, November, 1970, Chest pain one day, but nothing bad.
Was checked and seemed OK,

In late cvening chest pain came back, somecone stayed overnight with
hinm. Died during night. Health aide feels it was a heart attack.
Tried all) day to get Fort Yukon, Tanana, Fairbanks on school radio.
‘No luck. Communication might have helped.

Pauline: about 70, December, 1969,

From vecord: '"Daughter says she has been vomiting 'brown water' every
cvéning for a week--not food. Attempted to contact doctor today. She

is vomiting continuously--greenish now. Told to not take anything by
mouth, Improved by evening. Attempted to give a phencharb-belladonna
tablet-~vomited 1/2 hour later. Passed away at about 6:45a.m.."

Probably wouldn't have got her to Tanana even if good communication, but
comuunication might have helped.

Lzamples of cawes in which the availability of 24-howr emergency commimi-

cation via satellite radio might have helped:

Male, 19: Fractured mandibie'(jaw). Patient evacuated by lceanl treachev's
plane approximately 4 hours after injury. Communication via HF radio
attempted unsuccessfully. Satellite radio not on at thie tire of day.
Reliable 24~hour communication might have pravented a plone trip in

Crevginal weather.,



A-20

Female, 27: Aleohol withdraval or pucusonia. After some tlie,
Tapana contacted by HIF relay through Rorzebue, Sateldiie radio
mot on at rhis time of day, Datient tolen out by chevtar and
apparently Jdid OK,

Female, 11 Abdominal patn, Sstellite radio not on at this time
of day, Tuken to Tanana in local tcacher's plane. Apparently

did 0¥, Comnunicatfons may have saved trip,

Mula, 18: Ultraviolet burns of curnca (eye) from welding., 'Talked
with phyaiclan on satellite raedio and cent to Fort Yukon by regular
plane nent day (patient had recovered)., Reliable 24~hour comuuni-

cat.ion m1y have saved an unnecessary tsip.

Female, 2: 1Ingested 2 Hydroclorothiazide tablets (diuretic) instead
of Aspirin, ‘As an alrplane happened to be in the village the health

alde chartered to Tanana with the Mother. A consultation could have
saved the trip.
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Attachment V1.4

DEMOGRAPHIC DATA ABOUT THE EXPERIMENTAL GROUP AND THE CONTROL GROUP OF VILLAGES
From the SPIRES file,

SATELLITE VILLAGES ( experimental group)

AOMUIITY(S) PAR MDA 1Y A PA YWY T RS PE PR VA LA LD

Allalaket 17 183 97 Lt 0 0 n 2 ¥ €100 1 £3x162
Anatuvuli Nass nn " 9% 1 AN 0 2 YN0 H 1 raxlst
Arctic Y1llage r5 2 97 1 0 0 0 2 ¥ 9 N 1 Gox14y8
fhalkytstk 132 123 o5 2 N O 0N 2 ¥ 9 " 1 5C6x1k3
Musita 150 151 195 1 0 0 3 2 N 6 109 1 €6S5xish
M"ulato 3400788 97 1 0 0 % 2 Y 6 100 1 G6hxlso
Prihy 1 1%k o2 1 . n 5 3 2 % 9 N1 G&hxlhs
Stevens Y1llage Th 72 a7 1 4 9% 4 1 ¥ N 71 C(C8xinn
Venetle 112 178 95 1 0 0 9 4 Y 9 N1 G67x14F

12660 1233
NON=- SATELLITE VILLAGES( control group)

(‘0.’"”“”|T‘:’(S) nPAD MBAn ,'""- }oep T T p,\ 5 PS on 1°4 A |(\

Seavar 1M ¢ 87 1 Y 2 1 4 M g y! Alx1t7
Cantwel) 0 L3 69 2 1 12 5 1 1 n FCxiLn
Clrele 13 3 .69 1 1 n b 0 6 1 65x14y
Hurhen e5 73 086 1 1Y 9 3 2 ¥ 1 190 31 fLx1se

Yaltae WwE 1”3 94 1 1 A 5 2 ¢ 17) 1 u!xl"q
Yavubhuk 1245 121 98 1 A A 3 3 %X 9 A1 rnugin?
Minto IFS 157 .85 1 1 2 4 2 £ 190 1 foxin)
Nanana 32 162 39 2 1 A 5 1 € 100 1 o6hxlsn

Rampart 36 21 58 1 A O 4 2 n 0 1 65x150
5 1196 872

reference code attached
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Reference Code for

ALASKA COMMUNITIES FILE fn SPIRES System

POPULATION
POP = TOTAL POPULATION FOR COMMUNITY
NPOP = NATIVE POPULATION FOR COMMUNITY
N% = NATIVE POPULATION/TOTAL POPULATION

TRANSPORTATION

A = AIRPORT
UNAVAILABLE
SCHEDULED SERVICE
UNSCHEDULED SERVICE
ROADS
UNAVAILABLE
AVAILABLE
WATER TRANSPORTATION
UNAVAILABLE
FERRY
RIVERBOAT

0
1
2
RO

0
1

WT

# o 0 4 8 2 o R

0
1
2

COMMUNICATION
T = TELEPHONE

UNPLANNED
EXISTING RCA BUSH TELEPHONE
RCA BUSH TELEPHONE PLANNED, PHASE ONE
RCA BUSH TELEPHONE PLANNED, PHASE TWO
RCA BUSH TELEPHONE PLANNED, PHASE THREE
COMMERCIAL TELEPHONE AVAILABLE
HIGH FREQUENCY RADIO AVAILABLE
UNAVAILABLE -
PRIVATE
STATE
PUBLTIC HEALTH SERVICE
BUREAU OF INDIAN AFFAIRS
UNKNOWN OWNER
S = SATELLITE

X = LINK AVAILABLE

(BLANK = UNAVAILABLE)

nnunu

VWO

S DT I A I A A ]

N WM -=O

POWER
PS SOURCE
UNAVAILABLE
INDIVIDUAL GENERATOR
DIESEL GENERATOR
TIE LINE
SCHOOL GENERATOR
REA
POWER AVATILABLE, SOURCE UNKNOWN
DISTRIBUTION

(SHOWN AS: % OF RESIDENTS WITH POWER)

LS SO O B S B B |

NSO

PO

i

HEALTH AIDES

HA = NUMBER OF HEALTH AIDES ASSIGNED
o (BLANK = NONE)
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Reference Code for ALASKA COMMUNITIES FILE in SPIRES System, Continued

COORDINATES
LA = LATITUDE
LO = LONGITUDE

NOTE: BLANKS are to be treated as an indication of MISSING DATA
except as noted under SATELLITE and HEALTH AIDES.
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Attachment V1.5

ANMC HOSPITAL

Hospitalization Rates Before and After Satellite Installation

Satellite Villages

Non~Satellite Villages

| Before After Before After
S FY FY FY  FY FY
1970 1972 1973 1970 1972 1973 :
Number of Patients !
~=16 categories of
medical diseases 32 32 50 50 28 24
-~Pregnancy/delivery 1 2 7 2 2 1
-~Sociobehavioral 8 4 7 10 11 9
~=Supplemental 12 10 14 8 3 4
Total 53 48 18 70 4 38
Days of Stay
~-~16 categories of :
medical diseases 997 . 630 878 1,461 599 545
--Pregnancy/delivery 11 8 53 27 36 3
~=-Sociobehavioral 121 96 189 478 178 228
--Supplemental 179 73 109 121 36 n
Total 1,303_—' 807 1,229 2,087 7849 807
Average Length !
of Stay '

--16 categories of . : | :
medical diseases 26.9 ; 19.7 17.6 ©  29.2 21.4 22.7
--Pregnancy/delivery 11 i 4 7.6 i 13.5' 18 3 !
--Sociobehavioral 15.1| 24 27 41.8° 16.2  25.4
--Supplemental 4.9 7.3 7.8¢ 151, 12 7.7 1
Average in all cases -  22.5| 16.8  15.7 29.8Tl 19.3  21.2
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Attachment v71.,6

TANANA HOSPITAL

Hospitalization Rates Before and After Satellite Tnstallation

Satellite Villages Non-Satellite Villages
!

| Before ! After Before After
| i I
Y OFY FY FY | FY FY
1970 . 1972 1973 1970 | 1972 1973
3 L
I .

Number of Patients ‘ d

--16 categories of

medical diseases 94 109 84 ' 66 @ 66 35
--Pregnancy/delivery 20 19 16 3 8 12 0
~-Sociobehavioral 49 40 w | 25 3 28
~-Supplemental 3 62 50 ; 16 29 8

Total 197 230 198 f} 115 © 138 71
Days of Stay :
~=16 categories of | Z

medical diseases . 773 | 914 987 | 453 698 475
~-Pregnancy/delivery 282 354 304 | 146 = 225 0
--Sociobehavioral 375 400 395 ; 248 197 336
-~Supplemental 198 248 329 ? 86 202 87

Total 1,628 1,916 2,015 | 933 ?,322 898
Average Length E

of Stay ;

--16 categories of , i j :
medical diseases 8.3; 8.3 11.7 G.Q 10.6 13.6
--Pregnancy/delivery 14.1§ 18.6 19 % 18.23 18.7 0 ;
~-Sociobehavioral 7.6; 10 8.2 9.9; 6.3 12 2
--Supplemental i S.Si 4 6.6 i 5.4: 6.9 10.93

. T
Average in all cases 8.3] 8.3 10.1 8.1 9.6 12.6. .
, »

— b
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Attachment v1.,7

BOTH HOSPITALS

Hospitalization Rates Before and After Satellite Tpstallat ton

Satellite Villages Non-Satellite Villages
Before - After " Before After
FY FY FY FY FY FY

1970 1972 1973 . 1970 1972 1973

Number of Patients ,

--16 categories of !

medical diseases © 131 141 134 116 94 59
--Pregnancy/delivery 21 21 23 10 14 1
--Sociobehavioral 57 44 55 35 42 37
--Supplemental 46 72 64 24 32 12

Total 255 278 276 ' 185 182 109

Days of Stay

--16 categories of

medical diseases 1,770 1,542 2,226 ‘1,870 ‘1,323 934
--Pregnancy/delivery 293 : 362 357 173 j 261 ’ 3
--Sociobehavioral 496 496 584 726 . 375 564
--Supplemental 377 ¢ 521 438 207 - 238 118

Total 2,936 ?;;921 3,605 T2,976 ;,197 1,619
Average Length E f £
of Stay g !
--16 categories of ‘g % %

medical diseases 13.5¢ 10.9 16.6 16.2 14.1 15.8
--Pregnancy/delivery 13.9i 17.2 15.5 + 17.3 18.6 3
-~Sociobehavioral é 8.7 11,2 6.8 é 20.4 8.9 15.2
-~Supplemental ; 8.2 7.2 6.8 ? 8.6 7.5 9.8

o Average of all cases . 11.1 11.6 13.1 16.1 12.07 14.9
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Attachment VI.8

Categorizations of Diagnosis and Groups of Diagnosis

in Four Major Categories (inpatient diagnoses)

FIRST CATEGORY: PROBLEMS WITH CLEAR PHYSIOLOGICAL ORIGIN AND MANIFESTATION
(16 Categories of Medical Diseases)

Tuberculosis
Venereal diseases, all forms
Infectious disease commonly arising in intestinal tract
Other bacterial diseases
Diseases attributable to viruses
Other infective and parasitic diseases
Malignant Neoplasms
Buccal cavity and pharynx
Digestive organs and peritoneum
Respiratory system
Breast and genitourinary organs
Other and unspecified sites
Lymphatic and hematopoietic tissue
Benign and unspecified neoplasms
Diseases of thyroid gland
Diabetus mellitus
Disease of other endocrine glands
Avitaminoses and other metabolic disease
Diseases of blood and blood-forming organs
Inflammatory diseases of central nervous system
Other diseases of central nervous system
Disease of nerves and peripheral ganglia
Other disease and conditions of eye
Otitis Media
Other diseases of ear and mastoid process
Vascular lesions affecting central nervous system
Rheumatic fever
Chronic rheumatic heart disease
Arteriosclerotic and degenerative heart disease
Other disease of heart
Hypertensive heart disease
Disease of arteries, veins and other diseases
Acute upper respiratory infections
iInfluenza
‘Pneumonia
Bronchitis
Other disease of repiratory system
Allergic disorders
Disease of buccal cavity and esophagus
Disease of stomach and duodenum
Appendicitis
Hernia of abdominal cavity
Other disease of intestines and peritoneum

IToxt Provided by ERI
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Disease of liver, gallbladder, and pancreas
Nephritis and Nephrosis

Other diseases of Urinary System

Disease of Male Genital Organs

Diseases of Breast and Female Genital Orxgans
Infections of Skin and subcutaneous tissue
Other diseases of skin and subcutaneous tissue
Arthritis and rheumatism

Osteomyelitis and other diseares of bone and joint
Other diseases of musculoskeletal system
Congenital malformations

Certain diseases of early infancy

SECOND CATEGORY: "SOCIO-BEHAVIORAL' PROBLEMS

Mental Disorders
Acute brain disorders
Chronic brain disorders
Psychotic, psychophysiologic, psychonehrotic, personality disorders
and mental deficiency
Alcoholism
Accidents
Fractures
Dislocations, sprains, and strains
Head Injury (excluding skull fracture)
Internal injuries of chest, abdomen and pelvis
Lacerations and open wounds
Superficial injuries, contusions
Burn %
Adverse effects of chemical substances
Other adverse effects

THIRD CATEGORY: PREGNANCY, DELIVERY, AND COMPLICATIONS

Complications of pregnancy
Abortion

Delivery

Complications of the puerperium

FOURTH CATEGORY: (RESIDUAL)

Symptoms, Senility, and Ill-defined conditions
Supplemental treatment
Special conditions and examination without sickness
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ATTACHMENT VI.9

The following sample transcripts have been excerpted from
several different days of "Doctor Call." They are included
here to give a general impression of how audio teleconsultations
sound. These excerpts are taken from tapes of the interactions
and include several different doctors and health aides. All
identifications, especially those referring to patients, have

been removed.
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Conversation 1

TANANA - Tanana calling (village).

VILLAGE ~ This is &illage) back to Tanana. I've got negative medical traffic

T

B < < 1

H o< 4 <

<o o o

for you, over.
OK, did you ask about Darvon and breast feeding yesterday?
Roger on that, over.

Uh, generally, as a rule, we don't like people taking any medication
when they are breast feeding, but there 1s no problem caused by taking
Darvon when breast feeding. As a tule for advice, I wouldn't recommend
people taking medicine while they're breast feeding, because some of it
usually gets to the baby in the milk, but there is no knowm specific
problem with 1it.

Roger on that. She's fairly much better yesterday and today. I just told
her not to take that Darvon. I've got nothing else for you if you have
anything for me.

No message today. This 1s Tanana clear with (village).

Conversation 2

Tanana calling (village).
(village) back to Tanana, I have one for you, over.
I didn't copy, you have one for me? over.

Roger, Roger, Roger, I have (female patient), age 11, have sore eye.
She, her eye, the white part is red and now her eyelids is pussy, over.

Did she hurt her eye, did she get anything stuck in it, how does the
clear part of the eye look? over.

It looks red. She woke up like that day before yesterday morning. over.
OK, 1s she on eyedrops now, or did she start? over.

She just came to clinic just awhile ago so I'm just reporting her now, over.

OK, I think she'll improve with eyedrops about every 4 hours while she

1s awake; while she's awake, I'd put eyedrops in that eye every four

hours - have her hot pack and wash the eye when she gets up and is home
from school and at nighttime at least. She should keep her fingers out

of the eye -~ make sure she's not picking at it. If it itches or something,
she's got to get a paper towel and put some water on it or a wash cloth and
wipe off the outside of her eye. She can't pick at it with her hands, over.

Roger, Roger. I talk to those stations last night about the eye clinic
but they didn't give me yes or no and they said that they would see me
later. I talked to (female patient's) mother, and she wanted her to zo,
but she would let me know later. I also talked to (female patient) and
(male patient). He's got no problem with his new glasses so he said he
doesn't have to go to the eye clinic . . . over.
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L]
t

OK, fine, we've got a few days to figure out who's coming, that's
fine and (male patient) doesn't need to come up and its good they're
thinking about it and we'll get an answer from him soon, over.

<3
1

Roger, Roger, that's all I have OH, excuse me, day before yesterday
(male patient), age 7, was playing in the yard, schoolyard, e&nd fell.

I don't know how he fell, but his mother brought him to me about 2:30
and I , uh, his arm was kind of hanging so I start feeling around

and he looked 1ike he had & broken collar bone so I put a bigger

ace bandage on it and yesterday I checked him, it was loose, 1 tightened
it again and he's doing OK, I check him this morning -~ Le was OK, over.

OK that's fine, make sure that they understand that the figure of eight
needs to stay on for longer than just until it's comfortable., It
should stay on until the collarbone is non-tender - so that you can
push around and it doesn't hurt and that it's stable so he'll need

“ to wear 1t for a number of weeks probably at least 3, over.

Roger, Roger. That's what I told the mother that it should be on
at least 3 weeks. Also yesterday, after your medical traffic, (male
patient), age 13, came in and he got kicked right in the side - on

_ the right gide ~ shows a little bruise - but not real bad. He said
<~ 1t hurts i:en he puts his weight on it, but I had someone haul him

L]
1

<3
1

to his house and told him that he should stay in bed and I
checked-hih after that and he was sitting up looking at comics and
I asked him 1f it hurt, and he said not as long as he didn't step
on it, and he could walk good, he just couldn't put his weight on
it, over.

L]
[

Where is the bruise? over.
Outside of left - outside between hip bone and knee.

OK, let's just see how he does = sounds 1ike a pretty deep bruise,
but if he's walking ok and the bone seems intact, uh, just have him
contact you if things aren't clearing up. No other message here.
Thank you.

Roger, Roger. I also checked (female patient) this morning and she's
- fine. She's using her hands and no problem now, over.

4

L]
1

<
{

L]
{

OK, that's good to hear. 1It's a lucky one. those_injuries can be
pretty bad. Did the teacher's wife taks off to have a baby? over.

Roger, Roger. That's last week - she's over in Nome now, over.

0K, just trying to keep an idea of how many women close to term we
have outside. That's fine - 1f there's no other traffic - this will
be Tanana clear with (village).

-H <
] {
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Conversation 3

T - (Female patient) 1is doing well. Talked to some of the doctors and
think she'll be in the hospital a total of six weeks since she was
admitted. She's doing well as far as her leg goes but she has
diarrhea but is under control. We wondered if you had any diarrhea
in your village. They think it might be something she could have
picked up up there. Has anyone else had a lot of diarrhea? over.

V -~ Roger, Roger. We have had a few cases of diarrhea. As 1 recall,
I think (female patient) complained of this backache but she didn't
have loose BM, over.

T ~ Roger, have the people been sick with diarrhea for a long time and
have they had fevers or have they just been a one or two day thing? over.

V - Roger, Roger. I had (male patient) with diarrhea with high fever.
He did have a high fever of about 103° and he did have diarrhea with
it. He didn't get over until about one week, over.

T ~ How long ago did that person get over it and did he have any vomiting
with 1it, over.

V - Negative on vomiting, he did not vomit, but he just didn't feel 1like
eating for about 3 or 4 days - he did not eat. But he did have high
fever and he 1is well right now.

T - Roger, Roger. Thanks a lot for the information. I don't think there
are any more patients from (village) here and I will try to let you
know how (female patient) is doing.

V - Did you say she will be hospitalized about 6 weeks?

T - They put a pin in the lower part of the leg just below the knee.
It goes right through the bone. It doesn't cause her much pain, only
a little bit. When it goes in there they freeze thut part of the
leg. They put that pin through so they can put some stretching on
the bone that she broke so it will line up properly and heal properly
and so she has tc lie in bed with that lower part of her leg pinned
so it will pull the upper part of her leg inte the proper alignment
and it takes about 6 weeks I am told, and that's - I expect she'll
be in the hospital about a total of six weeks. Did you copy that? over.

vV - Roger, Roger. We copy that. Now that she will be in the hospital
six weeks, do the children go to school in Anchorage hospital? over.

T - Roger, yes they do. I don't know what kind of arrangement will be
made for (her); she'll probably have to stay down in her room, but
there is a school here and they do try to keep up somewhat with their
school work, over.,

V - The teacher here was thinking she could be sending some school work
down to the children at the hospital. Do you think that would be-
OK 1f teacher sent work so they won't get too far behind? over.

T - I'1l see what I can find out. It sounds like for the next one or two
days (she) will probably be getting over this dfarrhea. 1I'll talk with
the teacher or whoever runs the school here and see what they say and
try to let you know tomorrow. Is that OK? over

LS
IERJ!:‘ V - Roger, Roger.“ That sounds OK. (Village) clear.
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Conversation 4

(Village) ... and 1 have one patient.
0K, go ahead, over.

(Female Patient), age 22, has a burn on left hand from Friday. Now
it 1s infected and red around it.

She's had the burn for one week, over?
Yes, it's got infected now, over.
How big is it and how deep is it? over.

About 1 inch by 1 inch wide} it had blister but the blister turned
to infection, over.

0K, how 1is she taking care of it now? over.
She's soaking it four times a day, over.
Has she used any ointment on 1it?

She's using vaseline on the burn, over.

OK, start soaking it in soapy water three times a day. Use your burn
ointment on it three times a day after she washes it. Use a sterile
covering on it to keep it clean. If she's not allergic to penicillin,
start her on penicillin tablets one four times a day for the next
three days. If it's not improving or it gets worse, let's talk

about it on the weekend, over.

I'm out of penicillin tablets, over,
Tanana back to (village), please repeat, over.
I'm out of penicillin tablets.

0K, they were sent yesterday. I don't know if you will get them though.
Use your penicillin suspension, uh, or do you have erythromycin tablets.
I'd 1ike to save your penicillin suspension. Do you have erythromycin
tablets? over.

Yes, I have lots of that, over.

Well, start her on 1 tablet erythromycin four tiuwes a day along with
the local care, washing and the ointment. Use the ointment only
until the skin heals cover and then stop using it, over.

It will be for how long? over.

Well, we'll see for three days now, until we see how she is coming
along. She'll probably be on it for five days or until the skin is
closed, over.

Roger, Roger.

Any other traffic? over.

No, this is all the traffic I have, over.

OK, thank you. This will be Tanana clear with (Village).
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Attachments to Chapter VIII

VIII.1 St. Paul Doctor's questionnaire
VIII.2 Consultants' questionnaire

VII1.3 "List of diagnoses of the consulted cases
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Attachment VITI.1

St. Paul Doctor's questionnaire

(The figures refer to the number of
times each square was checked on

the 17 questionnaires filled out,)




1
2)
L)
5)

6)

7)
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TO BE DONE_PRIOR TO RADIO CONTACT

Patient Name:

Date: 3) Sex:

Inltial Dlagnosis: I

Severlt9 Classification: (Realizlng It Is difficult to develop a universal severity
classification, please check the most nearly descriptive
category)

Class |: A simple question about an esscntially asymptomatie indlvidual,

l.e., about medicatlion, preventive management such as an lmmuniza-

tion or the use of a household remedy. 7
Class 2: Evaluation of a minor but symptomatic problem relating to a

particular organ system, for Instance URI or urlnary tract infec-

tion with little potential to become a severe problem and Iittle —

potentlal for mortallty. 17
Class 3: Evaluation of a mod:zrately severe problem with potential for

deterioration to a severe problem or to disability or chronic

disease with moderate potentlal for mortallty. /16
Class 4: Evaluation of a problem producing severe symptoms or potential

disability or a chronlc process with a high potential for -

mortallity. /57
Class 5: Evaluation of a severe problem of 1ife-threatening proportions. /17
Urgency Scale:
Class 1: HNot at all urgent - delay of | week would not effect outcome re. —

health scatus. /157
Class 2: Some urgency - delay of a few days might result in signlficant -

worsening /8 /
Class 3: Urgent - dalay of 24 hours affords substantlal risk to patient 157
Class 4: True emergency exists /17

|

Realizlng there are many reasons for consultation, would you check the most nearly
descrintive categories for consultation songht in this case:
Primary Also Signifi- Not Signifi-
Purpose cant cant
For diagnosis /67 /37 /37
For treatment Ya%74 /57 Y 72
For preventive managément /a7 /57 57
For patient reassurance )1 /377 /157
paticnt mnotivation /217 rwi /117
H.D. reassurance /57 /s7 | /37
A
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8) (Prior to radlo contact) regarding transfer:
a) patient probably doesn't nced transfer
b) patient should be transferred via weekly or biweekly alrplane

¢) patient should be transferred via charter (as soon as possible)

JENER

9) Service sought: (Surgery, medicine, etc.)




1)
2)

i)

5)

6)
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TO BE FILLED OUT AFTER CONTACT

Post Contact Diagnosis:

The service and/or individual sought was contacted:

Yes: [/ 7 No: /7

e

The results of the consultation were:

a) No change in management recommended 157
b) Diagnostic studles suggested 137
¢) Change or institution of treatment /57
d) Transfer atranged or suggested /157

Do you feel the consultation would have been materially improved by the addition oi:

a)Facsimile transmission 127
bYECG or other physiological parameters 117
c)Audiovisual transmission (slowscan T.V. one-

way to Anchorage) /77

NONE OR NO ANSWER

In rating the value of the contact In management of this patient:
a) Not at all valuable 17
b) Minimal value A
¢) Moderately valuable 157
d) Very valuable A
Concerning predicted outcome relative to this patient the consultation had:

a)no effect on eventual outcome /17

b)some cffect probably only relative to symptoms
probably not influencing future disability 10/

c)definite effect relating to future wellbeing or _—
prevention of disability : 14/

d)marked effect possibly life saving or prevention
of major disability a7
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Attachment VIII.2

Consultants' Questionnaire

(The figures refer to the
number of times each square
was checked on the 29

questionnaires filled out.)
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STANFORD UNIVERSITY
STANFORD, CALIFORNIA 94305

INSTITUTE FOR COMMUNICATION RESEARCH CYPRESS H/

Telephone
aspinau
Extennon 2
Dear Doctor __ . :

You recently consulted with Dr, Ted Humphry of St. Paul
Island via the ATS-1 satellite radio, concerning a patient
whose name 1Is written on the bottom of this letter.

We are evaluating the impact of the communication system
via ATS-1 on the health care of the people served. 1In this
instance, we are investigating the effectiveness of radio
consultation between physicians,

The effectiveness of consultation to a remote site may be in-
fluenced by a variety of factors, including the resources avail-
able at the remote site, the seriousness of the condition and
the diagnosis. There are also other factors which influence

the incidence of consultations, such as the level of anxiety

in both the patient and provider.

The accompanying data collection form asks for information
along these lines. This information will be correlated with
data collected by Dr. Humphry from his vantage point in the
consultative interaction,

The form i{s a series of scales relating to complexity, urgency,
the reasons for the consultation and the results of comnsultationm,
It should not take more than a very few minutes to complete, and
your cooperation will be greatly appreciated. There is an
attached stamped envelope which can be used to mail the form
directly to me.

Sincerely,

4

Z()/L;(()'( [ ‘t %_’j »/é’/;///
William C, Fowkes, Jr., M.D.
ATS-1 Evaluation Project Patient's Name

Date of Consul:ation
Diagnosis
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1) Consultant's Name:

2) Department:
3) Date of consultation:
4) Diagnosis:

¢ a— e

5) Severity Classification: (Realizing it is difficult to develop a universal severity

classification, please check the most nearly descriptive
category)

Class 1: A simple question about an essentially asymptomatic individual,
i.e., about medication, preventive management such as an immuniza-
tion or the use of a household remedy, 17

Class 2: Evaluation of a minor but symptomatic problem relating to a
particular organ system, for instance URI or urinary tract infec=-

tion with little potential to become a severe problem and little -
potential for mortality. a7

Class 3! Evaluation of a moderately severe problem with potential for
deterioration to a sewere problem or to disability or chronic

disease with moderate potential for mortality. LEE/
Class #4: Evaluation of a problem producing severe symptoms or potential
disability or a chronic process with a high potential for
mortality. /4
Class 5: Evaluation of a severe problem of life~threatening proportions.
/57
6) Urgency Scale:
Class 1: Not at all urgent - delay of 1 week would not effect outcome re
health status. 114/
Class 2: Some urgency - delay of a few days might result in significant _
worsening. | /17
Class 3: Urgent ~ a delay of 24 hours would have meant substantial risk
to patient. /! 2/
Class 4: True emergency existed.
Y

7) Realizing there are many reasons for consultation, would you check the most nearly
descriptive categories for consultation sought in this case:

Primary Also Signifi- Not Signifi-

Furpose cant cant
For diagnosis /17 7 /37
For treatment /177 /107 f757
For preventive management /67 /37 /%7
For patient reassurance [:27 (:57 [327
For patient motivation [:IT [:§7 /II?

‘ M.D. reassurance f-57 /T37 /
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8) The results of the consultation were:

9)

10)

11)

a)
b)
c)

No change in management recommended

e,
o~

Diagnostic studies suggested

&l

Change or institution of treatment

|

.
s
O
S
h J

d) Transfer arranged or suggested i-_
Do you feel the consultation would have been materially improved by the addition of:
a) Facsimile transmission 77
b) ECG or other physiological parameters i§:7
¢) Audiovisual transmission (slowscan T.V. one- —
way to Anchorage) /6
NONE OF THEM OR NO ANS.4iR /19
In rating the value of the contact in management of this patient:
a) Not at all valuable [o7
b) Minimal value fEZT
¢) Moderately valuable ;%%7
d) Very valuable fi%7
Concerning predicted outcome relative to this patient, the consultation had: g
a) No effect on eventual outcome 37
b) Some effect probably only relative to symptoms — ‘
probably not influencing future disability [3{7 -
¢) Definite effect relating to future wellbeing or
prevention of disability (137
d) Marked effect possibly life saving or prevention .—-

of major disability J&7
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Attachment VIII.3

DOCTOR-T0~-DOCTOR CALL=--St. Paul =~ Anchorage
Diagnoses of the Consulted Cases

G.I.Bleeding

Fractured Tibia

Fractured both Forearm bones
Adjustment reaction of Adolescence
Barly dos. of Ant. Fontanel
Foreign body in ear canal
Fractured radio and tibia
Adjustment reaction of Adolescence
G.I. Bleeding

Probably missed abortion

Angina

Epigastric pains

Tonsillitis, fever, septicemia
Coma, etiology

Ischemic heart disease

Post auricular abscess, mastoiditis
sebaceous

Iritis

Rectal Mass

Chest pain pleural
Ruptured globe
Perforated gastric ulcer
Rectal Mass

Breast abscess
Hyperventilation
Herniatum
Fractured arm
Pancreatitis
Pleuritis chest

Specfalty
Medicine

Orthopedics

1]
Mental Health
Pediatrics
Otolaryngology
Orthopedics
Mental Health
Medicine
Ob-Gyn
Medicine
Surgery
Pediatrics
Medicine

ENT

Eye
Surgery
Medicine

Surgery
Surgery
Ob-GCyn
Medicine
Pediatrics
Orthopedics
Medicine

Note: In two cases the diagnoses were not reported
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IX.4

IX.5
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Attachments to Chapter IX

Description of the course
CCU Course objectives
CCU Course schedule

CCU test and standards

Tabulation of student responses to evaluation questionnaire
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Attachment IX.1

Course Humber: Medical Sclence h93

Title: Coronary Care Nursing (2+2)
Credits: 3
Flrst Offcred: Fall, 1974

Course Description:

This course will enable students to effectively care for coronary patients
and will glve them a workling knowledge of coronary care units and equipment,
Emphasls will be placed on detection, identification, &nd treatment of
cardiac problems through signs and symptoms, and arrhythmias through e!ectro-
cardlography. Anatomy, physiology, and pathophysiology of the cardio=
pulmonary system will be reviewed in detail as well as pharmacology specific
to this field. CPR and electrical safety will also be discussed. HNursing
Intervention and care will be a continuing theme throughout the course. One
two-hour lecture will be presented via satellite radio per week. Additlonal
handouts and textbook reading wil) be assligned.

Estimated Enrollment: 20

Offered as Speclal Toples: VYes

Requlired for Degree: No

Replacing Required Course: No -

Justification for Offering:

Due to the increasing knowledge, spectallzatlon and equipment evolving in
this fleld, it Is necessary to keep the nursing population informed and
capable of handiing cardiac problems. The remote area medical personnel are
the first and therefore the best people to detect and treat cardiac problems.

Prerequisites:

Course Is open to reglstered nurses, licensed practical nurses, medics,
physicians asslistants, and other health workers with proper medical back-
ground. Consent of instructor required for prospective registrants other
than those specifled.

Instructors: Richard Lyons, M.D. (Chairman)

Betsy Ovitt, R.N. (Coordlnator and Llnstructor)

Guest Lecturers

Consultation of Nancy White R.N., Clinical Nurse Speciallst,
Washington-Alaska Regional Medical Program’

Course Outline: Attached

i
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Texts: Andrcoll, Hunn, Zlpes & Wallace, Comprchensive Cardlac Care,
N C. V. Hosley Co., Second Edlition.

Addttional Student Materials: Folder from Amertcan Heart Association
Syl labus
Handouts

Methods of Exaninming and Testling:

A mldterm and final exam proctored by the group leaders will each con-
tribute 25% toward their grade. Qulzzcs before each week's lecture witl
accumulate to another 25%. The final quarter will be based on their
additional asstgnments from each topic. A letter grade will be issued
at the end of the course.

. ’
R



2,

3.

9.

10.

1.
12.

13.

ccU COURSE OBJECTIVES
To develop a working knowledge of the anatomy, physiology,. and patho-
physlology of the cardio-pulmonary system.

To Incrcase knowledge and understanding of the causes, complications,
and treatment of paticnts wlth myocardial iInfarction and disorders of
the heart beat,

Yo Increase knowledge and skllls In recognizing and Interpreting clec-
trocardiography, cspeclally the recognition and trcatment of lethat
dlsorders of the heart.

To be able to properly use electronlc monitoring and defibrililating
equipment.

To develop skills in early recognition and treatment of cardiac com=-
plications.

To be familiar with CPR principles and practice and to confidently
inltlate them In an emergency situation.

To develop an understanding of the basic drugs and their deslired and
toxic effects In relation to the cardiac patlent.

To develop a basic understanding of the laboratory tests pertalning
to cardlac and resperatory disease and their significance and iIn-
terpretatlon as used for the cardiac patlent.

To develop a working knowledge of fluid and electrolyte balance in
relation to the coronary patlent.

Yo be aware of the respiratory system as a separate entlty and as an
Integral part of the cardio-pulmonary system; and to be aware of the
function ard use of avallable respiratory equipment.

Yo develop a basic knowledge of electrical safety as applied to the
hospltal setting.

To be able to develop and apply a working knowledge of all aspects of
patlent care In relation to the cardiac patlent.

To be aware of the fact that knowledge and skills galned In this
course can and should be applied with confidence in any type hos-
pital setting.
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Attachment 1X.3
SCHEDULE FOR CORONARY CARL COURSE, FALL, 1973

Toplcs

Introduction to course, Revlew of the anotomy and physiology of
cardlo-pulronary system. ‘ )

Electrocardiography and Ponitoring., Normal EKG configuration.
Relationship of EKG to hcart activity., Principles of taking
proper EKG. Proper monitoring of the pt. How to achicve it.

Pharmacotogy. Discussion of actlion, uses, and toxic effects of
cardlac glycosides, antiarrhythmic, sympathomimetic, anticholin-
erglc, anticoagulent, diuretic and miscellancous agents.,

Uncemplicated Ml. Coronary heart discase, definition and
implications. Presenting signs and symptoms of angina, Ml and
coronary insufficiency. Lab tests and EKG used for diagnosis.
Treatment in the uncomplicated course for pt. Nursing care.

Complicated MlI. Presenting slgns and symptoms and Rx for con=~
gestive heart fallure, cardiogenic shock, embollsm, aneurysm
and tamponade, Nursing care.

Sinus arrhythmias. ldentification and treatment of cardiac
arrhythmias which arlise in the sinusnode.

Atrial arrhythmias. Identification and treatment of cardtlac
arrhythmlas which arise in the atria,

Junctional (Nodal) arrhythmias. Identification and treatment
of cardlac arrhythmias which arise in the A-V junction (rode)
Bundle 3ranch Block.

Ventricular arrhythmias. Identification and treatment of cardlac

‘arrhythmtas which arise in the ventricles.

Heart Block. fdentification and treatment of heart block. Pace-
maker equipment. Nursing care of patient with pacemaker.

CPR - Elcctrical Safety. Principles In using CPR. Princlples of
electriclty and electrical safcty in the hospital setting.

Respiratory System. Review of physiology. Respiratory system _
Importance tn cardiac carc. [lnhalation therapy equipment and uses.

Epldemlology, Rehabillitation of Coronary Patients. Learning needs
of pt.

Congenltal defects. Signs and symptoms. Treatment.

Open.  Questions and review.
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Attachment IX.4

Description of Washington/Alaska Reglonal
Medical Program CCU Test and Standards

The tests used by Washington/Alaska R.M.P. for pre and post testing

contain 100 items each which are weighted in the following fashton:

CCU Concepts 1)

Anatomy and Physiology 3)

The Classic Mi 8) Summarized as CCU Concepts
Diagnostic Tests 5)

Rehabilitation 8)

Complications of an Mi 13)

(excluding arrhythinias) ) Summar ized as Complications
Electrocardiography 8)

Equipment and Safety 3) Summarized as Arrhythmias
Arrhythmias 19)

Chemical Therapy 13) Summarized as Chemical Therapy
Other Therapy (i.e.

pacing, resuscitation) 19) Summarized as Other Therapy

The pre and post tests are of equal difficulty according to standard
statistical measures. The student answers each question with what he supposes
to be the correct answer and in addition rates certainty of that answer on a
scale from one to three or absolute certainty to guessing. The computer summary
of the students' scores then computes not only how many questions were answered
correctly but also the number of questions that the student was certain about
and how many which he or she says she was certaln about tha§ she actually
ansered correctly, Thus the tests can measure three areas of potential change

from pre to post course:




1. Change In knowledge (right/wrong score)
2. Change In expressed certitude and guessing

3, Change In ablllty to evaluate the students' knowledge about CCU nursing

These three factors are recorded for the overall exam as well as for
solid content area within the exam for each student and each class taking

| the exam. (See Attachment VI)
The reglonal mean for the pre-test Is 32%; the reglonal mean for the
post test is 53%. The rellabf\lty coeffliclent of these exams when admin-

Istered to a group of ten or more indlviduals range from 0.89 to 0.95.
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Attachment IX.5

Tabulatlon of Student Responses to
(:irse Evaluation Questionnaire

A. Course Content

1. 1In general, do you feel the course content was:

1 2 3 4 s
a. hard to follow 1 3 4 4 3 easy to understand
b. TImpractical 1. 3 6 5 applicable
* ¢. too baslc 6 8 1 too advanced
* d. too much material not enough new, useful
for you to handle 4 9 1 1 Information

Comments:

B. Lectures

1. In general, did you conslder satellite radio lectures to be:

a. repetitious 2 3 10 informative
b. unnecessary 2 3 10 helpful
¢. confusing 2 9 4 organized
% d. too short 8§ 5 2 too long
* e, too basic 1 7 6 1_too technical
Comments:

C. Visual Alds {(Slides)
1. In general, do you consider that the slides were:

unnecessary 1 2 2 1 9 helpful

a»

b. inappropriate to
lecture 4 }1 appropriate to lecture

c. too much trouble
to show 1 3 3 1 7 worthwhile effort

d. repetitious 13 10 added useful input

Comments:
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D. Question Times

Was time allotment for questlioning during lecture:

1 2 3 4 5
a. unnecessary 1 6 8 helpful
*b, too short a period 2 1 10 1 too long each period
¢, too few periods 1 3 9 | too many perlods
d. confusing 1 1 2 11 worthwhile
Comments:
E. Syllabus

in generat, do you feel syllabus was:

unnecessary | 14 necessary

Were extra readings in syllabus:

not helpful 1 1 2 11 helpful

Were lecture outlines:

too general 3 2 3 7 detalled enough

confusing Il 1 2 4 7 easy to follow

did not tell

important polnts ‘1 1 2 6 6 highlighted pertinent polnts

not a help with
notetaking 1 4 10 helped with notetaking

Were study questions:

useless 3 6 6 helpful

adequate b 4 3 3 1 too difficult

pointless 1 5 9 helped bring course together
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Instructor

In general, was the instructor's presentation:

1 2 3 b4 5
monotonhous 2 1 4 8 interesting
mumb 1 ed 1 1 3 10 clear
*too fast 1 7.5 1 1 too slow
difficult to follow 3 2 5 5 easy to follow

Radio Transmission
Was transmission:

garbled 2 2 3 5% 3 clear

full of static 3 5 2 5 wunderstandable

Eleven of the participants indicated that the radio transmission
falled in their area. 7The frequency of this occurrence varled:

frequently 2
several times 3
twice 2
once b
none 3
can't remember |

Ten Indicated that the transmission was sporadic during lectures.
Eight of the participants indicated that they missed a complete lecture.

The ablility to hear the question periods varied. Students indicated
they could hear the questions clearly:

most of the time 6
somet imes 3
couldn't hear clearly 6

Areas that they had consistent difficulty hearing were as follows:

Barrow 2
Juneau 5
Nome ]
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H. Tests
In general, were quizzes: 1 2 3 4 5
not helpful 1 4 10 helpful
too easy 1 9 3 2 too hard
too many * 13 2 too few

Twelve Indicated that the area in which the satellite radio is placed
- was adequate for this type of educational program. Two felt it was not.

Advantages of this course were stated as follows:

continuing education credits

means of updating knowledge

means of providing educatlon to remote areas
a better way to use teachers

a stimulus for learning

long period of time to absorb material

-_— P — NNV

Disadvantages of this course were stated as follows:

poor radio transmission 2
no pertinent patients to apply knowledge 3
no personal contact with instructor 2
lack of visual stimulation 2
not enough EKG 1
nat enough material 1
poor mall service [

Fourteen indicated that they would definitely take another satellite
radio course; one stated maybe. Most Indicated that they would take a satellite
course with video transmission. The advantages of this were stated as follows:

would be able to see the instructor 2
more stimulating 2
visual aids 4

Ways to improve this course were stated as follows:

increase number of visual aids

have contact with a CCU

more rhythm strips

more reference materials

more information on EKG & Ml

shorter length

more practical to patient population

™

— e —— -t - N
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Additloral courses requested for satelllite radio were as follows:

death and dying
pediatrics

drug abuse
Inhalation therapy
refresher courses
emergency care
pharmacology
pulmonary disease
obstetrics

surgery

anything

trauma

alcoholism

stress
comunicable disease

— — e N N N o = DD = = D) O\ N
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Attachments to Chapter XI

Comparison of Anik and Intelsat Satellites

The Satellite System Design Program: A Method of Satellite
Communications System Optimization

Alaska Public Health Service Units Community Profile

Parameters and Costs of the Least-Cost Satellite System
Configuration

The Point Reyes Station Tests

Specifications for a Small Satellite Cormunications Earth
Station

Central Manual Telephone Exchange
Alaskan Indian Health Service Satellite Communication Station

Alaska's Communications Needs and Potential Solutions Utilizing
Satellites

Review of RCA Small Station Request for Proposal
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ATTACHMENT XI.1

Comparison of Anik and Intelsat Satellites

The Canadian satellite and Intelsat IV sateltites bolh have anten
beams which can cover Alaska, Both are operational sntellites in orbil
now and thus could serve as the basis for an Indian Health service commu-
nications system,

To compare the two systems, a link performance-cost analysis was
made. While the link performance analysis was solid, it should be recog-
nized that the cost comparisons are rudimentary., Both the commercial
satellites are subject to the pressures of competition and charges for
use of their transponders varies from time to time. The costs of the
ground systems are also necessarily approximate, The intent is to give
guidance on the total cost, but more importantly, to identify major
differences, if any, between the two satellites,

The cost calculations have used the following assumptions:

1) The capital cost of the ground systems includes the cost of
power amplifier, cost of antenna, cost of pre-amplifier and
and a constant sum of $15,000 for each station to cover the
cost of modulators, demodulators, down-converters, up-conver-

ters, power supplies, cable, etc.

2) The capital cost of the above items is based on purchase of
20 to 50 units,

3) The ground station capital cost is converted to an equivalent
analyzed cost by dividing by 6; i.e., annual cost = 0.17 x
capital cost, This is equivalent to an 8% maintenance cost
and a 6% cost of money with a 20 year lifetime.

4) The satellite charge is assumed to be $3 million per transpon-
der year for either satellite (this figure would be subject to
negotiation),

The power received for this price is assumed to he 0.h0 of the

satellite!'s saturated transponder power, (The transponder must be backed

off from its maximum output at least L dB to avoid mutual interference

between channels.)
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The cost for each channel fs assumed to be proportional to itts use

of this total available power,

power per channel )
I x power saturated

channel cost/yr = $3,000,000 x (O

5) Ten stations share each channel on the average; annual cost
per station is:

channel cost per station = %6 X channel cost/yr

6) Total annual cost per station is the sum of ground station
and satellite cost,

The 1link calculations made here are assuming worst case conditions,
It is assumed that the satellite trensponder beams are not pointed direct-
ly at Alaska and the ground stations are located close to the beam edge,
For Anik, which is pointed towards central Canada, the beam center
Effective Isotropic Radiated Power (EIRP) is 33 dB which gets down
7 to 8 dB before mainland Alaska is covered, even though the Aleutian
Islands and the Alaskan peninsula are not covered by the satellite beam,
Therefore, the satellite EIRP is down to 30-35 dB for the Alaskan region.

The Intelsat IV spot beam is pointed towards the west coast area of
the U.S.A. and the satellite EIRP is down by 5-6 dB in the direction of
Alaska., If the spot beam was pointed at Alaska, the whole area would be
covered by the beam, An advantage in using the Intelsat IV transponder
is 1n being able to adjust the gain, Intelsat IV has 12 transponders
with 8 gain steps; Therefore, if one of its transponders was available
for use in Alaska, the gain could be adjusted to the highest gain step,

thus making possible the use of a less powerful transmitter at the ground

station,
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The costs have been derived in terms of the parameter C/KkT, the
carrier-to-noise ratio that will result from the system being considered,
For any given technique C/kT determines the quality of the resulting
signals, Values of L5 to 55 dB are fypical for voice services, Lower
than 45 dB is usually good only for low rate data; higher than 55 dB is
used for multiple channels of voice, high speed data, facsimile and tele-
vision,

For each combination of equipment the performance, C/kT, and cost
have been calculated for the two satellites, The results are presented
in Table A, Two example link calculations are given in Tables B and C:
these correspond to station combinations (Table A) "0" with Intelsat 1V,
and "Q" for Anik.

The results of these tables are plotted in Figure 1 a and b, Solu-
tions involving 10!, 15*, and 20' antenna diameters are shown with
different symbols. As can be seen, in the C/kT range of around 50 dB,
the two satellites both offer an annual cost of-about $4,500 to $6,000.
Thus for the assumptions made, the two satellites are comparable, Either

could be chosen for the Health Service needs with no major cost disadvan-

tage,
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Table A

Station Cost and Performance

- Intelsat IV Anik
Antcenna Pro-Anp Transmitter C/KkT Cost C/kT Cost
Code Diometer Used Power dB/Hz ($K) dB/Hz ($K)
A 20" Par-amp 1
(Noise temp = 90°K) 100 W 62.46 12,31 65,49 20,04
B 20" TDA ' 100 W 58,2 11.31 60,93 22,08
‘ (Noise temp = QOOOK)
c 20" Par—amp 50 W 59,45 9.15 62,49 14,54
- 20" TDA 50 W 55,23 8.15 57.92 13.54
. E 20" Par-amp 20 W 55.475  7.16 58,5 9,32
F 20! TDA 20 W 51.25 6.16 53.05 8,32
G 20! Payr-amp 10 W 52,46 6.5 55.5 7.567
H 20" TDA 10 W 48,24 5.5 50,04 657
' 20! Par-amp 5 W 49, 45 5.92 52.49  6.45
20" DA 5 W 45,23 4,92  47.83 .45
15' Par-amp 100 W 57.96 8.47 60,749  1%5.53
L 15 TDA 100 W 53,42 7.47 56,04 12.53e
M 15" Par-amp 50 W 54.95 6.40 57.78 .43
N 15' -~ TDA 50 W 50.413  5.40 53,03  8.43
0 15" Par~amp 20 W 50.97 5.06 53.8 6.27
P 15 TDA 20 W 46.43 4.06  49.05 5,27
qQ 15 Par -amp 10 W 47.96 4,61 50.79  5.22
R 15! TDA 10 W 43.42 3.61 46,04  4.22
s 15" Par-amp 5 W 44,95 4.14 47,78  4.443
T 15" TDA 5 W 40.413  3.14 43,03  3.443
U 10’ Par -amp 100 W 51.305  6.08 53.96  &.77
v 10 TDA 100 W 46,51 5.08 49,06  7.77
' 10" Par -amp 50 V 48,29 4,79  50.95  u.i!
X 20" TDA* 50 W 43.5 3.79 46,05 6 1t
Y 10! Par —amp 20 W 44,315  3.92  46.97 LAn
% 10" TDA 20 W 39,52 2,92 42,07 .45
AA 10° Par-amp 10 W 41,30 3.62 43,96  3.89
AB 10' TDA 10 W 36,51 2,62 39,06 2.8
AC 10! Par~amp 5W 38.29 3.23  40.95 3.36
AD 10! TDA 5V 33.50 2.23  36.05 2.36
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Table B

Intelsat IV=Link Calculations for Station "O"

kiokkLI NK PARANETER Suokokx

UP=-LINK FREQ (GHZ) 8

PATH LELGTH TO SAT (¥W) 41173,
PATH LENGTH TO RX (KM) 411173,
DOWN=LINK FREQ (GHZ) 4

SAT G/T ON-AXIS (D3/DEG K) ~14.6
SAT 1M REL TO SATUR FIRP -15
SAT GAIN (DBMW/D3W/SQ ™) 116,5

*kkkLINK CALCULATIONSHx*x

TX PUWR (D3W) 13.6103
TX ANT DIANM (FT) 15

TX ANT GAIN (D3) 46,4843
TX LINE LOSS (DR) 15

TX POINT LOSS (D) ]
UP-LINK RAIN LOSS (DB) !

FLUX AT SAT (D3U/m SQ) -106,787
SAT RX OFF=-AXIS LOSS (DB) 240
C/KT UP (DB) 67.6899
ON=AXIS EIRP (DBW) T.21294
OFF-AXIS SAT TX 1.0SS (DB) 4
PAIN/ATNOS LOSS, DOWNLIKK (DB) 1.5

RX POIKNT LOSS (DR) o3

RX LINE LOGS (D3) o8
PRE-AMP NOISE TEMP (DEG K) S0

SYST HOISE TEMP W/RAIN (DEG K) 234,188
RX ART DIAV (FT) 15

RX G/T (Da/DEG K) 19,2674
C/KT DOUN (D3 /HZ) 51,691
C/IM NOISC DENSITY (D3/HZ) 59,7335
C/¥XT TOTAL (D3/HZ) 5649696
RF BY (KHZ) 15

CRR It RF BY (DB) 9.20865
AUDIQ BY (KHZ) 3.4

UTD TTHR (DR) 21,5418

ANNUAL COST (5K) ‘ 5.06029
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Table C

Anik-Link Calculations for Station '"Q"

kkxkLINK PARAMETERS*okk%

UP-LINK FREQ (GHZ) N

PATH LENGTH TO SAT (K1) 41173,
PATH LENGTH TO RX (KM) 41113,
DOWN=-LINK FREQ (GHZ) 4

SAT G/T ON=AXIS (DB/DEG X) -7

SAT IM REL TO SATUR EIRP -15

SAT GAIN (DBW/DBW/SQ M) 119

*kkkLINK CALCULATIONS* %k

TX PWR (DBW) 9,99999
TX ANT DIAM (FT) 15
TX ANT GALN (DB) 46,4848
TX LINE LOSS ()B) [.5

TX POINT LOSS (DR) .5 —
UP-LINK RAIN LOSS (DB) !

FLUX AT SAT (DBU/M SQ) -129.757
SAT RX OFF=AXIS LOSS (DB) 2,5
C/KT UP (DB) 72,2796
ON=AXIS EIRP (DBW) 6.702G4
OFF=AXIS SAT TX LOSS (DB) 4
RAIN/ATYN0S LOSS, DOUNLINK (DB) 1,5

RX POINT LOSS (DB) o3

RX LINE LOSS (DB) o8
PRE-ANP NOISE TEMP (DEG K) 90

SYST NOIGE TEMP W/RAIN (DEG K) 234,188
RX ANT DIAM (FT) 15

RX G/T (DB/DEG X) 19.2674
C/KT DOWN (DB /HZ) 51,1867
C/IM NOISE DENSITY (DB/KZ) 61,7232
C/KT TOTAL (DB/HZ) 50,7879
RF BW C(KHZ) 15

CHR IN RF BY (D3) 9.022699
AUDIO BYW (KHZ) 3.4

VID TTLR (DB) 21,3601

ANNUAL COST ($K) 5.,21923



A-65

Arnual Cost ($1000)
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ATTACHMENT XI.2

The Satellite System Design Programt A Method of
Satellite Communications System Optimization

As part of NASA Grant 05-620-659, Stanford has developed a program
to optimize satellite system designs, This program is described in
Chapter 11 of a report entitled '"The Use of Satellites in Meeting the
Telecommunications Needs of Developing Nations'" by William 6. Mitchell,
Research Assistant, Stanford University., This attachment is Chapter 1I
of the above report, All appendices and chapters referenced in this
attachment apply to the revort from which it was taken which is available
upon request,

This program was used in the assessment of alternative approaches

to satisfy the communications needs of rural Alaska,
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THE SATELLITE SYSTEM DESIGN PROGRAM: A METHOD OF
SATELLITE COMMUNICATIONS SYSTEM OPI'IMIZATION

A, INTRODUCTION

The first scctions of this chapter contain a deseription of a compu-
ter program that optimizes the system design of a satellite communications
system for national network telephony. Any communications situation for
which the potential of satellite communications is to be assessed may be
described in terms of the input parameters of this program, When so
described and submitted to the program, the minimum-cost system configu-
ration that meets all of the indicated service requirements will be cal-
culated,

In the next section, a typical design situation is simulated using
estimates of the long-distance traffic requirements for Canadian domestic
teleplhiviie service and the results are summarized, The last section of the
chapter presents what shall be called the Satellite Facility Matrix,

This matrix is obtained from a series of program runs that determine the
sensitivity of the earth-station design parameters to the number of eaith
stations and to the average requirements, or demand, for tglephone cir-
cuits per station, A matrix of similar form showing the least-cost
terrestrial facility as a'functipn of facility length and circuit demand
is given in Chapter III. Both matrices find application in the method of

overall national telecommunications system planning that is described in

Chapter 1V,

B. DESIGN APPROACH

1, Ngggssity for Computer Design Program

It was determined at the outset that the design method to be

devised must take into account the effect of all of the major equipment



A-68

design parameters, as well as the time value of money oand any increases
in both the number of carth stotions and the demond for circuits at coaeh
carth station during the study period. The method should not, a priori,
assume any one parameter to be insignificant or arbitrarily assign to auy
an "optimum' value, In view of the fairly large number of interdependeny
variables associated with the systems design of a satellite communications
system, it became an obvious necessity to take advantage of the capabiltity

of a large digital computer,

2, Minimum Cost Index

Inasmuch as the major concern of most planners i3 thet, for =
required level of service, the system they implement maintain a low
budget profile, system optimization is with respect to total system
cost, as given by the present worth of annual costs, Total system cost
is obtained as the sum of the present worth costs of: 1) installed
capital equipment, 2) operations and maintenance of the equipment for
the duration of the study, and 3) 1and and building for earth statioms,

The present worth of annual costs was chosen as the index of compari-
son for three reasons, First, it takes into account the time value of
money which if neglected would imply that borrowed capital, either equity
or debt, may be repayed with no interest charges. Obviously, free money
i8 not a characteristic of the real world and decisions based on such a
concept would introduce serious error, Second, the present worth of
annual costs include all the costs incident to the satellite facility
during the period of study ~- not just the initial cost of equipment,

Third, much of the literature dealing with engineering economy in
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telecommunications and almost all of the present long=vange planning of
many large telephone operating compaunies is in terms of the present worth
of annunl costs, It is expected, thevefore, that the planning ageneios

of developing nations will be familiar with and have confidence in the

use of this cost index.

3. Channelization .nd Signaling Equipment

Since the cost of satellite system terminal equipment (channeli»
zing and signaling equipment at the ear - stations) is not affcucted by
the values of the earth~station parameters that are subject to optimiza-
tion (viz,, the antenna diameter, the stétion noise temperature, and the
power rating and output back-off of the power amplifier), no particular
benefit would be derived from including this cost -- a coustant =- in the
optimization program, Therefore, total system cost, as just described,
does not include the cost of terminal equipment. As will be seen in
Chapter III, the costs of the terrestrial facility alternatives to
satellite transmission are also given withouf including the cost of the

terminal equipment.

4. Volume Purchase Discount

All cost calculations for the ground segment include the standard
92% learning curve to account for economies of scale on equipment purchased
during the same calendar year, That is, for N units in any given year,

the per-unit cost, as a fraction of the single item cost, is:

CPU/SIC = 0.92x#(10og(N)/1og(2))
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where CPU is the cost per unit, SIC is the single item cost, and «»

denotes exponentiation,

C. MODEL DEFINITION
The majer questions concerning model definition are:
a) What type of multiple-access scheme is most appropriate?
b) What type of rf modulation should be used?

c) If FDMA is chosen, what must be said about the frequency
assignment plan?

d) How many distinct "sizes" of earth station (in terms of

the earth-station figure of merit, G/T) should be con-
sidered?

e) In what form should the demand for circuits be given
and how should an increase in demand over time be
represented?

They shall be considered in order,

1, Multiple Access

Several authors have investigated the merits, insofar as possible,
of various multiple-~access schemes, (2,6) The concensus, at the present
time, is largely in favor of Frequency Division Multiple Access (FOMA)
for operation with low-cost earth stations for three main reasons. First,
the peak power of the earth-scation power amplifier for FDMA is less than
that for Time Division Multiple Access (TDMA) by a significant margin in
terms of cost. Second, the system synchronization necessary with TDMA is
a major cost item and not presently compatible with low-cost stations,

And, third, the guard time between users for systems with more than
about 25 earth stations reduces the cfficiency of satellite utilization

below the levels that may be obtained using FDMA,
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2. RF Modulation

The type of rf modulation was of secondary concern as far as
program dovelopment was concerned, since progiam trade-offs would be
based on link calculations and these are essentially independent of the
type of modulation -~ once, of course, the transmission characteristics
for the particular type are specified, (For much the same reason, it is -
possible to use the program in the design of TDMA systems even though
the primary development effort was accorplished with FDMA systems in
mind,) Nevertheless, it is important from the total system point of
view where satellite and terrestrial facilities are béing compared on a
cost basis,

The literaturc and extensive calculations done here at Stanford
indicate that frequency modulation is at leagﬁ as sparing of power and
occupied bandwidth as other types of modulation., (7,8,9,10). In addition,
where comparison was possible using commercially available equipment, the
cost differences favored FM, It is felt, however, that the cost differ-

ences may narrow as the demand for and the production cf digital equip-

ment increases,

3. Frequency Assignment Plan

A frequency assignment plan is, essentially, the manner in -hich
any station obtains access to the system, For the purpose of this study,
it is of concern mainly where the satellite is bandwidth limited, In
such a case, a trade-off would be made between the simpler, less costly
(in terms of earth-station equipment), relatively inefficient (in the
usce of satellite bandwidth) plans and the increasingly complex plans‘that;
correspondingly, are increasingly costly and more efficient in their use

of bandwidth,
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As is appropriate for operation into low-G/1 earth stations, the
satellite is treated herein as a power limited amplifier, When it is
tﬂe satellite power that is limited, the frequency plan is of sccondary
importance since it may be assumed that sufficient bandwidth is available
for whatover plan is adopted and, in contrast to the required number of
assignable satellite frequency slots, the total satellite power require-
ment is only weakly sensitive to the frequency assignment plan,

The assignment plan is (or should be) transparent to the users
(i.c., they cannot distinguish among plans from any effect on cervice
quality) and would not influence the calling rate.or traffic pattern,

At any moment, therefore, the number of calls in progress, and consequently
the required zatellite power, would be independent of the plan,

This statement may need to be modified when, as is usual, the
required satellite power is divided among several transponders, If it
happens that particular traffic groups are wholly constrained to single
transponders the total required power of the satellite could no longer
be shared, as needed, among groups, Where there is only one lgrge
transponder, a very active traffic group could draw on power normally
used by other groups (it is improbable that all groups would be very
active simultaneously). With groups constrained to single trarsponders,
each transponder must be capable of the maximum power for its group,

For a fully variable plan (each station may transmit and receive
in any of the assignable frequency slots) this effect can be made negli-
gible. Accordingly, total required satellite power calculations are
based on the use of a fully variable frequency assignment plan, If

other than a fully variable plan is uscd, the required increase in
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satellite power may be accommodnted with a multiplicr, the vatue of
which nust be determined from available traffie and frequeney plan infor-
mation and set as part of the input to the progrnm.* The multiplicor
should be sct equal to one for a fully variable plan, In the program
runs reported on in this paper, it is given the value of 1,15, (It is
Jjudged extremcly unlikely that a value larger than 1,15 would occuf.)
Having accounted for the effects of the frequency plan on total
required satellite power, it is assumed that the particular manner of
power division among transponders does not further influence the
efficiency with which the power is used, Therefore, no specification of
transponder power is nccessary,
In connection with the frequency assignment plan, the question
arises as to whether multi-channel-per-carrier operation (me/co) should
be used among stations with comparatively large traffic requirements,
An investigation showed that single-channel-per-carrier operation (sc/co)
is more efficient with respect to bandvidth when the traffic volume hetwecen
any two earth stations requires fewer than 300 circuits and that sc/co is
also more efficient with respect to power, when voice activatidn of the
single-channcl carriers is used, for all traffic volumes that were investi-
gated {up to 960 circuits), (See Appendix A.) For example, in providing

60 circuits between earth stations, sc/co achieves a 30% savings in

*The power penalty for transponderization may be approximated as the poer-
cent increase in active channels, (An active channel is onc over which

a voice signal is actually being transmitted.) For example, a single
transponder with 1000 assignable frequency channels would, for a
probability of 0,01 that the number of active channels is not exceeded

and a probability of 0.40 that a busy channel is active, require enough
power for L36 simultancously active channels, By contrast, under the
same conditions, a transponder with only 250 assignable frequency channc.s
would need 118 active channels, The percent increase in active channels
would, in this case, be ({4#118 - 436)/436)%100%, or 8,2%.
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bandwidth and as much as a 659 savings in power relative to mesco,  There-
foro, sc¢/co is usnd ot all stations,

4, Number of Station Sizes

Originally, there were to be three possible station sizes
(station size is synonymous with station G/T), corresponding to low-,
medium-, or high~density traffic reqhirements at any given location,
From a preliminary version of the program, it was noticed that a single
size of station was serving for both low and medium densities, A 10 to
15 ft. antenna was the optimum even for stations whose circuit require-
ment grew to be as high as 30 to LO circuits over a 15 year study periou,
This fact is also indicated by a table (Table 2-6) which i8 shown in the
last part of this chapter. Accordingly, in the final version of the
Satellite System Design Program, this finding is incorporated as an
apriori conclusion that two distinct sizes of earth station is the
optimum, or least-cost number of sizes for most national telephony
satellite systems, Unusual demand situations are easily recognized,
In such a case, a2 specific investigation of the suitability of more than

two sizes of earth station could be made,

5. Demand Characterization

The international unit of demand for telephone circuits is the
erlang, The demand in erlangs is equal to and synonymous with '"the
average number of calls in existence during the busy hour." During the
busy hour, the average ratio of lost calls to total calls offered is
known as the 'grade of service." Usually given as a probability, it may
be written as P,01, P,03, or P.00Ol. A P,0l1 grade of service, for instancc,
means that onc call out of every 100 offered during the busy hour is lost,

The erlang may be used in referring to the traffic offered by indi-

vidual subscribers as well as. that offered by groups, Indeced, the
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number of erlangs of traffic offered by a group ol subscribers is the
sum of the erlangs affercd Ly cach individuanl of the group, Or, the
number of erlangs offered to a satellite by several earth stations is the
sum of the eorlangs offered by the inéividunl stations, after elimination
of duplicate counting, (The erlang is a measurc of circuit ~- two~way
conversation -- requirements, Thercfore, when two earth stations each
experience a demand of say E erlangs for circuits for traffic between
them, the satellite will be offered E erlange of traffic, not 2 times
E erlangs,)

The number of circuits required to satisfy a given demand in erlangs
at a given grade of service is not proportional t§ the demand but is

given by what is known as the Erlang B formula, as follows:

E
n
B =
)
1 +E+ 5 4 +§-t-1
2'. L] n,

where B is the loss probability, n i1s the number of circuits r;quircd,
and E is the traffic demand in erlangs,

The total nuwber of circuits required at the satecllite is not, then,
the sum of the number of circuits required at each carth station, For
this reason, it was decided to describe the demand at cach station in
terms of crlangs and then convert to the required number of channels,

It is apparent that converting erlangs to circuits would be an iterative
process involving the repeated calculation of factorials if the Erlang B

formula were used, To avoid this time-consuming process, a simplified
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formula has been deviscd that gives the conversion directly, (See Appen-

dix B.)

D, PROGRAM DESCRIPTION

1, Overview

As ptated earlier, this program was developed to determine the

minimum-cost satellite communications system for telephony using two
types or sizes of earth station under a variety of service requirements,
The nature of the problem is that of constrained minimization, The con-
straints are those of circuit quality, circuit demand, length of study
period, satellite coverage area, whether snd to what extent satellite
power is shared with other users, and so forth, The method of optimiza-
tion may be described as a branch and bound technique or could be termed
educated enumeration.'' Both descriptions reveal that enumeration of
every allowed configuration doecs not occur, (A configuration is any
consistent set of values of the system design parameters.) In most
cases, less than one-tenth of all configurations need be considered,

In a network with two sizes of earth station, there are four ways
in which they may be combined to form a one-way communications path or
connection, With L representing the large station and $ the small
station, these connections are, L to L, L‘to S, S toL, and S to S, It
was found expedient to design the program to consider two such connections
on any single run -- either L-L and L-S or S-S and S~L. Total optimiza-
tion is aéhieved in three or four successive runs, This program is
known as the dual-station program (DSP).

In a run that considers L-L and L-S (S-S and S-L) connections, the

large (small) station is said to be the host station and the small (large)
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station is said to be the auxiliary station. Onc of the input patametoes
to the DSP ig the value of the receive GAT ol the auxiliarvy stoations,
An accurate approximation ol this value, for the first DSP run is
obtained {rom a second program, It is known as the single=-station pro-
gram (SSP) and is identical to the DSP in all respects except that it
optimizes a satellite communications system that permits only one size
of earth station, The Satellite System Design Program is, therefore,
a set of two programs that are used in tandem to calculate the optimunm
systenm design,

The following three subsections are intended to convey a basic
understanding of program scope and structure, The first two indicate

some of the major input and output parameters, The third gives a short

explanation of program logic,

2, Input Parameters

Input parameters are variable constants, the value or values of
which, for any particular program run, are determined externally and
read in at the beginning of the run, Those of present interest fall
into three groups: capacity, cost and cost-related parameters; demand
parameters; and transmission parameters, They are described in the

following section and listed together at its end in Table 2-1,

a) Capacity, cost and cost-related paramecters

Each station is characterized by the three parameters that
are subject to variation as the system is optimized, These arc the
antcenna diameter, the cquivalent input noise temperature of the antenni/

receiver combination, and the saturated power rating of the power
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Table 2-1

A Listing of Input Paramcters for the
Satellite System Design Program

1,
2.

3.

i,

2.
3.
4,
5e

1,
2.

( Earth Station Equipment Parameters and Costs )

11 choices of antenna diameter

8 choices of equivalent input noige temperature and
corresponding pre-amplifier

11 choices of saturated output power rating for the
power amplifiers

cost figures for each of the above items include:

ag initial capital cost

b assembly, integration, testing, management, all are
handling, packaging, warranty and profit given as a

c installation perzentage

dg annual operations and maintenance of initial

capital cost

{ Satellite Equipment Parameters and Costs )

3 choices of satellite, that is of end-of~1life rf power
(saturated)

1 choice of equivalent input noise temperature
1 choice of antenna beamwidth

1 choice of satellite lifetime

cost figures for each satellite are:

a) in-orbit cost of initial satellite (including development)
b) in-orbit cest of each additional satellite
c) annual tracking, telemetry, and control cost

{( Demand Parameters Y

the length of the study period

the numbers of newly constructed earth stations that begin

operation each year of the study period (large and small
stations)

the four series of annual growth rates

the initial offered load, in erlangs, for each type of
station in its first year of operation

the required satellite power, in watts, year by year for
TV or other services sharing the satellite segment

(cont.)



A-79

Table 2~1 (cont.)

{ 'fronsmission Paramcters )
the quality, in pWpO, of the four types of connection

the noise, in pWpO, contributed by sources other than

up-link thermal, down-link thermal, and satellite
intermodulation

the slant range from the satellite to the farthest
earth station

the up~-1link and down-link frequencies
the up~1link and down-1link rain margins

the off-axis pointing angle from the satellite to the
farthest earth station (including allowance for
satellite station Keeping and pointing accurncies)

the flux density limit (if any) for down-link transmissions

the threshold carrier~to-noise ratio on each of the four
types of connection

the baseband processing improvement foctor on each
connection

the psophometric improvement factor on each connection

{ Control Parameters )

these parameters select the various program options,
initialize the search variables, and specify which, if any,
earth-station or satellite equipment values are to be con-
sidered as fixed

{ Miscellaneous Parameiers )

these parameters include the required annual vate of return,
the satellite launch failure rate, the values of the
coefficients that are used in the approximation to the
Erlang B formula, etc,
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ampli{ior, The single item costs of available equipment for representa-
tive values of these "capacity" parameters wore obtained from manufacturers.
ngether Qith thelr coé;esponding capacity parameters they are supplied
at the beginning of each run. Thus, cost and capacity figures may be
changed at any time to reflect more recent information, Since channeoli-
zing and terrestrial interface equipment are required for any system
configuration, their cost is not included in the optimization, Land

and building costs are estimated as a function of the square of the
diameter of the earth-station antenna, The usual convention is followed
of obtaining installation and operation and maintenance costs as a per~
centage of single item capital cost, The various percentages may be
specified separately for each type of equipment and for each '"capacity!
within a given type.

The cost of the satellite segment, including development and launch,
is based on the published figures in the domestic satellite filings before
the FCC, However, as in all input data, these may be set at will as new
cost information becomes available, Three satellites, representing the
range of available rf power, are considered. Each is described to the
program with five parameters: 1) total end-of-life rf power, 2) pur--
chase and launch cost of the first satellite, including development,

3) purchase and launch cost of each additional satellite, 4) annual cost

for station keeping and telemetry, command, and control, and 5) expected

A\
satellite lifetime,

It is assumed that any single satellite communications gystem will
use a single type of satellite in order to avoid repeated payment of

development costs, This assumption could be altored if satellites ever

become a quasi "off-thc-shelf! item,
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b) Demand paramcters

1) Regulur option

Yearly changes in total demand for satellite circuits
will, in general, be due both to system expansion from newly constructed
earth stations and to natural demand growth at previously operating sta~
tions., These changes coeld be modeled in a variety of ways, The model
in use at the present time is one that lends itself to rapid calculation
yet is not too far removed from reality. The following is a sketch of
the manner in which demand is presently handled., For a detailed explana-
tion of demand generation see Appendix C,

The numbers of newly constructed large stations and of newly
constructed small stations that begin service each year of the study are
given as input parameters in separate input arrays., During its initial
year of service, each newly constructed small earth station is offered
a fixed traffic load for each of the two possible types of traffic con~
nection -~ a connection between itself and another small station or
between itself and a large station, These initial loads are given as
inpgt parameters, since to a first approximation, they are not a function
of the number of stations in operation, For newly constructed large
stations only the initial load offered for conncctions with other large
stations need be specified by the input,

Traffic increase from natural growth in demand at previously operd—
ting stations is determined using an annual percentage growth rate,
However, instead of a constant rate being used during the entire study
period, a dilferent rate may be specified for each year., This allows

the program to handle demand functions of virtually any form., 1In addition,
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it is recognized that the rates of growth on connections betweon lavge
stations may ditfer altogether from those that pertain to conncetions
between small stations, which, in turn, may differ from thosc that per-
tain to connections from small stations to large stations, Therecfore,
two separate input arrays specify the two series of annual growth rates

that will be used during any single run of the D8P,

2. Overflow option

A second option exists for computing the natural growth
component for large station-to~large station traffic, It is called the
overflow option and is intended for use in situations where all future
long~distance traffic among cities served by the large earth stations is
to be carried by satellite, In any given program application the number
of large stations, their location, and scheduled completion dates are
assumed known, Each large station handles long~-distance traffic for
nearby communities, which, collectively, comprise the service area of
the station, Before o station begins operation the traffic generated
in its (future) service area will be handled by terrestrial circuits,
Any traffic that is once handled by terrestrial circuits will remain on
terrestrial circuits, After the station begins operation, all increases
in the traffic with other large-station service areas will be handled by
satellite circuits,

Input parameters for the overflow option have the same meaning as
for the regular option w1th two exceptions, Before stating those excep-
tions, it is convenient to define the total demand for long-distance
circuits that is generated in a large-station's service area, at the time
the station begins operation as that station's or that area's base~line

demand, To tie this definition to the explanation of the previous
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paragraph, on areats basc-line demond is the demand that will remain on
terrestrial circuits after the station serving that avca begins operation,
Inércases in demand will be determined in reference to this bnse-line
demand and it is these increases that will be offered to the large sta-
tion for service on satelli;e circuits,

Individual station base-line demands are, however, ficticious
entities with regards to program implementation since the program treats
all large stations as though their offered loads were identical, A
second definition will help in explaining how a stationts base~line '
demand is actually determined, Let the average of all the large-station
hase-1line demands (as given in the first definition), in the special
case where all large stations begin operation in the first year of the
study period, be defined as the initial average base-line demand, Now
in the program the station base~line demand for all stotions that begin
service in the first year of the study period is taken to be the same as
the initial average base-line demand. The statioé base-line demand for
stations that begin service in any other year is obtained by adding
specified year-to-ycar increases to the initial average base-line demand,

The first exception, then, is the parameter that in the regular
option indicu.tes the initial load, in erlangs, offered to newly construc-
ted large stations for connections with other large stations, It is re-
defined as the initial average base~line demand, The second exception is
the input array that in the regular option contains the year—-to-year
growth rates of the deruand offered to a large stalion for circuits to
other large stations., It is redefined to contain the year~to-year

growth rates with which the average base-line demund (as a function of

time) is obtained from the initial average base-line demind.
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c) Transmission Paramctors

The transmission parameters specify (ror ecach af the four
types of connection) the total allowed baseband noise, in picowatts of
psophometrically woighted noise power at a point of zero transmission
level (pWpO); the threshold value of carrier-to-noise ratio, in dB; the
baseband signal processing improvement factor (e.g., pre-emphasis, com-
pandering, speech clipping, etc.), in dB; the psophometric weighting
improvement factor, in dB; and, *he baseband noise contributed from all
sources other than thermal and satellite intermodulation noise, in pWpoO,

The satellite receiver noise temperature and the beamwidth of the

satellite antennae. are assumed known, and are also read in as input

data,

3. Output Parameters

Of primary interest, of course, is the minimum—cost.configura-
tion, This is given in terms of the antenna diameters, the pre-amplifier
noise temperatures, and the saturated power ratings of the sequences of
power amplifiers at each station; the minimum-cost satellite; and, the
required satellite launch stream, Of equal importance is the total cost
of the system and various cost breakdowns such as the annual cost of an
2arth station and the annual cost of a satellite circuit, The output also
contains the design values of hasceband noise (prior to any up- or down-
1ink attenuation) contributed by the up~ and down=-links and by transpon-
der intermodulation distortion, the per-channel output power at the
earth station and at the satellite, the year-by-year total satellite

power requirement, the values of transponder back-off and the values of
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transponder gain.* A reproduction of the full formal output of the

DSP is given in Appendix E.

Lk, Basic Program logic and Block Diagrams

The program consists of two large segments of coding. The
first, and smaller, segment accomplishes what shall be called preliminary
calculations, Block diagrams of segment one are given 1n.Figs. 2-1 and
2=2. The second segment is the main iterative routine where all feasible
system configurations are evaluated in terms of overall cost, Figures

2-3 and 2-4 show block diagrams of segment two,

a) Preliminary calculations

One of the major requirements in terms of program complexity
is that the minimum-cost system be calculated taking account of demand
'growth and system expansion over time. There are many ways to model
growth and expansion, However, each is used solely to determine the
number of earth stations, the number of channels per earth station, and
tire number of satellite channels required from year-to-year throughout
the study period, - These numbers must be known before total system cost
may be calculated, Also, they need be calculated only once for each
program run, For thecse reasons, maximum speed and flexibility is afford-
ed by placing them in a subroutine as part of the preliminary calcula-
tions -- independent of the main iterative routine,

An important assumption affecting coding throughout the program is

thnt all earth stations (in either one of the two size categories) will

*For a discussion of one effect of transponder gain on system optimiza-
tion, see Appendix D,

AY
)
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Miscellaneous Calculations

1

Calculate the rf bandwidth of the FM
transmissions that is required to
obtain the desired signal quality
based on the available baseband
signal processing improvement and the
threshold value of carrier-to-noise
ratio.

R 4

Calculate the year-by-year channel
requirements for each set of earth
stations and the year~by-year active
channel requirements for the satellite,
(A set of stations consists of all
stations that begin service in the
same year of the study period.)

A

For each antenna/system-noise-temperature
pair (the components of which are given in
the input), calculate the cost to the
system of using this pair in all stations
throughout the entire system, For the
DSP, this cost is based on the number of
and construction schedule for host
stations only,

y

Select the feasible pairs cof antenna/
system-noise~temperature and arrange
them for evaluation by the main
iterative routine,

Fig, 2-1. A Functional Block Diagram of Segment One Coding
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Arrange in order all permissible
antenna/system-noise-temperature
pairings according to their G/T

value, Coa

1

Place ecach pair into a single group,
A group consists of all pairs whose
G/T value is between certain
boundaries that are set by an input
parameter,

_ «

Make the assumption that all pairs
in any one group have, in fact,
identical values of G/T,

Select the feasible Arrange the pairs within each group
pairs of antenna/ ‘ in ascending order according to the
system-noise~- diameter of the antenna,

temperature and
arrange them for |
evaluation by the ‘

main iterative Eliminate from consideration any
routine. pair in a given group whose antenna
diameter is smaller than that of the
groupts minimum-cost pair,

&

The initial pair in any given group
now has both the lowest cost and the
smallest antenna of any pair in the
group, Therefore, eliminate from
consideration any group whose initiall
pair costs more and has a smaller
antenna diameter than does the
initial pair of the next higher

G/T group,

Fig. 2-2, A Block Diagram of Feasible-Pair
Selection in Segment One Coding
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Loop 1
Select a trial value of (G/T),

B S S ¢ el P

Loob 2

Select a particular realization
of the trial value of (G/T),
from the feasible pairs of
antenna diameter/system noise
temperature as determined in
the Preliminary Calculations
coding segment,

Loop 3

Select a trial value of satellite
transponder output backoff, BO.
(In the DSP this transponder type
will handle circuits on host
station~to~host station connec~-
tions,)

Loop 4

Select a trial value of X, the
ratio of the thermal noise con-
tributed on the down=-1link to that
contributed on the up-link, (In
the DSP this value of X applies
to circuits on host station-to=-
host station connections,)

Loops 5 and 6 occur only in the DSP

Loop 5 Loop 6
Select a trial value of Select a trial value of XA, the
satellite transponder output ratio of the thermal noise contri-
backoff, BOA, for transponders buted on the down-1link to that
that handle half-circuits on contributed on the up~link on
host station-to=-auxiliary half-circuits on host station~
station connections, to-auxiliary station connections,

Fig., 2-3. A Functional Block Diagram of the Loop Structure
within the Main Iterative Routine
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Calculate the trial noise budgot(s) corresponcting Lo the values of the
four (six) loop variables,

Calcukate-the up-1ink carrier-to-noisc ratio(s) and the down=link
carrier-to-noise ratio(s) that are required to meet the trial noise
budget(s), With these, calculate the up-link output power(s) and
the down-link output power(s) per channel (not the eirp's),

Calculate the output backoff of the earth-station power amplifiers
according to the allowed noise contribution from earth-station inter=
modulation distortion as specified in the input data and according

to the number of carriers to be handled by the amplifier,

With the circuit demands as a function of time at each set of earth
stations and at the satellite (from Preliminary Calculations) and
using the results of steps b and ¢, calculate the required year~by-
year power ratings of the earth-=station power amplifiers for each
set of earth stations ~~ that is, separate sequences of amplifier
ratings must be calculated for stations that begin service in
different years of the study period -- and the required ycar~by-yecar
total rf power of the satellite,

Determine the least-cost type of satellite (from among the choices
described by the input parameters) and the concomitant launch schedule

to meet the year-by-year requirement on total rf power in the satel-
lite,

Determine, for each set of earth stations, the cost (including repairs
and parfial replacements) of the sequence of power amplifiers required

to meet the year-by-year requirement on total rf power in the satel-
lite,

Add the cost of the satellite segment and the costs of the earth~
station power amplifier sequences and the antenna/pre-amplifier pair
(including land and building costs) to obtain total system cost,

Compare the total cost just obtained with that obtained during the
preceding iteration to determine whether a bound has been reached
and, if so, to which loop program control should it be transferred.

Fig., 2-4, A Sequence Listing of the Major Calculations
Performed within Loop 4 (loop 6 of the DSP)

~——
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_use identical antennas and pre-amplifiers, To accommodate morc chamnels
than its neighbor, an earth station will merely increase the power ratiug
of its power amplifier, One consequence of this assumption is that the
cosf\to the system of earth-station antennas and pre-amplifiers, given 2
particular earth-station construction schedule (specified in the input),
may be calculated once, for each feasible combination of antenna and
pre-amplifier, as part of the preliminary calculations and recalled from
memory later on as needed,

The remaining significant block of coding in segment one selects
from all possible combinations of earth~station antenna size and system
noise temperature (as given by the 1nput), those combinations that are
feasible, Each feasible combination is placed into one of several groups,
according to the value of the ratio of G/T. Within each group the
feasible combinations are arranged in order oi increasing antenna diameter,
which is equivalent to an ordering by increasing cost, This ordering
considerably reduces the time spent in the main routine, and may, there-
fore, be considered a permanent feature of the program,

In addition to>the functions mentioned above, the Preliminary Calcu-
lations Segment also contains coding for miscellaneous items such as
variable initiation, and for determining the required rf bandwidth of the
FM transmissions, This is all indicated in Fig, 2-1,

The process of feasible pair selection, the last block in Fig, 2-1,
is shown in more detail in Fig, 2-2, It can be explained as follows,

To facilitate discussion, let the pair groups (where a pair group con-
sists of all pairs whose G/T value is within a certain range, the

boundaries of which arc set by an input paramefer) be indexed by IRC
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(which stands for index of the range genter) and lct the antenna diame-
ter and system noisc temperaturce of the minimum-cost pair of cach pair

group be designated as (AD* ,TE"

IRC IRC)'

A non-feasible pair is any pair in a given pair group whose antenna
diameter is smaller than AD*IRC' That such a pair would not he used in
a minimum-cost system may be shown in three steps, First, by definition,
the non-feasible pair would cost more, in and of itself, than

* *
(AD 1rc’TE IRC)' Second, to obtain the same value of G/T with an
*
antenna that is smaller than AD IRe’ 2 non-feasible pair would have to

have a receiver whose noise temperature is lower than TE This trans-

IRC’
lates into more required power per channel from the satellite‘than for
(AD*IRC’TE*IRC)' That is, for any fixed value of attenuation on the
down-1link a greater percentage degrsdation in effective receiver noise
temperature will occur for the non-feasible pair as compared to the
minimum-cost pair, This difference in potential 1link degradation will
have to be offset by more power from the satellite to maintain the same
margin requirement. And, third, with a smaller antenna, the power rating
of the power amplifier associated with a non-feasible pair might have

to be increased to preserve the same up~link eirp.

All three steps contain actual and potential cost differences that

put the non-feasible pair at a disadvantage, which establishes the point,

b) Main jterative routine

1) Overall structure
The main iterative routine of the DSP is a nested loop
structure with six levels, or loops (thc SSP has four loops). The loop

variables were chosen such that they, by themselves, are sufficient to
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uniquely specify a complete system configuration, The design paramctors
that comprise 2 system configuration are: the earth-station antenna
diameters, receiver noise temperatures, and up~link eirp's per chaunnel *:
one eirp for cach of the four types of conncction (and from thesc the
sequences of power amplifier ratings during the s tudy period); the satetl-
lite receive G/T (given in the input), down-1link éirp's, transponder out-
put backoff's, and transponder gains (and from these the total satellite
rf power requirement year-by-year, during the study period); and, the
noisc allocation among up-link, down-link, and satellite intermodulation
noise on each of the four types of connection, Cost evaluation and com-

parison of feasible configurations is accomplished in a straight-forward

manner through the natural action of the loop structure itself,

2) Design objective

Every system configuration that is evaluated mcets all
Specificationé given by the input parameters, (It makes no sense to
evaluate systems that do not meet these specifications.) The quality
of the telephone channels is specified with the input parameter QUAL,
QUAL is the maximum, or worst-case, total baseband noise allowed per
channel, in picowatts of psophometrically weighted noise power at a
point of zero transmission level (pWpO). For the purpose of the
Satellite System Design Program, the actual worst-case value of total
baseband noise is expressed as the sum of the worst-case noise contri-
butions from four sources, all given in pWpO: 1) NU", up-link therawul
noise, 2) NI", noise due to intermodulation distortion in the satellite
transponder, 3) ND", down-link thermal noise, and 4) NAO, noise from

all sources other than the first three (NAO is given as an input paraneter).

Oor
! QUAL= NU" + NI" + ND" + NAO,
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It is convenient to define NTIl, the allowed worst-casce thermal noisc,
es
NTH = QUAL - NAO

= NU" 4+ NI" + ND" (2.1)

Although NI" is not thermal noise, it is 8o considered here because it
has approximately the same effect on circuit quality, (11)

The design objective of the Satellite System Design Program, for
which the major calculations are carried out in the main iterative
routine, may be stated in reference to Eq., 2,1, The total cost of the
system depends on the manner in which the total allowed baseband noise
is allocated among the four noise sources in this equation. Therefore,
the cost minimization problem is actually a noise allocation problem,
The design objective is, then, to allocate the noise (or to determinc
the noise budget) such that the total cost of the necessary equipment

and of its installation, operation and maintenance is a minimum,

3) Functional description

The following description is given in terms of the
single station program (SSP). As stated earlier, the dual station
program (DSP) is identical in most respects to the SSP except, of course,
that 1t considers the use of two sizes of station instead of onec, Dif—
ferences in the programs will be indicated as appropriate,

Evaluation of feasible system configruations is accomplished in
four steps (six in the DSP), Each step is contained in the correspond-

ingly numbered loop of the nested loop structure, as shown in Fig. 2-3,
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They are: 1) Select a trial value of the ratio of earth station anten-

na gain to equivalent system input noise temperaturc, (G/T)o. The
initial value should be smaller than the value that will b2 shown to he
optimum since each new trial value on successive iterations is larger
than its predecessor. 2) As each value of (G/T)_ may be realized by
one or more pairs of auntenna diameter and equivalent system input noise
temperature, the second step is to select one of the feasible pairs --
the least~cost combination being first -- for the particular value of
(G/T),. 3) Select a trial value of satellite transponder output backoff.
Again, and for the same reason given in conjunction with the choosing of
an initial va}ue of (G/T)e, the initial value of backoff should be
smaller than the optimum value, (In the DSP two initial values of trans-
ponder backoff are selected. One value applies for transmissions, or
connections, among the host stations and one applies for connections
from host stations to auxiliary stations.) L) Select a trial value for
X, the ratio of thermal noise contributed by the down-link to thermal
noise contributed by the up=-link (poth contributions, of couise, to be
measured in pWpC ot baseband in a telephone channel)., (In the DSP, two
trial values of this ratio are selected, corresponding to the two types
of connection considered in each run.) With a value assigned to each of
the loop parameters, the total system cost for one complete system con-
figuration is calculated us an integral part of step four (step six of
the DSP). Figure 2-4 1ists the calculations that are involved and shows
the sequence in which they are performed, (In the DSP the cosé of the
auxiliary stations and of the satellite segment associnted therewith is

obtained in a separate program run and included as part of the input
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data.) These calculations are oxplained further in what follows,

a, From Loop Variables to Total System Cost
The four (six in the DSP) paramcters, or loop

variobles, may be shown to uniquelf specify a single system configuration
in the following manner, Let NU, NI, and ND be the decsign values of
NU", NI", and ND'", respectively, The design values, then, are those
values that obtain when there i8 no rain loss in the transmission path.
The rain losses, or 1link margins, are given as input parameters, The
up-link margin is represented by MU, and the down-link margin by MD,

In single-channel-per-carrier systems using frequency modulaiion,

the test tone-to~noise ratio is given by:
’ 3 Brs 2
TT/N = < (C/N) » (§—§;— = 1)° » (Brf/fm) *p *w

where TT/N is the test tone-to-noise ratio (a measure of the quality of
the channel),

C/N is the received carrier-to-noise ratio,

Brf is the rf bandwidth of the channel,

fm is the maximum baseband frequency,

p is the baseband processing improvement factor, and

w is the psophometric weighting improvement factor,

In a given application, Brf’ fm’ p, and w are fixed. Therefore,

TT/N = K* * (C/N) (2.2)
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2
~ where K! = (3/72) = (B 72f ) ~ 1)° # (Brf/fm) # p * w, and may be
treated as a constant. TT/N and actual total baseband noise in a
telephone channel, represented by (pro)bb, are alternative ways to
describe channel quality, Each may be expressed in terms of the other,

The equation relating them is, (16)

30 # 1og(TT/N) = 90 ~- lO*log(prO)bb

or,
TT/N = 109/(pr0)bb (2.3)
Substituting Eq, 2.3 into 2.2, and solving for (pro)bb,
(pro)bb = 109/(K'*(C/N))
or,
(pWpO),, = K/(C/N) (2.4)

where K = 109/K'.
Thus, the total baseband noise in the telephone channel is inversely
proportional to the received éarrier-to—noise ratio, as long as the

carrier-to-noise ratio is above threshold, This establishes the follow-

ing relationships:

NU" = MU*NU, (2.5)
NI" = MUNI, (2.6)
ND" =

NU #ND'* , (2.7)




A-97

where ND!' {s the down-link noize obtained whern rain loss occurs ohly in
the down link,

To determine the relation between ND' and ND, it is uscful to recall
that the equivalent output temperature, Tao’ of an attcnuator whose

physical temperature is T is given by, (17)

Too = TH(1 - €),

where 1/g is the loss of the attenuator, or g is the attenuator "gain,"
The attenuator in this case is the rain whose physical temperature is
approximately equal to To (=290 OK), and whose 'gain" is 1/MD, The
actual equivalent input noise temperature at the earth station, Te,aotual’
is the sum of the noise temperature before degradation due to rain loss,

Te’ Plus the equivalent output temperature of the rain loss attenuator,

T . Or,
ao

From the above disucssion, we may write,

C
(C/N)d, without attenuation (k/ND) = k¥T »B £ (2.8)
on the down-link e r
and
C/D
= " - -
(C/N)d, with attenuation on ~ (K/xD') = k*(Te+Tao)«Btf (2.9)

the down-1ink

.
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where k is Boltzmants constant, Other variables are as previously

defined, Taking the ratio of Eq, 2.8 to 2,9,

ot MO#(T AT )
T T
Q
or
D' w MD#(1 + (T_/T.) (1 = 1/MD))#ND. (2.10)

Substituting Eq., 2,10 into 2.7,

ND' = MUSMD#(1 + (T _/T,)#(1 = 1/MD))#ND, (2.11)

-

Substituting Eqs. 2.5, 2.6, and 2,11 into 2.1,
NTH = MU*(NU + NI + MDx(1 + (T,/Ty) (1 = 1/MD))«ND,
Since X is defined as ND/NU, NU may be written as,
NU = (NTH/MU = NI)/(1 + XaMDx(1 + (T /T )#(1 - 1AD))).

In this expression for NU, NI is the only unknown. (Remember that
NTH may be calculated from input parameters and that Te and X are selec~
ted in steps two and four, respectively, as the evaluation of the various
feasible system configurations prébeeds.) NI is, in general, a function
of the number of carriers that simultaneously access the satellite trans-

ponder and of the transponder output backoff. However, it has been
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shown that, as in the preseont case, if the number of carriers accessing
the transponder is greater than approximately 16, NI is a function of
transponder output backoff only, (18)

Step three, above, assigns trial values of transponder output back-
off, Thus, each iteration of steps one through four, or any subset
thereof, is equivalent to selecting a new trial noise budget since these
four steps determine NI, MU, and ND, (C/N) and (C/N), are now easily
determined using Eq, 2.4, and with these the up-link power (the up-1link
eirp divided by the transmit gain of the earth-station antenna) and
the down=-1ink power (the satellite eirp per channel divided By the gain
of the satellite antenna) can be calculated, In short, all cost-related
parameters of the system configuration that corresponds to a trial noise
budget are now known or can be calculated,

The values of the parameters of the minimum-cost configuration are
retained and printed in the format shown in Appendix E, The values of
a few key parameters associated with the minimum-cost noise budget for
each of the trial values of earth-station (G/T)  (step one) are also

rctained, They are printed as shown on page 13 of Appendis E,

b, The Total Cost Curve vs The Loop Variables
As already mentioned, the program generates trial
configurations by iterafion over the four steps, or program loops, out-
lined at the first of this section, For a given combination of earth-
station antenna diameter and equivalent input noise temperature, the
various ways in which the total noise may be allocated are obtained by
repcating step four a number of times for each repetition of step three,

The number of times that step four is repeated befcre repeating step
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three depends on the value of total system cost after cach step~four
iteration. 1In general, as X, the loop variable in stop four (defincd
as the ratio of down-link thermal noise to up-liuk thermal noise},
increcases while keeping the other three loop variables constant, the
cost of the earth-station power amplifier tends to increasc¢ and tine cost
of the satellite segment tends to decrease, Although monotonic, these
variations in cost exhibit a "staircase" appearance when plotted vs X,
Therefore, alfhough the curve representing the sum of these two costs
will exhibit a minimum, it may not be monotonic on either side of the
minimum, PFor each value of the loop variable in gtep three, a step four
will be repeated until two successive repetitions both yield a total
cost increase,

This same behavior of total cost 18 shown when all looup variables
are held constant except the loop three variable, This variable, BO,
is the output backoff of the satellite transponder. As BO increases
(all other loop variables remaining fixed), Lhe cost of the earth-station
power amplifier tends to decicase, The cost of the satellite segment
will first decrease (if the initial value of BO is sufficientl; low)
and then increase, This occurs because the cost of the satellite segment
depends on total power required and not just on the useful output power,
As BO i8 increased, less noise is contributed by intermodulation distor-
tion in the transponder so more noise may be allocated to the up~link and
to the down-1link, More down-link noise means lower down-link output
power, However, total satellite power is the product of output power

and transponder output backoff, It is this quantity that first decreases

to a minimum and then increases,
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Figure 2-5 shows the behavior just described, It is a plot of X
vs total system cost, with BO as a parameter, from an actual run éf the
single station program, For this figure, the digmoter of the earth-
station antenna is 15' and the'equivalent input noise temperature of the
station is 335 OK,

Figure 2-6 reveals, as expected, that total system cost also
exhibits a minimum when X and BO are held constant and distinct trial
configurations are obtained by changing (G/T)e (and the combination of
G and T for any particular value of (G/T)_ only). In this figure, BO is

equal to 6 dB and X is equal to a ratio of L.

E, PROGRAM RUNS FOR A TYPICAL DEMAND SITUATION

1, Values of the Demand Parameters

The traffic data for the program runs reported on in this section
were derived from 1971 Canadian national long-distance aggregate tele-
phone statistics and from the 1970 Canadian Census. The average per~
capita offered load, in erlangs, for long distance calls was approxima-
ted and used to estimate the long-distance traffic load that would be
offered by each town, city, or metropolitan area, Three different levels
of aggregate demand for satellite circuits were developed, representing
a lower bound level, a nominal level, and an upper bound level, (See
Appendix F for details,) In Table 2-2 these levels are described in
terms of the demand parameters that were mentioned earlier and that are
more fully explained in Appendix C,

The figures presented in the output format in Appendix E are the

results of program runs using the nominal demand level. This scetion

*
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Table 2-2

Assuned Demand Level [or a Cauadian

Domestic Satellite System

Demand Demand Lovel
Paramcter
Lower Nominal Upper

Demand Option regular regular overf low
E ., in erlangs’ 0,125 0.125 0.330
Eosl’ in erlangs* 0.275 0.275 0.720
EOll’ in erlangs h0.0 h0.0 600.0
NS{1),.4.,NS(5) 100 200 300
NS(6),44.,N8(15) 0 0 0
NL 1;,...,NL 5% 2 2 2
NL(2) 4+ 06 yNL{5 0] 2 2
NL(6),...,NL(15) 0 0 0
RSS(1),...,RSS(15) 12% - 12% 12%
RSL(1),...,RSL(15) 12% 12% 12%
RLL(1),...,RLL(15) 129 12% 12%

*For a P.01 grade of service in obtaining a non-busy transmitter-
receiver pair at an earth station, an offered load of 0.4 erlangs
(= 0,125 + 0.275) requires three transmitter-receiver (T~R) pairs,
Growing at the constant rate of 12% per year, an initial load of

O.4 erlangs will become a 15-year load of 2,18 erlangs, requiring
seven T-R pairs,

Definitions for Table 2-2

E s B are the loads, in erlangs, offered to a small station during
0ss osl

its initial year of service for circuits to all other small
stations and to large stations, respectively,

E 1 is the load, in erlangs, offered to a large station during its
initial year of service for circuits to all other large sta-
tions, In the overflow option it is the initial average
base-line demand, as defined in the text.

Ns(-), NL(') are the number of small stations and the number of large
stations, respectively, that begin service in year (.) of
the study period,

(cont)
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Table 2-2 (cont)

RSS( }, RSL(¢) are the percentage increases in load offered to a small

RLL( *)

station during year (*) of tho study period for circuits

to all other small stations and to large stations, respec-
tively,

is the percentage increase in load offered to a large sta-

tion during year {(.) of the study period for circuits with
all other large stations,
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will not give the results for ecach demand 1evel tn such detnil, Instend,
a summary of the optimum configuration for cach level shall be given
together with examples of the cost of using non-optimum values of trans-

ponder gain and small station (G/T).

2. Other Input Parameter Values

For each level of demand: the length of the study period is
equal to 15 years; an overall grade of service of P,C3 (19) is assumed
to be equally divided among origination station, satellite, and termina-
tion station; the_quality of all large station-to-large station circuits
corresponds to 10,000 pWpO of baseband noise, worse-case, or to a
weighted test tone-to-noise ratio of 50 dB; circuits handled by small
stations are allowed 100,000 pWpO, worse-case, or a 4O dB weighted test
tone-to-noise ratio; the threshold carrier-to-noise ratio ((C/N),, ... - .)
is 10 dB and the baseband processing improvement factor is 4 dB for all
four types of connection; a constant load of 36 w of satellite power is
reserved for two channels of national television; the satellite antenna
beamwidth is set at 5 by 7 degrees; and, the equivalent input noise

temperature of the satellite is 1200 OK.

3. Description of the Lower Bound Level of Demand

It may prove helpful to give a word description of the lower
bound level. Two large stations provide a large cross-section route
between Vancouver, B,C, and Ottawa, Ontario and act as access points to
the already existing terrestrial network within their respective service
areas for communities served only by satellite, These two stations will'

begin operation when the initial satellite is launched, (In gencral,
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the number of newly constructed large stations that begin operation each
year of the study period of represented by NL(T)).

A total of 500 small stations handle the long-distance traffic of
small- to intermediate-sized communities, One hundred of them will be
installed to begin operation with the initial satellite launch. An
additional 100 stations will begin operation at the first of each
succeeding year of the study up to the fifth year, No further small
station construction is anticipated, (In general, the number of newly
constructed small stationé that begin operation each year of the study
period are represented by NS(T).)

The initial load offered to each small station is 0,40 erlangs, of
which 0,125 erlangs (Eoss) is for connections to other small stations
and 0.275 (E_,,) is for connections to the large stations, From thes~
initial loads, the traffic carried by each small station will increase
at 12% per year, as shown by DS(T). DS(T) is the percent increase in
demand offered to small stations from year T to year T + 1. An initial
load of 40 erlangs (Eoll) is carried over circuits between the two
large stations. The large station-to-large station traffic will also
grow at 12% per year, as shown by DL(T), DL(T) is the percent increase
in demand offered to large stations for circuits with other large stations

from year T to year T + 1,

4, The Optimum System Design

Table 2-3 shows, for each demand level, certain key parameters
of the optimum system configuration, (Each configuration was determined
without the advantage of some 3 dB in carrier-to-intermodulation noise

ratio that has been shown to exist for single-channel-per-carrier
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.oporation, (20) Furthermoro, it is assumed that fully varinble demand
access is not implemented, being too coétly in terms of earth-station
channelization and signaling equipment, This assumption increases by a
factor of 1,15 the number of active satellite channels above the number
required for fully variable operation, And, finally, link calculations
are made assuming that all earth stations are located at the 3 dB beam
edge of the satellite antenna beamwidth, These leanings in favor of
conservative system design will be partially, though not totally; off:
by the various system lossés that are not explicitly shown, su:h as

losses at the earth stations.)

5. Cost Sensitivity to Small Station G/T

From the program print-out of the minimum-cost configurat:
corresponding to each trial combination of earth-~station G/T one ms
show the penalty that would be incurred if, for example, a non-opti.
value of G/T were selected for the small station, Figures 2-7, 2-%
2-9 are curves of total system cost, for each demand level, as a fu
of small station G/T. The large station parameters, in each case, -
held constant,

As expected, the total cost of the system exhibits a fairly f1
minimum with respect to small station G/T. In addition, the minin
fairly broad., For example, in the cases shown, the total cost has
increased by less than 10% for G/T values 2 dB away from the optimu
value, Obviously, the percentage increase at 2 dB decreases as thec
number of small stations decreases,

It may be seen, however, that there is a significant cost incr:

when a 20 ft, antenna is chosen for the small stations. This is du:
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almost entirely, to the cost difference between the 15 ft, ($7,000) and
the 20 ft. ($32,000) antennae, (Notice that the penalty, as a percéntngo
of the optimum value of total cost, increases as the number of small
stations 1ncreases.) Naturally, if this difference were reduced, there
would come a point at which the 20 ft, antenna would be the optimum
choice, It would be possible to determine the dollar value of the
difference at the cross-over point using the program. As yet, we have

not done so,

6. gost Sensitivitxﬁto Satellite Transpondg; Gain

To il1lustrate the merit of choosing the proper values for the
transponder gains, Table 2-l4 compares the unconstrained optimum configu-
rations with the least-cost configurations given that the transponder
gains are fixed and set equal to the gain that obtains for large
station-to~large station connections in the unconstrained optimum con-
figurations. The cost differences although small, relatively speaking,
are not negligible., Nevertheless, it should be remembered that for all
three demand levels, the optimum large-station antenna diameter is much
smaller than those of the present "standard" stations of the Intelsat
system, Thus, the optimum transponder gain for large station-to-largé
station traffic is larger and the difference between this gain and the
optimum gain for small station-to-small station connections is smaller
than would be the case for large stations conforming to Intelsat
standards, As shown in Appendix D, the larger the difference between
the optimum transponder gains, the greater the cost penalty associated
with the use of the large station-to-large station gain for small station-

to~small station connections;
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Cosﬁﬁnggit}yity to Baseband Signal Processing

Using the Satellite System Design Program one may easily in-

quire whether by using more sophisticated baseband signal processing

the cost of the gystsm could be reduced, The trade-off is an increased

cost for the provessing equipment vs a reduced cost for transmission --

because

ratios .

of narrower bandwidths and lower threshold carrier-to-noise

Table 2-5 shows the results of a run using the nominal demand

level where the threshold was reduced to 7.5 dB and the improvement due

to baseband signal processing was increased from 4,0 dB (pre-emphasis

only) to 15.3 dB (a combination of pre-emphasis, compandoring and "click"

suppression), The difference in total cost corresponds to a difference

of $600
system,
channel
cessing

An
when it
cost of

charges

per channel per year for every earth-gstation channel in the
From this, 1f would appear that up to approximately $3000 per
in initial capital costs may be incurred before baseband pro=-
is no longer the least-cost alternative.

even more favorable position for baseband processing obtains
is assumed that the revenue to pay for the satellite segment
providing 36 w for network television is not obtained from

for the use of telephony channels, In the nominal demand level,

the satellite pover for television is approximately ho%,of the total

present

number of watt-years of required power, When this fraction of

the satellite segment cost is subtracted from the total system cost, an

initial

cost difference of about $h000 per channel may be justified for

baseband processing.
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F. THE SATELLITE FACILITY MATRIX

Anticipating the need to economicaliy integrate the satellite
facility with existing and planned terrestrial facilities (a comprehen-
sive method of network planning is given in Chapter IV), it is convenient
at this point to present satellite facility costs and optimum parametef
values for several possible combinations of the required number of net-
work earth stations and the average offered load, in erlangs, per station,
They are presented in Table 2-6 which shall be referred to henceforth as
the Satellite Facility Matrix., All matrix entries were obtained using
the Single Station Program® with identical values of all of the input
parameters except those that represent the number of earth stations and
the average offered load per station, The common values of the rele-
vant input parameters are given in Table 2«7+ The values of the total
end-of-period (15 years) number of network stations and of the total
end~of-period demand that is served by the satellite are indicated on
the matrix,

For each different combination of the values of these—tWo input
parameters (the average demand, or load, per station is the actual input
parameter), the corresponding minimum-cost values of earth-station

antenna diameter (Da) and system noise temperature (Ts), total annual

cost per circuit (A$/C), and satellite transponder gain (Gtr) are shown,

*It is quite 1ikely that one of the options that will be available to
individual nations that are considering the establishment of a national
satellite system is that of leasing space-segment capacity on an
oxisting satellite . A lease option, characterized by an annual
lease fee per transponder or per watt, may be specified with either
of the Satellite System Design Programs, The Satellite Facility

Matrix is based on this lease option using an annual cost per watt
of $100,000|
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SATELLITE FACILITY MATRIX .
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Table 2-7

The Values of Some of the Input Parameters that wore
Held Constant During the Program Runs that Generated
the Data Shown in the Satellite Facility Matrix

Input Parameter _ Value

Total allowed baseband noise,
per channel 10,000 pWpO

Noise contributed by sources
other than up-link thermal,
down-1ink thermal, and
satellite intermodulation

distortion 2,500 p¥WpO
Threshold carrier-to~noise ratio 7.5 dB
Baseband processing improvement

factor 15,3 dB
Psophometric weighting improvement

factor 2,0 dB
Array entries for year-to-year

growth rate in demand (all identical) . 12,0%
Satellite equivalent input noise o

temperature 1075 X
Length of the study period 15 yrs

Satellite lifetime T yrs
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Also included are the initial load, in erlangs, per stotion (er1) aud
the initinl and end-of-period numbers of channels required to serve the
load offeored to a station that bLegins service during the first yecor of
the study (ch),

Aside from the cost information it provides for later comparisons
with terrestrial facilities, the Satellite Facility Matrix shows that
under the lease option (see footnote on preceding page) the minimum-cost
earth~-station parameters are not so much a function of the total number
of stations or of the total satellite load as of the per-station load,
For example, entries on the main diagonal from upper—lgtt to lower-right
ghow Lthat with a constant initial ioad per station of 1,8 erlangs the
same, or nearly the same, earth-station parameter values are the
minimum-cost values for numbers of stations all the way from 10 to 2000
and for total satellite loads from 40 to 8000 erlangs,

This is not surprising when the de-coupling effect of leasing
satellite capacity as needed is considered, When any one developing
nation must support the entire satellite segment, the tendency will be
to so allocate the available satellite power as to postpone as long as
possible the necessity of launching a second satellite, In this circum;
stance, as the number of stations and/or the total satellite load
increases, there is a shifting economic optimum between increasing system
capacity by increasing earth-station G/T and increasing satellite segment
capacity, In effect, this circumstance produces an equivalent dollar-
per-watt figure that is no longer a constant but is a function of the

total load offered to the satellite,
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G, CONCLUSIONS

With the Satollite System Design Program it has been shown that

under present industry pricingt

1)

2)

3)

k)

5)

6)

7)

The least-cost satellite system for national telephone
and television communications to thin route (only a few
circuits) users 18 accomplished using very small antennas
at the small stations,

These stations will use antennas that are less than or
equal to 15 ft, in diameter,

The diameter of the antenna at large stations need not

be greater than 32 ft, Indeed, in some cases 20 ft. or
25 ft, diameters are the least-cost choice with regard

to total system cost,

It 1s a misconception to believe that satellite power
must be conserved at all cost, The optimum configuration
for each of the three demand levels involved the launch
and subsequent simultaneous use of more than a single
active satellite., That is, it costs less to use more
satellite power than to build larger (in terms of G/T)
earth stations,

A key design parameter with regard to total system cost is
the gain of the satellite transponder, This, of course, is
not just another way of saying that satellite power should
not be considered as the most costly resource, Although
satellite power will decrease somewhat with sub-optimum
transponder gains, the level of per=channel output power
at the satellite is determined more by the G/T of the
receive station than by the gain of the transponder,

The optimum transponder gain will reduce the cost of the
earth-station by permitting a lower up-link eirp,

The proper satellite for a given demand depends not only
on the end-of-study, in-orbit power requirement but also,
and more importantly, on the manner in which this require-~
ment is reached, For example, the upper demand. level
requires 529 w of satellite power at the end of the

15th year, yet the minimum-cost satellite is one whose
available end-of-1ife rf power is only 120 w,

It may be very advantageous in terms of total system cost
to trade reduced transmission costs for increased costs of
baseband signal processing per channel, 1In addition to the
savings in the cost of power, as shown in Table 2-4, the
narrower bandwidths will permit the satellite segment to
handle more circuits without recourse to expensive schemes
to reuse bandwidth,
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ATTACHMENT XI.3

ALASKA PUBLIC HEALTH SERVICE UNITS COMMIINITY PROFILE

The data included in this report were created

from a file stored under the SPIRES Computer

Information Retrieval System at the Stanford

Center for Information Processing., These data

are also available for interactive searching.

Instructions for searching can be obtained at
(415) 497-2755,

INSTITUTE FOR COMMUNICATION RESEARCH

Stanford University
April 1974

Research Supported by Research Contract NOl-L4-1-4718 Between

Stanford University and the National Library of Medicine.
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ALASKA PUBLIC HFALTH SERVICE UNIT DEMOGRAPHIC PROFILES

The tables on the following pages have been compiled to assist
in the planning of satellite medical telecommunications in
Alaska, The tables, based on an earlier report by Daniel Allen
and Carol Wilder, draw on a variety of sources for their data.

The tables are organized by Public Health Service Unit,
which creates some problems in dealing with the population
figures, as noted below.

The population data were obtained from the 1970 census., The
native population figures were obtained from a variety of
gources, including the 1969 "Estimates of Native Population in
Villages, Towns and Boroughs of Alaska,'" and personal
communications with U.,S. Public Health Service personnel. The
populations for each Health Service Unit obtained by summing the
reported populations for all communities within the unit are
often misleading. The total population for Alaska obtained this
way is only 232,676 - some 70,000 short of the official census
total of 302,173, We have tried to locate these "missing"

Alaskans by developing a second population estimate based on the
1970 census district information, Although this is not completely
accurate, as the census district and Health Service Unit
boundaries do not always match, it does allow ug to narrow the
error,

As might be expected, most of the missing people are located
in the more urban areas, The Anchorage unit has 49,269; Tanana
has 11,768; and Mt, Edgecumbe has 5,959, (These figures were
obtained by comparing unit populations calculated by summing the
populations of all communities against estimates based on census
district populations.) ,

Native population figures for urban areas seem to be our
major problem area. We do not have these data for many cities, and
those data we do have often appear to be wrong; however, we have not
been able to identify more accurate projections, We include the
best possible estimates from different sources at the bottom of each
gervice unit listing,

Similarly, total native populations for each service unit calculated
by summing the native populations of all native communities in the
unit, are lower than most other estimates. The total native population
for Alagka, calculated in this manner, is only 49,653, while the
Office of Systems Development of the Indian Health Service estimates
52,300 and Alaska Native Enrnllment for the Land Claims Act
ennumerates 60,214 eligible natives persons and 3827 ineligible ones
(excluding those registered in other states).

Scheduled air service at airports was verified in the March 15,
1973 Offical Airline Guide.
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Telecommunications

In the cities, local telephone networks are operated by
municipal utility systems (e.g. Fairbanks Municipal Utilities
System) . In the bush, the major commercial carrier is the RCA Bush
Phone network, which at the present reaches a small number of
communities., Long line inter-city service for civilian use and
connection with the Bell System in the "lower 48" states is mainly
operated by RCA. RCA acquired in 1971 from the Air Force the ACS,

a system linking major communities in the Eastern and Central
gector of the state, 1In its bid for the ACS system, RCA proposed
to provide reliable telephone service to as many bush villages as
technically and economically feasible, 4

Only major cities have access to direct television, 1In a few
communities cable service and educational stations offer taped
programs,

Practically all communities have some kind of radiocommunication
with neighboring cities, but technical difficulties (from hardware,
the energy supply or the atmospheric conditions) make these 1links
highly unrelicble,

Data about telecommunications in this report came from the
following sources: |

For commercial public educational radio and television:
"Broadcast Yearbook'' and Television Factbook." They offer data
about practically all stations on the basis of information provided
by the stations and the FCC. An important source has also been the
Teleconsult Report (ref. 2),

For radio and phone facilities in the villages:

An extensive record is kept in the 'Communications Facilities Handbook"
issued by the Alaska Area Native Health Service., It includes informa-
tion by service unit and village, longitude and latitude, the type of
available communication, its frequency and call sign. RCA Alaska
Communications has made available to the public information about their
different accomplighments and plans, This material is available

from RCA representatives.

An additional source reference used is the report prepared
by Teleconsult Inc.,, "A Study of the Potential of Telecommunications
and Educational Technology to Satisfy the Educational Communications
Needs of the State of Alaska", Washington, D.C, 1972,

We feel these data are now about as accurate as we can make them
from Stanford, and that it should now be reviewed by knowledgable
Alaskans who can provide insight that those of us residing
outside cannot. We will appreciate any comments, corrections or
suggestions,
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GENERAL TABLES
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GUIDE TO TABLES

The Alaskan communities in these tables are ordered alphabetically
for each Public Health Service Unit (see Reference 16 above) with each
population-type grouped separately (see POPULATION below) :

*AXAANATIVE PLACES*#%#% . %NAT GREATER THAN 33

AAAAANON-NATIVE PLACES#**kk - #NAT LESS THAN 34

*AAXXUNPOPULATED PLACES#*#*** - TOTAL EQUAL TO O

The beginning of each new service unit is indicated by its name
in the top left corner of that page. At the end of each service unit
are notes pertainind to the reported population figures.,

COMMUNITY

The community's primary name is given first, Any alternate names
follow in parentheses. A name in parentheses preceded by "b:"
is & BOROUGH name of which that community is a part.

POPULATION - ‘
TOTAL = TOTAL POPULATION FOR COMMUNITY
NAT = NATIVE POPULATION FOR COMMUNITY
XNAT = NATIVE POPULATION/TOTAL POPULATION

TRANSPORTATION
APT = AIRPORT
0 = UNAVAILABLE
1 = SCHEDULED SERVICE
2 = UNSCHEDULED SERVICE
ROAD = ROADS
0 = UNAVAILABLE
1 = AVAILABLE
WATER= WATER TRANSPORTATION
0 = UNAVAILABLE
1 = FERRY
2 = RIVERBOAT

COMMUNICATION
TEL = TELEPHONE
UNPLANNED
EXISTING RCA BUSH TELEPHONE
RCA BUSH TELEPHONE PLANNED, PHASE ONE
RCA BUSH TELEPHONE PLANNED, PHASE TWO
RCA BUSH TELEPHONE PLANNED, PHASE THREE
COMMERCIAL TELEPHONE AVAILABLE
HIGH FREQUENCY RADIO AVAILABLE
UNAVAILABLE
PRIVATE
STATE
PUBLIC HEALTH SERVICE
BUREAU OF INDIAN AFFAIRS
= UNKNOWN OWNER
TELEVISION
= UNAVAILABLE
CABLE TV WITH MAILED TAPES
ETV WITH MAILED TAPES
AIR FORCE TRANSLATOR
UNCERTAIN BUT PROBABLY AVAILABLE
» COMMERCIAL TELEVISION
SATELLITE
X = LINK AVAILA'LE
(BLANK = UNAVAILABLE)

EWVMDLWNEROI NSWNNRMO I WNDWNO

SAT
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POWER

SOUR = SOURCE
= UNAVAILABLE
INDIVIDUAL GENERATOR
DIESEL GENERATOR
TIE LINE
SCHOOL GENERATOR
REA

6 = POWER AVAILABLE, SOURCE UNKNOWN
DIST = DISTRIBUTION

(SHOWN Ast

% OF RESIDENTS WITH POWER)

0
1
2
3
4
5

HEALTH AIDES

= NUMBER OF HEALTH AIDES ASSIGNED
(BLANK = NONE)

COORDINATES
LAT = LATITUDE
LONG = LONGITUDE
(ABOVE SHOWN AS "DEGREES ,MINUTES")

NOTE:

BLANKS are to be treated as an indication of MISSING DATA
except as noted under SATELLITE and HEALTH AIDES.
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EXAMPLE OF AN INTERACTIVE SEARCH INTO THE ALASKA FILE IN THE SPIRES
SYSTEM

COMMAND ? spires
WELCOME TO SPIRTS-2, OSVALDO +«+«IF IN TROUBLE, TRY "HELP'

SELECT ALASKA

FIND NATIVE POPULATION <1000 AND >25 AND PHS UNIT BETHEL
RESULT: 44 COMMUNITY (S)

STORE RESULT.NATIVE.VILLAGE.BETHEL

RESULT .NATIVE. VILLAGE.BETHEL" PUT IM ORVYL FILE SYSTEM.
FIND GRESULT.NATIVE.VILLAGE.BETHEL AND AIR 1

RESULT: 37 COMMUNITY (S)
FIND @GRESULT.NATIVE.VILLAGE.BETHEL AND AIR 2
- RFSULT: 5 COMMUNITY (S)

FIND @RESULT.NATIVE.VILLAGE.BETHEL AND ROAD AVAILABLE

ZERO RESULT.

FIND @RESULT.NATIVE.VILLAGE.BETHEL AND WATER-TRANS 1

ZFRO RESULT.

FIND @RESULT.NATIVE.VILLAGE.BETHEL AND NOT AIR 1 AND NOT ROAD 1 AND
NOT WATER TRANSPORTATINN 1

RESULT: 7 COMMUNITY(S)

AND TELEPHONE PROBABLY UNAVAILABLE

RESULT: 7 COMMUNITY(S) '

FIND @RESULT.NATIVE.VILLAGE.BETHEL AND RADIO AVAILABLE

RESULT: 43 COMMUNITY (S)

FIND @RESULT .NATIVE.VILLAGE.BETHEL AND SATELLITE RADIO

ZERO RESULT. )

FIND @RESULT.NATIVE.VILLAGE.BETHEL AND POWER AVAILABLE AND POWER
DISTRIBUTION >50

RESULT: 20 COMMUNITY(S)

FIND @RESULT .NATIVE.VILLAGE.BETHEL AND (AIR 1 OR ROAD 1 OR WATER-
TRANS 1)

RESULT: 37 COMMUNITY(S)

AND TELEPHONE PROBABLY UNAVAILABLE

RESULT: 35 COMMUNITY(S)

LOGOFF
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k% EXPLAIN ALASKA %%

This SUBFILE contains Profiles of Alaskan

Communities. An introduction to the file in terms of
its data and sources can be found by typing the command
'SELECT ALASKA NOTES' and then the command 'DISPLAY G-1',
For additional information on that subfile, type

'"EXPLAIN SUBFILE ALASKA NOTES'.

The ALASKA subfile contains the following
major categories of information:

. Community Name(s)

. Population

Public Health Service Data
Transpoxtation

Communication

Electrical Power

Geographic Location

. Geographic Groupings

9, Record Add/Update Information
10, Community Identifier

WO IWN -
e e = * @

An additional category of information is available
under the ALASKA NOTES subfile:
11. Appendix Information (General Description,
Footnotes, References)

The following ocutline details all of the data elements
available under the subfiles. UPPER CASE names are the
data elements. Additional UPPFR CASE names in parentheses
are legal abbresiations which may be used. An '*' means
the data element is required for each record (Community):
1. Community Name(s)
a. COMMUNITY* (COMM,C,NAME ,NAM,N,CN}
b. ALTERNATE-NAME (AN)
2. Population
a, POPULATION-TYPE*(POP-TYP,PT)
b. POPULATION (POP,P,TOTAL)
¢. NATIVE-POP (NATIVE.PUP,NAT-POP,NAT,NPOP,NP)
d. NATIVE-PERCENT (NAT~PER,NPER,NATIVE%,NATZ,N%,%NAT)
3. Public Health Service Data
a, PHS~UNIT* (PHSU,PU,UNIT,U)
b. HEALTH-AIDES* (HEA-AID,HA,AIDES,AID,ADS)
4, Transportation
a. AIRPORT (APT,AIR,A)
b. ROADS (ROAD,RO)
c. WATER-TRANS (WAT,WT,W)
5. Communication
a. TELEPHONE (TFLE,TEL,T)
b. RADIO (RAD,RA,HF)
¢. TELEVISION (TV) =
d. SATELLITE (SAT,S)
6. Electrical Power

o a. PCYER (POWER-SOURCE,POW,PO.PS,SOURCE,SO)
[ERJ!:‘ b, POWER-DIST (POWER.DIST,POW-DIS,PD,DISTRIBUTION

DIST,DIS)
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7. Geographic Location

a. LATITUDE (LAT,LA)

b. LONGITUDE (LONG,LON,LO)
8. Geographic Groupings

a. CENSUS-DISTRICT (CEN-DIS,CE)

b. BOROUGH (BOR,B)

¢, OTHER-REGION (OTH~REG,O)
9. Record Add/Update Information

a. CREATION-DATE (CRE-DAT,CD)

b. MODIFICATION-DAT (MOD-DAT,DATE,DAT,MD,D)
10. Community Identiffer

a, COMMUNITY-ID*(COMM~ID,CID,CI,ID)
11, Appendix Information

a. NOTE-ID (NOTES,NOTE,NI)

b. NOTE-TYPE (NOT-TYP,NT)

¢. COMMUNITY-REF (COMM-REF,CR)

d. NOTE-KEYWORD (NOT-KEY,NK)

e. NOTE-TEXT (NOT-TEX,TEXT,T)

COMMUNITY-ID is the key of each record in the file. It

is required by all DISPLAY, TRANSFER, and UPDATE commands.
CREATION-DATE is the date the Community record was first
ADDed to the file, MODIFICATION-DAT is the date the record
was last manipulated by an ADD or UPDATE command.

"EXPLAIN ALASKA NOTES' for more information about category
11. Remember that 11.b.-1l,e are available only under the
ALASKA NOTES version of the subfile, unless the command
'"FORMAT WITH NOTES' is given to specify the 'WITH NOTES'
Output Format. 'SHOW FORMATS' for other available formats.

All data elements are available as Search Terms ('FIND'
command) except COMMUNITY-ID and elements 11,b,-1l.e.

The following data elements have THESAURUS's describing
the simple and combined search values which may be used
with them: '

AIRPORT (4.a), ROADS(4.b.),

TELEPHONE(5.a.), RADIO(5.b.),

POWER(6.a).

Type the command 'THESAURUS data-element-name' and these

values will be displayed to you in WYLBUR.

For example: 'THE AIRPORT' puts the following into WYLBUR:
1.

2. A, Available

3. A.l Scheduled Service
4, A.2 Unscheduled Service
5. U. Probably Unavailable
6. U.0 Unavailahile

7. U.9 Missing Data
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The outline CODES show the relationship of values to one
another, but ONLY the values may be used in searching.
For example, in WYLBUR line #2, the combined search value
'Available' with the code 'A.' can be used to find the
simple search values under 'A.,1' & 'A,2'. Thus the
command 'FIND AIR AVAILABLE' results in communities with:
'AIRPORT = Scheduled Service'
or 'AIRPORT = Unscheduled Service',

While outline CODES may not be used in searching,

the number portion of any simple value may be used,
optionally separated by commas to specify groups.

Thus, 'FIND AIR O' is the same as 'FIND AIR UNAVAILABLE',
and 'FIND AIR 1,2' is the same as 'FIND AIR AVAILABLE'.

Simple values may be abbreviated in searching by use
of the pound sign (#), but beware of ambiguities and
do not use abbreviations which conflict with compound
search values, which may not be abbreviated.,
Thus, 'FIND A SCH#',
'FIND A SCHEDULED #,
and 'FIND A SCHEDULED SERVICE' are all equivalent,

But 'FIND AIR U#' would result in occurrences of
'Unavailable' as well as 'Unscheduled Service',

And 'FIND AIR AVA#' would not work because 'Available'
is a compound search value.,
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ATTACHMENT XI.4

Parameters and Costs of the Least-Cost
Satellite System Configuration

The satellite system analyzed has a satellite beamwidth of 50 x 7°,
similar to either the Canadian Anik Safellite or RCA's proposed satellite,
Within this coverage pattern it is assumed that 200 small ground stations
are installed each year for the first five years, FEach station starts
with a requirement for 0,4 erlangs of traffic, about one three-minute
call every 8 minutes and grows at a rate of 11% per year,

It is also assumed that two large stations are added each year for
the first five years, The large station traffic sfarts at 4O erlangs and
also grows at a rate of 11% per year,

Under these conditions, the optimum station design for the small
stations has a 10 ft. antenna, a 350° K pre-amplifier, and a 5 watt
amplifier, The initial installed capital cost for these components
(not including channelizing equipment) would be $10,905.

The channelizing equipment assumed for this analysis provides a
Test-Tone-to-Noise ratio of 40 dB with a Carrier-to-Noise threshold of
7.5 dB in a 20 kHz Bandwidth,

Additional computer runs show this configuration to be at or near
optimum for a 2 to 1 variation in number of stations or telephone traffic,

For the Indian Health Service it is appropriate to design a station
that approximates this configuration and incorporates the ability to
develope towards the configuration with time,

The following pages of this attachment are the computer summary of the

optimum configuration,
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PARAMETERS AND CNSTS
0OF THF
LEAST-COST SATELLITE SYSTEM CONFIGURATION

TABLE 9F CONTENTS

SUIMUARY 4 44 vesaanosssstessasssssonsesassssonsssssssessssensesasensPAGE 2
SMALI STATIAN PAR EMETERS AND COSTSesesssesossoasssonssssscsssassacecas b
LARGE STATTIAN PARZMETERS AMD COSTSeseesscsscessassssesssssssoessscssen b
SATEN L ITE SEGMENT PARAMETERS AMD CSTSsee sosesesssecssossasssonssoscns D

L‘\K C"LCULAT!CNSO“O““‘“‘00‘0“‘0“‘00‘0“"0‘00‘0‘0.00“0“‘0000‘ q
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wEHGUVMARY W&

Q7 #OHANNEL OUALITIESY .
{GIVAR TN TERMS OF WORST=CASE TOTAL ALLOWED MOLIST POWER N THE BASLBAND)
(SEC FOOTMOTE 34) .
FOr o L-TO=L CHANNELS
FAT 5=TN=S CHANNELS

10C00 PWPO FOR S=TO-~1, CHANNEL:S
100000 PWPO FOR L=T0-S CHAMNNELS

1000600 PWPO
100000 PWPO

hn
T

*5YSTHM COSTS%

TOTAL PRISENT WORATH 91,820 %M
SATELLITR SHEUMUNT PRESENT WORTH T1.254 &M
TOTAL PRESENT WiATH OF ALL LARGE STATIONS 1.870 %M
TOTM, PRESENT «PRTH IS ALL SMALL STATIONS 18.695 ¢M

[F YH I TITAL CISY OF THE SYSTEM WIRE RECGVEREZD THRCQUGH UNIFORM ANNUAL
P:iR-STATION CHARGES, TrESE CHARGUS WAULD BES

AACIAL Crtaesgt PER JPERATING LARGE STATION $ 1252913,

AHIAL CHANGE PER O JPERATING SNMALL STATION $ 6855,
1F Ty TOTAL COST OF THE SYSTEM WERE RECOVERED THRCUGH UNEIFORM ANNUAL
PLF-STATION CHARGES, THISL CHARGLES MWOULD Bi:

AL CHARGE PER CHAMNEL AT LARGE STATIANS $ 761,

ANCIUAL CHAKGE PORk CHAMNEL AT SMALL STATIONS $ \Fagq,
[F. ™H.. TOTAL COST SF THE SYSTEM WERE RECOAVERED THROUGH UNITFORM ANNUAL
PER -FSY-HIUR-~ZRLANG CHARGE S, THESE CHARGES WOULND NE:

AMTIJAL CHARGT PER BUSY~HCUPR ERLANG AT LARGE STATIONS $ 869,

AtpitJAL CHAKGE PER JUSY~HOUR EQLANG AT SMALL STATICNS ¢ 8120,
I[F Tr13 TOTAL COST OF THE SYSTEM WERE RECOVERED THROUCH UNIFORM CHARGES -
PER CALL=-4INUTE, THE CHARGES WOULD Be (SEE FOOTNOTE 1, PAGF 3):

CntinGE PER CALL-MINUTE AT LARGE STATIONS $ 0,04

CHARGE PEP CALL-MINUTS AT SMALL STATIONS $ 0,34

{THE APPROPRIATE CHARGE [S PAID BY BOTH CONVERSANTS)

#®SUB-SYSTEM PARAMETERS AND COSTS%

SMALL STATICN:

ANMTENNA DIAMETER = 10 FT RCVR NOISE TEMPERATURE = 350 DEG K

POHER RATIMG CF INITIAL PCARER AMPLIFIER = 5 W

INETIAL INSTALLED CAPITAL COST (STZE FOOTNOTE 2) o $ 10905.
LARG. STATICHN:

AUTTNNA CIAMSTER = 20 FT RCVR NOISE TEMPERATURE = 9t DEG K

POWER RATING OF IMITIAL PCWER AMPLIFIER = 100 W

IMITIAL INMSTALLED CAPITAL CNST (SEE FOOTNOTE 2) $ 105309,
SATZLLITE SEGMENT:

TOTALL RATED SATURATED OUTPUT POWER PER SATELLITE 120 W

SATUELLITE LIFETIME ' T YRS®

REQUIRED SATELLITE LAUXHCHES, TN UNITSy VERSUS TIME (FRAOM LEFT TO
RIGHT, BEGINNING HITH YEAR 1 COF THE STUDY PERIND)
2 0 0 o0 0 0 0 2 0 0 0 0 0 0 2

TRANSPONDER GAINS (SEE FGCTNOTE 38)
FOR L-TO-L CARPRIERS = 115,2 D8 FOR S=-TO-L CARRIEPRS

113.,4 OB
FOR $-T0O-S CARRIERS 12&.2 ch FOR L-TO-S CARR]ERS

122.4 OB

nw
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#EAQTROTES TO SUMMARYX®

1. THE CHARGE PER CALL-MINUTE (&/C-M) IS CALCULATED USING THE fFaL-
LN ING FORMULAG

$ /0 -\

i

CH/7AHE=Y ) X (E/(C~M M) IR (Y /0 EAD/H) X RFESAY)

Wett oot p/RHE-Y
E/LC-M/H)

THYE AMMUAL (P, PEK-YEAR) CHARGE PER RUSY-MCUR ERLANG
A FACTAR TR CCNVERT ERLANGS TN CALL-MINUTES
PER MY (=1/7£9))

(1T

D/Y = THE GUMBER NF QUSY DAYS PER YEAR (:250)
(THIS FACTOR ACCOUNTS FOR THE FACT THAT ON WiI'K7NDS
AND SING FPLICAYS TH: BUSY HOUR LOLD OROPS SHARPLY
FenM [TS NCPMAL BIHSINESS DAY LEVFL)

HZD = THI “MABCE OF HOURS PEF DAY DURING WHICH THE MAJORITY

(IF THE CALLS ARF MADE (=8)

RHS/AT = THE RATIO OF THE QFFERED LOAD NURING THE BUSY HOUYR
{BYSY=HIUR ERLANGS), I[N ERLANGS, TO THE AVERAGLE HOURLY
LAD PTR 8-HIUR DAY (AVERAGE EPLANGS ), IM FELANGS (=9%)

e THE CAPITAL COST GF RARTH-STATION SQUIPMENT INCLUDRS A VOLUME D1S-
COumY U YHE SINGLE-TTEN CNST NF IDENTICAL ITEMS PURCHASED IN THE SAME
Yihte  FOR N UNTTS T RATIO (R) OF THE PER-UNIT COST TO THE SINGLZ-ITFM
CNSF IS

R o= 0.92%%(LNGIN)/LOG(2))

HHER® 2ol DENCTES CXPOMENTIATION.

3e TR THLIS PARAGRAPH L STANDS FOR LARGE STATIONS AND S STANDS FOR
SHALL STATIQUS.. THERLEFOIRE,

£o TEOR L-TN=S CHANMTLSY NMIANS 'THE QUALLITY OF ALL CHAMNELS FROM A
LAIGE STATIOM T A SMALL STATIONY,

Be 'FOR L-TN=S CARRIFERSY MEANS *THE GAIN OF TRANSPCMLERS THAT HANDLE
JULY THNSE CARRIERS BEING TRANSMITTED FROM A LAQGE STATION TN A
SHALL STATINNMNY,

(THE PHRASES USING L-TO-L, S-TO-L, AND S$S-TO=-S$ HAVE SINILAP MEANINGS,.)

GEST 0.
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ég\ SouAGUALL STATION DATA SERET S 4n

BCIACHTT DEYAMD AXD STHTICN FOST FISURES

Tie DEVLIND NEFFREC TO A QAL STATIOM £0F SERVICE 0125 FRLANGS
WIETE AL TTHER SMALL STATIORS DUPING THE FIKST YEAR
THEE STATICKN TS U1 OPFRATINN

THE DUMANME CFFERFE TN A SMALL STATION FOR SERVICE Q275 ERLANSS o
WITH ALL LARGE STATIONS NJRIMG THE FIRST YEAR THE
SYATION 1S IN OFEATION '

THE CERCENT THCREASE IN BEMAMD OFFEOED TN A SMALL STATIOM FCR SERYICE
TO ALL CTYHDR STATINAS DURIES EACH SUCCEFDING NOME-YEAS PRS00 OF TTS St~
VICFE LIFE [(FROV LEFT TO @ IGHT, BEGIPNIMNMG WITH THE FIRST YEAR THE STA-
TICH TS IN OPFRATIOM) ¢

LEX LYre 1i? i bLe 1 11?2 11y Ly b1y tiq bl 11y 1142 117

THE MUMBER NF MFYW STATIOVNS THAT BEGIN SERVICF IN EACH SUCCEEDING YEAY OF
THE STUCY PERTON (FRAM LEFT T RIGHT, BEGINNING WITH YEAR 1)t

200 26 2€0 200 200 0 0 © ¢ O 0 O O 0 9 -
INITTZL CAPITAL CEST PE® STATION $  BRIL,
INITTEL TNSTALLATIOM CNST PER STATION $ 890,
IMITTZL YISCELLAMENUS COST PER STATION $ 1190,
IMITIAL INSTALLED COST PEF STATION ¢ 10905,

#ANTENNAX |
NIAMETER 10 FT
CAPITAL COST {WITH VOLUME DISCOUNT) $ 634,
(BASED CN NON-DISCOUNTED, SINGLE ITEM COST OF $  1200,) .
TNSTALLATIOM €OST s 180,
ANMUAL OFERATICNS AMD MATNTEHANCE COST 5 180,
MUSCELLANFOUS CNSTS $ 240,
ALLCHANGCE FOR LANT AMD BUILDTHG & 4590,
#1.04 NIISE RECEIVER*
EOUTVALENT INPUT NOTSFE TEMPERATURE 350 UEG K
PRE-AMP C(APITAL CCST {WITH VOLUME OISCOUNT) s 13722,
(PASED CM NOM-DISCCUNTED, SIHGLE ITEM COST OF &  2500,)
THSTALLATION €0ST s 250,
ANMJAL CPERATIONS ANO MZ INTEMANCE COST s 205,
MTSCELLANEOUS COSTS $ 5010, ¢

(COMTINUED)
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PRSI LE STATICN, FONTTHUE Pk

SECWE2 AMPLTEFRS AN CHMEPICL CARACLTY Y

CATEN CUIPUT POMER OF THITIAL POWER A4PLTETER L
(VF STATIONS BECIAMTHG SIFVICE Ti YEAY (NE)
CAPITAL COAST (WITh VLN BISCIUNT) Fooo2379,

(PASED O Hrh-D[SCOUMTIDy SINGLE TTEM CIST 0 & 4500,)
INSTALLATION COST 4
AMMUAL CPRRATICHNS AN MAINTENANCE COST % G,
MUSCHLLAabFOrS NS 1S %,

THE FOLLCYTING TABLE SHOUS THE NUMRES OF NEW STATINNS THAT BEGIN
SEEVICESAY THE FIPST OF YEAR U OF THE STUNY PERICD, THE MUMIE R OF
CHAMEEL S SPQUIRFC AT TRF FIOST NF YEAR T OF YHE STUDY BY A STATION
THAT PESELS SCRVIECE LT THE FIRST OF YEAP 1)y ANDy WITH 8N ASTEP ISK, ThHE
SETURMITE DUTRUT FOWER RATIG OF THE PNVEP AMPLIFTER 2FEOUTRED T HAMDLL
THE ASSTICUATED AUNMIER OF CHANNELS

YEAR L 1 2 3 4 5 6 v £
STINS

ACDED: 200 200 200 200 200 0 Q 7
Yl T= 1} 3 Q 0 0 0 0 0 ()
5% Q% Nk 0k Q% Qs () e (%

2 4 3 Q 0 0 0 0 0O

5% 5* 0% 0% Q% )% 0 0~

3 4 % 3 0 0 0 0 0

5% 5% 5%k (% O Q% 0 914

4 4 4 4 3 0 0 0 0
5 % A% & 5% Qs O Qe () *

o] 4 4 % 4 3 0 0 0
5 % § % 5% 5%k 5% QO N 0

[ 4 4 4 4 4 0 0 0

5 % G & Bk 5% 0 O O*

7 S 4 4 % 4 0 0 0

5 5 5% 53¢ 5% Qe 0 014

1 5 5 4 4 4 0 0 0

5% 5% 5 5 § % 0% 0 % (i

g9 5 5 5 4 4 0 0 (4]

5% 5% 5k B - 5% Q% L] (417

1C 5 5 5 5 4 0 0 G

5 5 5% 5k 5% Q= Qe N

11 6 5 5 5 5 0 0 {)

10#¥ 5% S5k 5% 5% 0% Q% (e

12 & 6 5 5 5 0 b} 0

1OXx . 1 0% 5% G 5% ox Q% O*

13 6 6 6 5 5 0 g O

10% 10% 10% 5% 5% Onu o O

14 7 6 6 & 5 0 0 0

10* 1 0% 10% 10% 5 ¥ 0% (03 912

15 7 7 6 6 b 0 0 4]

10% 10% 10 10* 10% o WES 0%
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vECLARGE STATINON DATA SHEE Txk*

#CIRCUIY D2MAND AND STATION CUST FIGURES#

Thi CLNAND NFFERED TO A LARGT STATION FOR SERVICE 40,000 ERLANGS
ST ALL CTHEIR LARGE STATICNS DURING THE FIRST YEAR
v STaTlon IS I NPERATICN

THe 2220EMT INCREASE [N DEMAND OFFFRED TO A LARGE STATION FNOR SERVICE
TH il NTHEIR LARGE STATIONS DURING TACH SUCCEEDING ONE-YEAR PERIOD OF
[T% “+aVICE LIFE (FRGM LAFT TO RIGHT, BEGINNING WITH THE FIRST YEAR THE
STt IS I NPsrATION) ¢

4% Ui+ 112 11% 11% 11% 11% 112 11% 112 11% 112 11% 11% 11%

Teeo £ 70830 CFFHRED TN A LARGE STATION FOR SERVICE WITH ALL SMALL STA-
YUY CAN MOT AF [MDEPENDENTLY SPECTFIED. IT IS CALCULATED SO AS TN BE
Crn T IRLE WITH THE DEMAND CFFERED TO SMALL STATIONS FOR SERVICE WITH
LAR5 T STATIGMS.

THY MUMBER QOF MEW STATIONS THAT BEGIN SERVICE IN EACH SUCCEEDING YEAR OF
Tioo STHRY PERIND (FROM LEFT TO RIGHT, BEGINNING WITH YEAR 1)
2 2 2 2 2 ¢ c 0 0 0 0 0 0 0 0

[NITTAL CaPITalL COST PER STATION $ 82400,

(ITIAL INSTALLATION £OST PER STATINN ¢ 10200,

INITEAL MISCPLLANED)S CNST PER STATION $ 12700. °

INT™FaL ITNSTALLED COST PER STATINN ¢ 105300,
*ANTENNA*

DT £METER - | 20 FT

CAPITAL £OST (W4ITH VOLUME DISCOUNT) $ 29440,

(BASEN ON NOM=-UISCNUNTED, STNGLE ITEM COST OF $ 320004}
IHSTALLATION CNSTY $ 64004
AtritAL OPERATIONS AND MAINTENANCE COST $ 5760.
MISTELLANENUS COSTS ' $ 6400,
ALL'ANCE FOR LAND AND BULLCING $ 18000.

*LOW NDISE RECEIVER®

EQUIVALENT IMPUT NOISE TEMPERATURE 97 DEG X
Pi: ~64P CAPITAL COST (WITH VOLUME OISCOUNT) $ 23000.
(BASED ON NNN-DISCOUNTEDs SINGLE [TEM COST OF & 25000.)
INSTALLATICN COST $ 2500.
AMHILAL OPEXATIONS ANMD MAINTENANCE COST $ 6250,
MTSTELLANEQUS COSTS $ 5000,

{CONTINUED)
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PERELAPGE STATION, CUNTIMUL D&%

HPOAER AMPLTFIERS AND CHANMEL CAPACITYX®

EACTE DUTPUT POWER OF THITTAL POWFY AMPLIFTER 109 W
(b STATTUUS PEGIMITNG SERVICE IM YEAR OME) ‘
CAPITAL COST {=1TH Vatgt= DISCAUMT) $ 11960,
(HBASED N NOM=DTSCIUNTED, SINGLAE [TUM COST 0F 3 12000.)
[HSTYALLATINN COST $ 1300,
AL OPCRATTAONS ACID MATHTENANCE CNST $ L A0G6,

MESCELLAHSIUS COSTS $ 1309,

"HE FELLUOWING TABLE SHOWS THY NUMBER OF NEW STATINNS THAT BEGIN
SERVICE AT THE FIRST 1F YEAR U CF THE STUDY PERIOD, THE MUMRER OF
CHANETLS 2P QUIRID AT THT FIRST NF YOAR T OF THE STUDY BY A STATION
(27 BEGINS SERVICE AT THL FIRST OF YEAR Uy AND, WITF AN ASTERISK, THE
SMUULLTED GUTPUT POWER RATING NF THE POWER AMPLIFIRR REQUIPED TO HANDLT
THo ASSNCTIATIN NUMSHR OF CHAMNELS

Yipn U 1 2 3 4 5 6 7 8
5719

AVDEDS 2 2 2 2 2 0 0 0

YR T= 1 195 0 0 0 0 0 0 0
10D O Q% o Q% ox* Q% 0%

2 122 88 0 0 0 0 0 ¢

JRSEVAS 100% O Q% 0% o* Qe Ox

3 139 104 B2 0 0 0 0 0
10O LOD% LOQ* 0x Qe Q% 0% Q%

4 155 119 57 79 0 0 0 0
300 L 0O 100% 100% ox 0% 0% E

5 167 130 107 89 73 0 0 0
300% 100 100* 100 100% 0% o o=

6 181 143 119 100 84 0 0 0

300% 1 00 % 100*% 100% 100% 0% o 0«

7 196 153 133 113 96 0 ) 0
300% 300% LO0* 100* LOO*% . O o 0*

8 213 174 148 127 109 0 0 0
390% 300% 300% 100% 100% 0% Qx Q%

9 232 191 164 142 123 0 0 0
300% 300 300% 100%* 100% O Q% Qe

10 253 211 163 160 140 0 0 0
300% 300% 300% 300% 1 00% o 0 O

11 2117 233 204 180 159 0 0 0
300% 300%* 300% 300% 300% Ox Q% 0%

12 303 258 2217 202 179 0 0 0
300% 300% 300 300% 300% O * Q¢ Q%

13 333 286 253 226 202 0 0 0
390% 300% 300% 300% 300% O* Q% 0%

14 366 317 282 253 228 0 0 0
300% 300% 300% p0* 300% O* O» 0

15 403 351 314 284 257 o 0 0

300% 3004 300% 300% 300% 0x* ox 0
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*AASATCLLITY SEGMENT DATA SHEL Tk

*TIHIPVENT SPECIFICATIONS*

SATHLLITE LIFETINE ToYRS
ANTENNIA BEAMWIOTH : 7.0 X 5.0 DTG
RECSTVER EQUIVALENT INPUT MOTSE TEMPIRATURE 1200 PEG K
RECTIVE G/T, AT PEAM CEMTER =244 08
TOTAL RATED SATURATED OUTPUT POWSR, PER SATELLITE 120 W

TRANSPONDER GAINS (THE GAIN OF A TRAMSPONDER IS ODEFINEC HEPE AS THE
RATIO OF THE POWER PER CARRTER AT THZ INPUT TO THE TRANSMIT ANTEHNNA
TO THAT AT THE QUTPUT OF THE RECEIVF ANTENMA):

T2ANSPONDSRS FOR LAKGE STATION-TO-LARGE STATION CARRIERS 11%.2 D6
TEAMSPONDERS FOP SMALL STATICN-TO-LARGS STATIGN CARRIGRS 113.4 DB
TRAHSPONDERS FOK LARGE STATICN-TO-SHMALL STATION CARRIERS 1262 05
TRANSPONDERS FOR SMALL STATION-TO-SMALL STATION CARRIERS 122.4 BR

~
IN=ORBIT RATED SATURATED QUTPUT PNWER REQUIREMENT, IN WATTS, FNR FACH
YEAR OF THE STUDY PERIOOD (FPOM LEFT TO RIGHT s BEGINNIMG WITH YEFAR 1)

TATAL 44 49 53 60 65 €8 72 76 80 85 9C 96 102 110 118
L-TD-L 0 1l 1l 2 4 4 5 6 b 7 g 2 10 11 13
L-T0-S 5 8 10 13 15 16 18 20 22 25 21 31 3& 38 42
S-T0-§ 2 3 4 7 8 9 11 2 13 14 15 17 19 21 23
S-T0-L 0 0 0 0 1 1 L 1 1 2 2 2 2 3 3

TV 36 36 36 36 36 26 36 36 36 36 36 136 36 36 36

THE NISCOUNTED NUMBER OF WATT=-YRARS OF EACH COF THE ABOVE PCWOR RLEQUIRYE-

MENTS (NORMALIZED TO 575, THE NUMBER CORRESPONOING TO THE TATAL POWER
REQUTPEMENT ) ¢

TOTAL=1.000 L=-TO-L=0.,129 L-TC~S5=0.014
TV=0.538 - §=TN=£=0.074 S=TC-L=0.244%

REQUIRED SATFLLITE LAUNCHESs IN UNITS, VERSUS TIME (FRCM LEFT TO RIGHT,
S8EGIMMING WITH YEAR 1 OF THE STUDY PERIND)
2 0 0 0 ¢ .0 0 2 0 0 o 0 0 o 2

2COSTS*

4

SATELLITE ODEVELOPMENT COST Ba0 %M
IN-NPBIT COST PER SATELLITE (NOT INCL. DEVELOPMENT) 16.0 14
TOTAL PRESENT WORTH OF SATELLITE SEGMENT 713 M
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SO O S N I T A N AR N IR TLE YAV O G (P B LAY IO LSSENLY IR T TR B B O KT T OV IR YY B I R EF AN

U L [NK

RIANS SLENE IS INNT XA IYRPTUA | -€.9 DTy
EUTEI A e flo B 18
Proiiib v g AN O ATWASPRL 20 AR SERP T DeH R
TATTE LSS (SEE FCLTHOTE Y, 167 DB
AT Y054 ' 200.,1 0B
STHLLUTTE G/ -2¢% DI}
LSS FF QECELTION AT 1=D8 3P A £05F 1,0 DE
HP--L I /7 ~L71.9 OP
PUNTOE DANCRIDTE (21,0 KHZ) Y302 LR
R TIYPNNES- CONST AN ~220.6 DBW
UP~LTM /N 13,5 DF

(HASEPAND MNOISE FoNV HD-[IWK T ERMAL MATSES 29329 PWPO)

RCARRTER =TO-S2 PHLLITE TOTERSMLLATICON NOTSE RATIOY

C/Y (LITE 6 0RO F DIToE FACKIFER) 17,0 08
ARSI ATTEMIAY T UE T =L 1K RATH L0SS t.7 NA
.71 15,3 U~

(FASEEANTY MATSE FR00 [OTE2NIDSLATION DISTCRTION: L6511 PuPN)

TDOVAN L TNK #

PR AT ANTENMA TMDYT ~15%. 2 LBW
ARNICPN2 CGALM 28.4 DA
LOSS FOR TRAMNSKISSING AT 3-13 BEAM EDGE 2.0 D3
PATY {1:SS 196.0 DR
PATH LOSS (SFYE FOOTHOTEDY, ' 0.0 DB
AVTIELLTIOCN FOCH LIP~ (MK RATH LOSS lo 7 DB
PV ING 2RO ANT ATNOSPHERIIGC ASSORPTICN 0.5 DB
EAC T --STLATIAMN G/T 13.7 DB
DEGEALATION 1M G/ZT e TO ' 3H=LIMK RATE LOSS 0o DB
DIl =V INK C/T ~17¢4.9 08
HO TGy BAMDATIDYH {21 .0 KliZ) 43,2 0t
POLT/MANNIS (NNSTAMNT -220.,06 DNW
QOWNLLTARK C /N 10.4 08

(FASEQAND AQTISE FRCM DOMN-L K THERMAL MOISE: 50658 PhPO)

¥SYSTEM*

SYSIEN C/N (COMBIANTNG THE A3)VE RESULTS) 7.5 0OR
THE CLALTIY OF - THF CHAMMEL TS SUCH THAT TNTAL BASERARD MOISE,
1 10 WCORST CASES WILL HMOT EXCCED 99698 PWPO

LTHE SEM OF THE CONTEIRUTIONS LOTED ARGVE AMD AN ALLOW-
ANCE ©F  75GC PWPO FEQY 2LL OTHER NCISE SCURCES.)

FOOTHOrE: [T IS ASSUMED THAT RATH LOSSES KILL NQT QCCUR STHUL TANENNSLY
A BOTH TRE UP LIMK AMD THF DOAN LINK, BASED ON MAXTHUM LASSES (NOT
EXCFELED 99% OF THE TIME) OF 1,70 OB AND 1400 NPy, RESPECTIVELY, THE
PROGPAN HAS DETFAMIMNED THAT RAIN LGSS IN THE UP  LIMK IS THE MORE DET-
RIMEPTAL T NVERALL QUAITTY. (OF COURSE. WHEN &ATH LOSS OCCURS TN THE
NPOLTAK, THIS SAME DI“IHUATIFH [M CAPRIER PCWER CAPYIES GVEF, THROIGH A
LINEAR TRANHSPONDER, TN THE DNWM LINK AS WELL.)

O
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EeLINK CALCULAT FV I bt S AL STATIOS T O ARGE STAY [0 (Ot £ TTar g

TP LK

S M ANTENNA (bt ~1sh Dfw

Aoapareey gy 42.6 DY

ROLALTAG BFR20R ANT ATNNEPYE 2T ARSPEOTION OeH NIF

ALY VUSRS (SEF FOFEITE) .0 f

PAL L T 08S U041 Of

SATEINSTE G/Y -2 IR

LESS 70 CECreTION AT 3~ VWA EDOE 3.0 (°

=t 1 /1 =170.,9 DR

HOTSE BEAVCUINTE (2] ,0 KHZ) 1262 DR

AOLYIYAINNIS CONST &I F ~228.,0 0LEW

U=l the rpy Lbaes
(TASTRAND HTSE FROM UP=-LTNHK THERMAL MNTISE: 20033 PUPO)

XCIARTER-TO=SATELLITE [MTERMODULATION NOISE RATIOX

/0 (vl 6 OB NE DOTPUT EACKIFF) 17,0 DR

CARPYTR ZITENUATION DUE T H2=L 10K RATH LOSS 0.0 DB

C/1 17,0
(PASERANG NOTSE FROY THTERYD)ILATION DISTORTION:  LLL67 PWPO)

RIOWN L TRK*

POWED AT AMTENNA (D'enT ~20¢7 DBW

LUNTEMIIA ALY 2844% DB

LOSS ECR TUANSVISSIOY AT 3—-0H BFAM [NGE 3.0 0N

PATY L 0SS 196.6 3

s, ¥7 1SS {SFF EFOLTMOTF), 1.0 OB

ATTREEGATICH FEAM UP -1 INY RATH L DSS 0.0 DY

POIRTING ERPO9 ANT ATMASPEI2TIC ARSORPTION 05 DN

FLEOTH-STATINAN G/ T 25.7 DB

DECACATION N G/T DUE T DIwM-LINK RATN LOSS 2.1 D8

NGEN=-LINK C/T ~175.8 DA

NOVISE SANTHILRTE {2140 KHZ) 4302 09

ROLT/72AMNYS CONSTANT ~228.6 DY

””s‘n"!"‘LINK C/:\ 9.6
(#2S ERBAND MOISE £rCH OWIH=-U {HK THERAAL NNISE: 61235 PHPO)

*¥SYSTEM*

SYSTE® C/H (COMBINING THE ABNVE RESULTS) 7.5

THE COALTTY OF THE CHANMNEL IS SUCH THST TOTAL BASEBAND I"1ISE,

POTHE WC2ST ZASE, WTLL HOT EXCEED 96996 Oy

(THE SUNM IF THE (HTPIFYTICMS NATED A3CVE AMD AN ALLOW-
ANCE SIF 7500 PWYPO FROM ALL OTHE? NJIISE SOURCES. )

CFACTNTTE:  IT 1S ASSUMED THAT RATN LASSES WILL NOT £CCUP STMYLTANEIS
WL ANTE THE UP LIMC AMD THE DOWN LIMK, BASED ON MAXIMUM LOSSES (NOT
EXCPECEL S9% OF THE TIME) AOF 1,70 08 AND 1.00 DBy, RESPECTIVELY, THF
PROGPA HES CFTEPMINAD THAT QAIM LOSS (N THE OOWN LINK IS THEE MORE DO
RIMEMTAL TC AVERALL QUALITY, (9F CIURSE, WHEN RAIN LUSS ©:CCHRS 1M TH
WP LIt'Ky THIS SAME DIMINUATION IN CAR2[ER PCWER CAREIES AVEP, THROUGH
LIMNFAT TRANSPANOER, TO THE DDIWH LINK AS WELL,)

ERIC

IToxt Provided by ERI
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FELUMK L LOULATENS Bl LARGE STATEQN=T1-LARGE STATION CONILCT [i- it b

“UP LMK

PON"2 AT ANT vpa TP pPYT -lle3 CRY
LAaTESidan Gagw 69,1 DR
POVATING CRECY AND ATUNSDHERIC ABSORPTINON 0.5 CB
RA{Y LISS (SCT FraTiuTre ), 1.7 R
PAL L OSS 200.1 DA
SAY 1 ITE ”/r -2t OR
LOSC £ ReCUPTIUN AT 3-DE ERAV ¢DGE 3.0 DR
UP=LT"IK C/T -170.0 08
NOT 0 MAMDYTRTH (38.0 KHZ) 45,8 0OA
HUOLT/MAGNEYS oM STANT -228.6 D\
U= 1~ C/N 12.8 nd

CHOASLIANG LISy FROM Up~LINK THERMAL MNULISH: 2924 PWPO)

AOALLEL-TN=SATELLITE [HTSRMODULATION MOISE RATICH

C/Z1 C00TH £onn Q8 GUIPUT RACKOFF) 17.0 DB
CAmet TR ATTESUATI NG DYE TN UP-LIMK RAIN LGSS 1.7 DR
(A 15.3 0R

(AASEYAND MITST FROM TRHTIRMODULATION DISTURTIONS 1649 PwpO)

BOCWN LINK*

PUl b AT ANTOM A [TMNDUT -22.3 DOBHW
AMTIONG GATN 28.4 DR
LU FORROTEAMSMHISSTINN AT 3-LB EAM £DGE 3.0 DB
PATH LLQSS 196 .6 08
RAT'D LSS (&4 F-MITMOTEY), 0.0 CB
ATT e AT IR Fan tp=-LTNK FAIN LOSS 1.7 OR
PO ITEMG EXROP M50 ATYASPHERTC ARSORPTION 0.5 DB
SAE TU=STATINN G/T7 25.7 OB
NDLEGPARATION I3} G/T DUS TN DCWN-LINK RAIN LOSS 0.0 D8
D LINK C/T -170,0 06
MUTLE SANDWIDTH (33,0 XiH2) 45,8 DA
BOLTLMAGNYS CONSTANT -22%.6 DPRW

OM=LIMK C/N 12.8 N
(AMSEBAND NIT<T FRUY DOWN-LINK THERMAL NOISE: 2924 PUPQ)

*SYSTCM* '
SYST-1 C/MN (COHBIMING THE ABOVE RESULTS) 7.5 DA
THY DUALTTY DF THE CHANNEL IS SUCH THAT TOTAL BASEBAND NOISE,
[N THC WORST CASE, WILL NOT EXCESD 9997 PWPO

(Tte SUM QF THE COHIRIAUTICNS NOTHED ABOVE AND AN ALLDW-
AiCE F 2500 PWPO FROM ALL GTHER NOISE SOURCES.)

FOGTNOTZ: 1T IS ASSUMED THAT RAIN LGSSES WILL NOT OCCUR SIMULTAMFOUSLY
ON #NTH THE UP LINK AND THE COAM LINK. BASED ON MAXIMGM LNSSES (NOT
EXCCCDED 99% OF THE TIME) OF 1.70 N8 AND 1.00 DB, RESPECT [VELY, THe
PRUGF AM HAS DETSFMINTY THAT PAIN LOSS IN THE UP LINK IS THT MORF WY~
RICCTAL T3 OVERELL QOALITY. (CF COURSE, WHEN RAIN LOSS CCCURS 1h Tur.
O LMK, THIS SAME DINIHMUATICN [N CARRIER PUNER CARRIES DVEG, THROUGH A
RJKQ;»A TRANSPCAUDER, T THE GCWN LINK AS Welle)
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R INK CALCILATIONS FCP LARGE STATIUN-TO-SMALL STATICN CONMECTTONSoO

5P LK%

POWLR AT ANTUNNA [NPUT -12.0 DAY
ANTEfMNA G2IN 49.1 DB
POINTING SRROR AMD ATUMNSPHERIC ABSNCPTIONM 0.% 03
RALN LSS (SES FCOTMUTE), ) le7 DR
PLTH 0SS 200.1 B
SATFLLITE G/T ~2e% B
LOSS FOR RTCHPTION AT 3-D2 fEAM EODGE 3.0 DR
UP-LINK C/T ~-170.7 CB
NOISE J3ANDATIOTH (21,0 KHZ) 43,2 OR
BOLTZHANNYS CONSTANT -228.6 DRW
WP-LTHK C/N ' 14.7 OF

(BASEBSAND NOISE FRDM UP-LINK THERMAL NOISE: 18996 PWPO)

*CARRTER-TD-SATELLITE [MTERMODULATION NOISE RATIO*

C/1 (WITH 6 DB OF 0ITPUT BACKOFF) 17.0 DB
CARKITR ATTENUATIAN OUE TO UP-LINK RAIN LNSS 1.7 C8
C/1 15.3 Dt

(BASEIAND NQLSE FROM [MTEZRMODULATION DISTORTIUM: 16511 PWPO)

*DCWN LINK*

POWER AT ANTENNA [KPUT -15.,7 OBW
EHTSRNA GAIN 28.4 DB
LOSS FORX TRANSMISSIOM AT 3-C8 BEAM EDGE 3.0 DB
PATH LOSS 196.6 0B
RAIN LD3S (SEE FOOTNOTE), 0,0 DR
ATTEMUATICN FROM UP-LINK RAIN LOCSS 1.7 0B
POINTING E£RROR AND ATMOSPHERIC ABSORPTION 0.5 DA -
EARTH=-STATION G/T 13.7 D8
NEGRADATION IN G/T DUE TO DCHWN-LINK RAIN LOSS 0.0 N8
DIWL-LINK C/7 -175.5 NB
NOISE BANDWIDTH (21.0 KHZ) 43,2 0B
BOLTZMANN'S CONSTANT ~228.6 0OBMW
VOAWh=-LINK C/N 9.9 DC
(BASFBAND NOISE FROM DOWN- LINK THERMAL NOISE: 56988 PWPO)
*SYSTEM*®
SYSTFM C/N {COMBINIMNG THE ARCVE RESULTS) ' 7.5 Df
THiZ QUALITY OF THE CHANNEL IS SUCH THAT TOTAL BASEBAND NOISE,
IN THE WORST CASE, WILL NOT EXCEED 99995 PWP(

(THE SUM OF THE COMTRIBUTICNS NOTED ABOVE AND AN ALLOV-
ANCE OF 7500 PWPO FROM ALL CTHER NOISE SOURCES.)

FONTHOTE: IV IS ASSUMED THAT RAIN LOSSES WILL MOT OCCUR SIMJLTANFOUSLY
ON BOTH THx UP LINK AMD THE POWN LINK. BASED OM MAXIMUM LOSSFES (MOT
EXCEEODED 99% OF THE TIME) OF 1.70 DR AMD 1,00 0B, RESPECTIVELY, THE
PROGRAM HAS DETERMINED THAT RAIN L0OSS IN THE UP LIANK IS THF MORE DET-
RIMIMTAL TO OVERALL QUALITY. (OF COURSE, WHEN RAIN LCSS CCCURS IN THE
UP LINKy THIS SAME DIMINUATION IN CARRIER POWER CARPIES OVER, THRCUGH A
LIMEAR TRANSPONDERy TO THE OOWN LINK AS WELL.)
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~--Total systcm cost

e
.
L ]
39
bl ]

1.2
1e74F
lo34F
1.1
1.44°
* 1.13F
1.5°7
”.N“ﬁ-

Teesy

T 25T
QL 24"
T.970
T.91T
7.9
1.167
HT.11F
8.97€
78497
9.01Ff

(w/o auxiliary st'ns)

v

(%]
[+ X-XaXs]
Ny NN

000N
NN N

©
N

01
Cc1
o1
o1
(-3}
02
a1
o1
01
0l

~“~1st loop variable

Ttee

21, -
21le
23.
23.
24
24
2%
25.
27
2%

% =-2nd loop variable

foeded 3 ~-3rd loop variable

x
1.
~.
1.
2a
l-
2a
le
2a
1.
2a

Bo
6.

6.
9.
6o
-
ba
o'
o'
6o

tz --4th loop variable

roorrersed =~5th loop variable

e -
~
L -~
@ T
vt
- &
o o
>N
o
2.
o =
o [
Pl
=
o -
P e
O u
[] i
Voo
9%A AD
10. 19,
1% 2.
1%. 20.
J. 12,
10. 15,
10 20,
%« 15.
%« 20a
8e 12a

--st'n noise temp.

--total sat. segment
cost

SCNST
Q1. 544
85.994
88.994
J4.609
80,585
18,842
15.81¢
75.319
T3.320

--total powef amp .
cost for host st'ns

13,135
15.R67
13.13%
13.135
12.4460
10.088
15.181

-~output pwr/ch for
host-to-host con-

rE

T32.6
N 9,1
277.9
59%.95
247.,0
277.9
187.6
111.2
3319.8

o~ S =
&L O S ot
[~ -
ot o &
~ O v
1] O 1 M
SN QT
3 =
Al BB -}
oo x
= -
O v -~ o
-
<28 0
O e X P
Q0 30
‘s w o Au
) 1
PS GTR
107,11 124,2
8°.2 121.2
89.2 121.2
35.1 123.2
75.1 123.5
$6e3 119.2
56.8 123.2
56.8 123.2
451 122.2

=
(=]
Lol
e
o 0
S O
=
s B =
<8
S
w|
=
=
= ©
St
[ e
Lt od
3
ﬂ £
)
peEa

611.4
424,86
138.9
305%.7
247.0
138.9%
197.6
111.2
305.7

ch for
~to-aux,.

(up-1link)
-~output pwr
dowﬁ-liﬁk é

-~h~to-aux. xpndr gain

.GIRa

109.9
109,%
109.5
112.2
109.5
109,%
111.2
111.2
112.2

PX21*
5.0
5.0
5.0
4.0
420
40
3.0
3.0
w.o

Key parameters of the minimum~cost system configurations that
small-station G/T is veried from its optimum

obtain when the

value, as shown by the asterisk,

x
12.
12,
1.
1l.
12«
10.
1le
16,

9.

L\
be

6.
0'
6.
e
6.
ba
6.
78

MXA
15,
14,
13,
13.
1éa
12.
14,
14,
13.
12.

42

SCrsy

77.25°
77.259
75.819
75.81¢
74.510
75.819
74,510
74.510
74.510
74.510

PCOST
0.8%7
0.588
0.715
Q.62)
0.AS]
0.280
0.607
0.485
0,558
0.442

| 4 4

606.3
137.5
291.0
177.6
“20.2
19.2
143,0
85.9
93.7
88.7

GIR
110.4
110.4
110.2
110.2
107.4
110.%
1€9,5
109.5
111.0
269.2

ofA
3a9.0
75.6
177.8
1080
284.6
11.3
130.3
75.6
108.6
50.4

PSA
33.1
3401
3s5.5
35.5,
32.5
37.9
34.1
34.1
35.%
37.9

GYRA  PX11
115.4 7,0
1l16.2 7.0
1172 6.0
117.2 6.0
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ATTACHMENT XI.5
The Point Reyes Station Tests
The Point Reyes station was designed to work with the Anik II
satellite, the satellite characteristics, ground station characteristics,
and test results are given below,

a, Satellite Characteristics

The following characteristics were obtained from Don Weiss of

Telesat Canada, We were referred to him by Barry Murphy of Telesat, The
information was given in terms of power flux at the satellitc necessary
to saturate the output amplifiers, the saturation output of the amplifiers
times the antenna gain (EIRP), and the gain characteristics of a typical
amplifier, The information is unofficial, i.e, accurate but not legally

binding, and should not be credited to Telesat,

The information given is for Anik IX, the backup sateliite. The
saturation flux at the gsatellite varies with the channel used since
antenna gain is a function of frequency. It is also a function of

position of the siautions in Alaska,

Saturation Flux for Anchorqgg

Channel 1 -81.5 dBW/M2
Channel 5 -83 dBW/M2
Channel 8 -82  dBW/M2
Channel 12 -82  dBW/M°

The saturation flux for the rest of Alaska except the Aleutian
areas is no worse than 3 dB greater than the above figures,
These saturation fluxes will result in an Effective Isotropic Radia-

ted Power (EIRP) in the direction of Anchorage as shown in the following
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table:

Saturated EIRP for Anchorage

Channel 1 33 dBW

Channel 2 34 dBW
Channel 6 34.5 dBW
Channel 7 33 dBW
Channel 11 33.5 dBW
Channel 12 34  dBW

The satellite transponder behavior below saturation is described
by the following table, This information is for a typical channel and

may vary some from channel to channel,

Transponder Characteristics

Input Relative to Output Relative to Gain Relative to
Saturation Level Saturation Level Saturation Gain
0 dB 0 dB 0 dB
-5 dB -1 dB +4 dB
-R dB -2.9 dB +5,1 dB
-10 dB -4,6 an +5,4 dB
~12 dB -6.6 dB +5.4 dB

The Satellite Transponder Gain in dBW/dBW/M2 is found by dividing
(subtracting in dB) the Saturation Flux from the Saturated EIRP for each

transponder. The gain at 5 dB away from saturation is found by adding

5.4 dB to the saturated gain figures,

Satellite Transponder Gain Anchorage

At Saturation ' 5 dB below Saturation
Channel 1 114.5 dBW/dBW/Mg 119,9 dBW/dBW/Mg
Channel 12 116,0 dBW/dBW/M 121.4 dBW/dBW/M
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The Satellite Transponder Gain for ihe rest of Alaska except the

Aleutian areas is no worse than 5 dB less than the above figures,

It should be noted that these figures are for a satellite slew

o

angle of 1,37° West, the satellite pointing being set that far from the
suborbit longitude of the satellite, Better Western-Alaska pérformance
can be obtained with a larger slew angle, This would need to be inves-
tigated relative to Canadian customers on the East Coast and the impact
on satellite operations,

The gain at Atka in the Aleutian Islands is about 3 to 5 dB worse
than the rest of Alaska; however, this information is very approximate,

Negotiations, not yet completed, call for RCA to use transponder

12 and Amsat to use transponder 1.

"b. Ground Station Characteristics

The communications services required between Alaskan medical

centers and health aides in the villages are described belnw:

At each village is a single voice channel transponder, The

« equipment is of the simplex variety (pUSh to talk) and can
monitor other calls through the satellite using the same
satellite frequency, 1Its transmit and receive frequencies
are fixed and can be changed only by a field modification,
Power is from a 2L volt automobile battery recharged
periodically by local electric generators,

At cach medical center is a voice transponder similar in
every way to the village transponders except that it can

be switched by mechanical switch to work on one to four
satellite channels.,

Initially, all stations will use a single 2L-hour/day
simplex channel on Canada's Anik satellite, Routine
traffic from different service areas would be assigned
to diffcrent hours of the day, As requirements exceed
one channel, additional channels would be added with

different service areas being assigned to different
channels,
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Each staticn is to be equipped with an emergency interrupt

function, When the button is pushed a recognizable noise

is to be heard on all receivers tuned to that channel even

if some other station is transmitting at the same time,

When the channel is cleared in response to this signal, an

alarm will ring at the medical center,

Under normal conditions, the circuit is to provide a toll

quality service, TT/N of 4O dB or greater, Under worst

case rain and pointing error the system is to maintain

"intelligibility excellent" (13 to 16 dB SANR),

To meet these requirements, the station consists of a 30 watt
amplifier, a 10 ft, diameter antenna and a preamplifier with a h.5 dB
noise figure, The channelizing equipment uses threshold extension
and compandering to meet the performance requirement under normal condi-~
tions. The station is designed for a fixed transmit frequency at 6 GHz
and receive frequency at L4 GHz., The station's 6 GHz transmit polarization
is linear and parallel to the polarization; the 4 GHz polarization is
linear and parallel to the equator,

The 1link calculations, Table 1, are based on a worst case satellite

N
transponder gain (114.,9 dBW/dBW/M“),

Atka, on the Aleutian Islands offers a special problem, It is so
far off the beam of the satellite that an added 4 to 5 dB loss will be
incurred in a communication between Atka and a station in central Alaska,
Detailed estimates are still to be done, but initial indications are
that Atka could be served with a 15 ft, antenna at an added cost of
$3,000 to $5,000,

For the test, transmit and receive frequencies were set so that the
station operated in a simplex mode (it was set to receive its own trans-

missions through the satellite). A production model would be set for

simplex operation for Alaskan health service uses and duplex for normal
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Table 1

Station Link Calculation

The link performance calculations for an "optimum" station ave

performed below. The calculation uses Transponder 1 for all Alaska
except the Aleutians. £114.9 DBW/DBN/M{]. Two conditions are
estimated, one with no rain loss and station pointing error, the
other with these losses.

LINK PARAMETERS

.

Uplink Frequency. . + + + « « « .
Path Length to Satellite . . . .
Downlink Frequency . . . . . . .
Satellite G/T On-Axis « . . « « . .
Satellite Intermod Relative to EIRP
Satellite Transponder Gain . . .

e e 6 GHz
« o o +41173 km
. 4 GHz
« =7 dB/Deg K

.« . =15 dB

. .114.9 dB/dB/M2

e ® e o o @
- e e o

e = o = o

e & = e »

e o ® & & a

.

e & @ = = =
e & o o

e 2 o e

LINK CALCULATIONS

With Without
Loss Loss
Transmitter Power (30 watts) . +« o« &« ¢ ¢« o« . 14.8 14.8 dB
Station Antenna Diameter . « & ¢« 4 « «+ .+ » o 10 10 fe.
Transmit Gain . « ¢ ¢« ¢ 4 o ¢« ¢ o o o & o . 43,0 43.0 dB
Transmit Line LoSS + v v ¢ ¢ ¢ 4 ¢ o s o« o & 1.5 1.5 dB
Transmit Point Loss .« « « ¢« &« « « + & . ] - dB
Uplink Rain Loss v ¢ v ¢ v v v ¢ ¢ o o o & .1 - dB
Flux at Satellite . . « « 4 + o ¢ + « 5 . .~108.5 -107.0 dB/M2
o 1 & 7% | 74.6 dB
EIRP from Satellite . ¢ ¢ « & o o « o o o & 6.4 7.9 dB
Rain/Atmosphere Loss Down « o + 4 o o« & + . .7 - dB
Recelve Pointing Loss « v o v ¢ o ¢ o o o & .3 - dB
Receive Line Loss o . C e e e e e e .8 .8 dB
Preamplifier Noise (TDA&.SBNF) e o e e o 4 o« 525 525 °K
System Noise Temp., Incl. Rain . . . +« « . . 615 570 °K
"Recedve Gain « « v v v ¢ ¢ ¢ ¢ ¢ 0 o e o s . 39,5 39.5 4B
Receive G/T « . ¢ ¢« v v ¢+ ¢ ¢« v o o« ¢« « « o 11.6 11.8 dB/°K
C/KT DOWn &+ « v o 4 ¢ ¢ o o o oo oo o« . 48,0 50.7 dB/Mz
RF Bandwidth . . o ¢« ¢ ¢ ¢ ¢« ¢ ¢ ¢ o ¢ o« « « 20 20  kHz
C/IMNoise Density . « v ¢« ¢« « ¢« v o« ¢« o« « +» 58 58 dB/Hz
C/kT Total " e 1 e s e 0 8 e & e & 8 e 47;6 50-0 dB/"z
RF Bandwidth C e e e e+ e v s e e e . 20 20 kHz
C/N Ratio in RF Bandwidth T 7.0 dB
Audio Bandw1dth * & e 6 & 1 2 e 8 e ¢ o & » 3-4 304 kHZ
Approximate*Voice/Noise Ratio . . . . . . . 12.3 45 to 50 dB

*Equivalent subjective signal to noise ratio
of a compandered circuit with the above C/kT.
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telephone uses. In the demonstration two push~to-talk microphone

speaker sets were used to carry conversations through the satellite,

¢. Installation

Records were kept of operations that would be needed in normal
field installation, Ground preparation and setting of ground anchors
to hold the wooden mounting beams require approximately one-half day,
Assembly of the antenna and mounting it on the beams required three
hours, (see Fig, 1). Installation of the electronics antenna pointing
and final checkout required less than three hours. Ground preparation
and install:%.on of electronics depend on local conditions and on the
building that will house the equipment,

The antenna was transported to the site in the back of a Volkswagen-

type van, about half filling it. A gasoline-powered post hole digger

was used to set the ground anchors, Only hand tools were used to assemble

the antenna.

d. Performance

The link calculations (Table 1) were confirmed within approxi-
mately 1/2 dB on the uplink and 1 dB on the downlink by the end of the
tests, During the check out periods several deviations from specifica-
tions were identified and corrected. These are discussed below in the
section "Test Deviations,"

At the nominal 1link performance levels, signal-to-noise measurements
were made and.tapes obtained through the sa%%ilite. The system uses com-~
pandoring, a technique to optimize link characteristics for the human
voice and ear, The subjective performance of the link was equivalent

to a test-tone-to-noise ratio of 45 to 50 dB, i.,e,, toll telephone
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Figure 1 (b)
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Figure 1 (d)
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quality, Copies of the audio test tapes are available upon request,

- : To test data transmiesion, a punched tape was made on a model 33.
ASR teletype and played through the tape reader to a Prentice P102-0rig
modem. The modem was recorded on a Sony TC-L4O cassette recorder, The
cassette was taken to Point Reyes and played through the satellite chan-
nel during the tests, The received signals were recorded on another
cassette which was played back through Prentice P103-Ans modem to vhe
same teletype that ;as used to make the test tape, Thus, two small
cassette tape recorders were intermediate steps for the signals, The
audio level fed to the recorder in making the test tape and the level
fed to the answer modem were checked and adjusted to be normal for the

equipment, The TTY speed was 10 characters per second--11C band nominal,

The copy--24 lines, 1772 characters-=-was error free, See Table 2,

‘e. Test Deviations

For the Point Reyes, California station the Anik II satellite
has performance characteristics equivalent to those for Anchorage, Alaska,
This is about 5 dB better o§era11 performance than the station will meet
on the west coast of Alaska. For this reason and because of the very
tight time constraints (from go ahead to demonstration was less than two
months), manufacturers were allowed to deviate from nominal performuance
specifications if they could clearly identify the deviation and the
ability to rectify the situation in production uints, There were three
instances of such deviations and four other deviations that were correc-

ted during the course of the tests. The three uncorrected deviations

were;
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& Table 2
&
Anik TTY Test March 4,
- Setup: Original Antenna
" C/N: 8.4 db

1974

Received copy:

STANFOD MMNIVEDSITY TELETYPE TEST TAPE TrANSILISSION

TAZ ONICK TN FOX JNIPED QUER THE LAZY DOGS BACK 1234587%90
THE 2ICA 1) FOR d”ﬂPTC OJZR THW LAZY DOGS ULBACA 1234567394
T CHLCE L OMY FO4 J'MIPED OVER THE LAZY DOGS BACK 1234547499

THI FUECK et FOX d’ﬂiTW:D ouE?
i YeET o e o LA CTEY S
TECOTG o A00Y TCeny
ANFOID H s TY

TAR LNAZY BOCS BACK 12245473094
PET SHECONEN=<~0"IGINATE TOIE
VURCCTUDEY (CASSETTE)

TELETYPE.TEST TAPE TRANSIHIEGION

THE ONIC. Diair] FOX JUREn QURT THE LAZY DOGS PACK 12344A7704
TR T T PINES QUETY Ty LalY DR R 193ARAT7,
TITUUULL R T gt Tl Lad s rans el L 1802807
LT DT T T T LA LT T AL e R

TATRT D TVITETSITY TELETYPE TEST TAPE TTANRIIZSION

CUICK ) JUNMPER THE 567590

Tz v RON ovEr LAZY DOGS BACK 1234
TAZ MIICK 07 FOX JUMPED OVED THE LAZY [COGS BACK 1234557395
THE OVPICK w0 FQX JUHPED OVER THE LAZY DOGS BACK 1234557399

THT QUICK 0%y FOX JUMPED OVER FiHo
ANIX TEST TAPE 1% CHATACTERZ
CRCONDED 27 20N TC-4)
STANCOUR UCHUERSLTY

LALY 0535 BACK
PZ™ CECOND-=-0NICINATE
PTCOTDEY (CASRETTE)

TELRTYP® TEST TAPE TRANSIIICCInN

1234547599
TONE

A

THE QUICK © %71 20 J'MMPED OVER THE LA?Y FACS DACK 1234567797
TAE GUICK 7™ ront JUNFED OVER TR LAZY [OGS BACK 1274847792
THE NUICvov) FOXJURERT TR THE LALY DOGS TACK 1224567394
TUZ 7UECGK 0 KOl JUHTUR OMER TE LAZY DOGS 1234547597

BACK

STANFOTD
STAWFO"D
STANFO: T
STANKCYD

ETANFO
fTAEGUD

Sy g veem e

STANFO™D
STAMFI™D
STANFO™I -
STANFO™D

“TANFOTD
STARFQ"D
STALFH
t“'rr JFA"*
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(1) In the audio portion of the station, some energy from the
internal power regulator leaked through the circuitry,
‘giving a test tone to quieted noise ratio of about L3 dB,
rather than 55 to 60, This "hum" source is easy to
eliminate in production,

(2) The receive artenna gain is about 1 dB lower than specification
because of connector and line losses incurred in the feed
design used to meet the needs on such ghort notice; the
receive feed is taken from the antenna focus rather than at
the base of the waveguide feed as 18 common in production

units. These losses would not be incurred with production
feeds,

(3) Some losses (less than 1 dB) are incurred in the cabling
and connectors used to connect antenna to antenna-mounted
preamplifier, These losses would be minimized by elimina-

tion of unnecessary cable lengths and connector interfaces
in production models,

The four deviations corrected during the tests were:

(1) The TWTA, power amplifier, being rented for the test had some
intermittent problems and was returned o the factory for
repair, For a week, an amplifier with one-half the power

rating was used as a substitute until the higher power unit
was returned,

(2) 1In the earliest tests, a receiver filter was not sufficiently
narrow to reject image noise, decreasing receiver sensitivity
by 3 dB. This was rectified by the second day of tests,

(3) During the teletype demonstration several runs used signal
levels that over drove the modulator causing distortion

and resulting in errors. This was corrected by using proper
drive levels,

(4) The antenna used during most of the tests had an assembly
intolerance that caused approximately 3 dB loss uplink and
2 dB loss downlink. The error was apparently due to the
rush of the tests and would have been detected and corrected
under normal production schedules, The antenna was replaced
by the manufacturer by the end of the tests and the nominal
performance obtained with the new unit,

During the demonstration to government and industry representatives
on February 23, the first antenna was being used, thus _simulating link

performance under conditions equivalent to Alaskan west coast stations,
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f, Adjacent Satellite Interference

There has been concern about the potential of small earth sta-
tions‘such as the Point Reyes station interfering with satellites parked
in orbit near the position of the satellite being used by the station,

To guard against this possibility, the Federal Communications Commission
has established antenna performance regulacions restricting the gain in
directions toward adjacent satellites, They have also set 1imits to gain
in directions that can interfere with other ground systems using the

same frequencies,

Range measurements were made by the antenna manufacturer prior to
and subsequent to delivery of the system., The antenna pattern does
conform to the FCC regulations for protection of adjacent satellites
(See Fig. 2), It does not meet the requirements for protection
of nearby ground systems., We are informed that the '"high perfdrmance"
antenna from the same manufacturer, costing about $2,000 more, would
meet ground system protection specifications, However, the FCC does pro-
vide for local coordination with other ground systems as an alternative
to this requirement, and we recommend that this alternative be
pursued,

In the Point Reyes tests, measurements of antenna position and
satellite received power are not as precise as can be obtained on a test
range, However, it was possible to demonstrate protection of adjacent
satellite systems. The 10 ft, antenna was pointed at different angles
from the satellite and the signal from the satellite monitored on the

spectrum analyzer at the 30 ft. RCA ground station also located at
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Point Reyes. This station has a nominal G/T of about 3L dB.
With the 10 ft. antenna pointed from 1° to 2° off of the satellite, the
signal had dropped about 11 to 12.dB below its highest level, With the
antenna from 2° to 3° off the satellite, the signal was not visible
above the system noise on the RCA analyzer, even with the 10 kHz bandwidth
filter. The 10 ft, antenna was pointed to 4° and 5° from the satellite,
but the signal was gone,

It was obvious that the 10 ft,., antenna transmitting-to a satellite

5° away from Anik II would have been completely undetectable in a system

using Anik II.

€. Manufacturers

Our main contractors for the experiments were California Micro-
wave, Inc, for'the electronics and Westinghouse Corporation for the
antenna system, The channel equipment was built by California Microwave,
the preamplifier by Watkins Johnson, and the laboratory TWTA by Singer
The antenna was built by Prodelin, Inc, “7

RCA Globcom furnished the satellite time and allowed use of the

Point Reyes site at no charge.

h, Attachments

1. April 30, 197L4 letter from Prodelin

2, Station license application
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, Prodelin Inc.
MW radelin Inc

HIGHTSTOWN. NEW JERSEY ¢ 08520

—_ AREA CODE 609:448°2800
TELEX 843494

April 30, 1974

Mr. Mike Sykes

Room 225, Durand Building
Stanford Electronics Lab
Stanford, Cplifornia 94305

Dear Mike:

Enclosed are the radiation limit patterns for the antenna
system that we provided for the Point Reyes experiment. I
am sorry for the delay but our engineering department wanted
more time to re-test the unit after its return.

I emphasize that these are tentative limits based on only one
feed system, however, they do indicate the type patterns that
would be expected from a production antenna. It is anticipated
that a similar antenna, but one conforming to the present FCC
specifications, would cost from 80 to 100 percent more.

If I may be of further assistance, please feel free to call,
Very truly yours

ek

Paul Caffrey
Systems Engineer

PC:qgl
enclosure

DESIGNERS / MANUFACTURERS OF ANTENNA AND TRANSMISSION LINE SYSTEMS
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FOCC Fosn A4
Qciober 1970

Form Approved
Hudget fiurssu No, £2.R043.16

Federal Communlicatlions Commisslon
APPPLICATION 'OR NEWOR MODIFIED RADID STATION
CONSTRLCTION PERMIT UNDUER PART 5 OF FCC RULES

File No, (111}

THE BOARD OF

INSTRUCTIONS

1. Submlt In duplicnte direct to the Fedecal Ccmmunlcnllons Commis.
. slon, Washington, D.C. 20354,

2. Before this apylicution 1s prepored nppllcant should refer to the
applicuble pint vr parts of the Rules nnd Reguletlons of the Con-
misslon, coples ¢f which muy be obtnined from the Qx\pcrinlcudcm
of Decunmenta, Goverament Prinling Office, Wushingten, D.C. 20402
B, If & corporativn, state corporate nutie; If 8 puctaership. state names|
of all pastners wnid the name under which the partnership does busi-
ness; lf an wnincerporeted axaociation, state the nine ¢f an execu-
tive ol’(lcer e 2ffice held by him, and the name of the vesociation
If this application Involves @ station that (s now authorized, the

rent authorization.
M. No  fees requiced with this applicallon.

Name of gpplleant (Sce lnatruction 3)
TRUSTE lu or THe
LETAND STANI'ORD JUNIOR UNIVERSITY

4. Purpose of this agplicatian (Sce Instruction ))

pame hercin shown must correspand exactly wlth that shown on cur-y

-

. 1s the apphieant {Choex one) )
Parincrehip l l

mdividuat [ ]
Assoctation ]::] Corparation .

Addregs

N]“(jgm ncina Hall -
Stanford, California, 94305

5. Classof statlon Fixed, earth
b. Nature of .,...ﬁ.xpemmenLaT—(‘reseach)

¢. New stallon Ba ~ o .

4. Changes In uminc

stalion (File No. Caill )
Ut TUnT TICeRsey e

¢. Modification of \:ud con-
struction peramit (Fale No. Call )

(nf construcllo_in nit)

(U applicant §s a parincrshipehow the folloslug Information for tach member of
¥s applicant a eitizen of b
| United Slal(:s?

_(he parinerslip)
Yes D No U
|_If citizen

If ci ip is elairied by reason of hirth, slate

[~ Dat ol burth Place of blrh

if (d) or (e) have been checked, ndicate nature of proposed construciion

I, Replace transmitter D D
0 0
D . (00\" c':\::f::shcrt) [’J

4. Change tocation
2. Add. transmitter $. Change antenna

3. Intrease power

b

Y citizanship s elaisny 1 3 by reason of ituratizatinn

Date and place of birth Date and place of issuance of final
certilicale of naturalization

e T T

“Vhat 4 amilcln\‘s llrlnurll Lauintsy 7
Education and resea

D R TN AT, R T LY {

rch

5. M applicantds aearparalig

Cerltficate nunher Covrt authorising Issuance of

ccriificate

1 CAllltn‘\'up i cl "mLJ by 1eason nnunhz:hon ol a parent

Age of applicant whea certilicate waa
Issued

Naune of paiant

flate and place uf Lirth Dats and place of issuarce of hnat

certificate of mteralizaticn

Is applicant directly or Lndirectiy ¢ontrolled by
aay othey corparation’s If “Yes', give name and
address of such controlling cnrporation

Yes 7] Yo {x

l.}m!er.hws of what State or
eountry is corporation ol ganized?

.

hme

——

Cr.rlb’w’“c nui I.»( r Court authoriting Issuvance of
2. s applicant a taparoentativa of

certrficute
ke [X]
an alicn ot of & forei, gsrernin en?

Yes D
e e e i e e

Y. Wapytieart tx a cotperation, tncluding municipad enrporation

[T
ll Trter laws of whiod ‘«':\h or country
Is 3t organiwed?

Calitornia

Vrhere {s apphicart' s prinzipal office?

Stanford, Calif,

15 e dan one - fy f"l n' vapital slnck :-wnud ol recard
or may if Lo voled by 2hins oF their Feproantalives
ur by a fordign oserarient or repressotative Aereof,
or by any o 1 ation urpardzed under the laws of a
feredgs cuanlty?

Yes {] No L]
N/A

| e

1s mnace than ons-fous th of tal stock of such corpurution
owncd of record or tany it Le voizd by aliens, thtir te-
presunrtatives, or by a fareinn gosernmind or 1eivcsentative
thereof, or by any corparation organized voades i Jav's

of a foreign country?

Y\‘SD T i

ts any director or ofiicer ar Aiea?
U "Yes”, stale pame and position of evach

e[ W 'L"J

Is the above-desceribed (unll"”in‘, corparalion
fn turpoa eubnidipry? U Uyest, attach
adddional sheets answeriry Parasraph 8, o
clusive, for rack company to and inchuding Lhe
organization having final 1auntrol.

eIl

- —

6. U applleation 15 ruade 1 behall of 2o vrineorporited asuaciation

PRI

~ s any director or olftor an atirn?
M Yes™, g1ale pase and postticn of each

W] o

b et e e e e e s s 0 e e -

Purpone of the anxoeizlion Numaher of nen s

- ——— i 4t

Slate nuniter of allen pieprihean (13 #ny)

v

r

Sate mones ant rres vl all tlekbdices aur g aud, o m(m,( It pereent
of 110te of apphi it staek aipd pe reeatae Letd Ly cach

having no shares ol stock or stock-

Im].d(m.) .

\) a8 e s bt @ —

RIC

N/ZN - Applicant is a nonprotfit trust

Aruitoxt provided by Eic:

I3 eny direcior or ctficet »n 2len?
M "Yes", stale name ard prsitizu of cach

Yrs LJ No L}

fAttach eopy of the AtUrles of Anmocinllon or bylaws., ¢crtfied by 2 2
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¥YCC Form 440

Page §

atomatically holding he frogueacy vithia o allowed frequency

2 o

wlerance? A11 frequencics derived hy
phase~locking to 5 Mz reference,

b, Withln how mrany eycles or within whst percentage of the assigned

. &, Whatappatalus (8 inciuded llr—l—nilnlcgrll prrt ol ho transaaliter fop 19. Wil the antonna ¢xtend ouure than 20 foel a%uve the ground or patural

formatson, or if mountrd vhon an existing man-made structure, wiil it
extend more than 20 feet sbovo guch structure?

Yen [:] No [;‘]

to hold. the operating frequency?

frequeacy {8 Uus apparatuy designed of gupranteed %) Lhe maaufqcturer | 20.

If e answer to the ahave question Is “Yes”, glve the followiny (B
FOOTNOTE DBELOW): .

- e
~ Overalt helphl sbove ground to Lip
1 x 10 ~ parts per day of ntenna N/A r
15, What provislon will b made for measuremenl and perlodic ehecking of Distance 10 rearesl airczaft lacding area N/A n
the sation lrequency? Megsurement prior to each Elcvation of ground, &l antenna sile, above mean N/A
se3 level n.

test session with microwave frequency
 counter

16, Eslimaled cosl 10 eslablizh proposed faciiities

List any n:turil}orma‘ions or existing man.made slructures (hills, trecs,
waler (anks, {owers, cle.j which, in the opinfon of the applicant, would tend

11, Proposed logation of tounSaiitter
Fixed Moblle
(x]

1. Transmitler {ready lor service) .+ $ 2 000 ;:g:&;l:l:,l‘hhee :r;t!ir:&al'hom alreralt and thoredy milnimize the acronaut,~al
Other Stems {state the nature and '
smount ap;licable to eachd o [ 3 H 000
Antenna 1,500 ' : N/A
Integration and testing 1,500
TAL ESTIMATED COST s > -
o A 15 ,000 21.\ Is the Lransmitter to be operated with licensed Yes D No [;]
operafor on duty 8t a remoste control point anly?

I "Yes”, the following iformation must be lurnished.
I licensed operator 1s to br on duly i the transmitlor,
data required by this item wmay be onilited.)

B. U perimanenuy Jocated al & fixed location give L. Locatin of remote coatrol point ﬁ
Sate T County (1 more than one remote control point is tnvolved, altach suplementary
sheel glving location of cach remate conlrod riint, plan of omration,
California Marin cte:) ]
City or town Street and sumbder State County
Point Reyes N/A * N/A N/A
North lalitude West longitude . . ' City ur town Street and number
[ s “ . " .
38° 0545 122 °56' 45 N/A N/A

b. Il moblle specily the exact area of operation,

—— ey

/
b. Vhat 1s the airline distance between teansmitlar Jocation and remote

control point?
N/A

N/A

€. By vhat means will (he transniitler be rendered lnaceeesible 1o
unavthorized persons?

N/A

-

d. Can transmitter be plzced tn an [noperalive \’c:E] Nol l
condition fror 1he rente contiol point?

N/A

18. Cive commerela) or Covernmert RECE IV ING siation antenra rystems
known to te located within X iuiles of propused location of transoitter.

Co-located with ICA Point Reyes satel-
lite and HF radio site. Sce FCC File
55DSE~P-71 for complete description of
RCA site and surrounding area, ;

- —

e, Dercurbe Lelow the egaipaient to be uted to € rahie the operatar at the
remote tontrol prunt . doloratihe whin there as a deviation fron) the
1era:s of the afativn Licvnne ur when eperation is not in actotdarce wot
the Commission's reles peverning the clase of station fnvelved.

H
t
i

N/A

FOOTROTI

1op ol an exinting men-made situcture and does nol increase thye
filed, or

feet of distance, or Trachion thereof, from Lhe

-

palr of aircraft, ne far recrdving or discharging passehgers or cargy,

T .. -

YCC Form 401-A, 358 required exhibits, ghall be submiiled In tripiicate with this 2pp'icating sa all €ases when:

{1) The anlenna strictures proposed (o be «rected will excecd an aver-1]1 he inht of 170 fect abore ground level, cxcept that where the antennz §s modated o
over-all height of xuch man-made siructare hy more than 26 fuct, na Farny $01-A rewd Ie

{3) The antcana structures proposced (o te ccected witl caceod an over-all heighl of [tk alove t'he estadblished aiepart {landing apea}® elevallon for cach

nearest boundiry of such landing arca, exvept that wheee the a3tenna does not exceed 20 foel ahind ke foone s
or i the antenat is nonnted vn 1opof an existiag man-made rroclure 2 natural Firtaation and dous not tncrvase the ovir-alg height o ych fan-nad
slrecture or »aturad farmalion by more than 20 foel, no Form 401-A need be Giled.

* Landiag area, ss delined n Part 17 of the Cominissjon’s Rules: “landing Area' mieans any locabitgy vither of band gp waler, including 2o porls and Intvemediats
tanding ficlds, which {s vned, or 3prored fur ute, tor the fanding and take-ull of alreratt, wheiher of not facilitees. are provided for the shilct, servicrg, of 16.

—— TSI W =2

1
.

e

e



A-189

KNy e 450

s Rrandades B Do

GRS

Y. D appliteant dievetly or (ndirectly, thiotgh atock ven I
ownrrahly, rortrael, op atherwine, Introsied in

tha ewnarthip op canteal of any o'her padin sallonn?

NoD

B, State ﬂ;';\llcu::l'l refntion to Fr-mnued atution (i applicant Lle to-l:-'
nolther owner or levkes, 88320 noture of appllcant’s interest Inuny
and control of stuition)

Applictant will own and operate station in
partial fulfillment of U.S, Government
contract NYH 71-4718 with the National
Institute of llcalth, Portions of the sta-
tion equipment are being loaned to the
applicant by Westinghouse Electric Cor-
poration and California Microwave, Inc,,
for the duration of the experimental
period,

e - e -
0. Biste fully the Lorte phowing applicant's (inanct sl adility (o eona'ruct sed
opernle this pinting,

Station wil) be constructed and operated
with funds previded by U,S, Government
contract NIIf 71-4718 with the National
Institute of llealth,

(M not cuner, altach ¢2y of agreement showing applicant's Inlerest fn
__slation)
Lr applicant is not tr te owner of station, who Is?

10, Has e applicant, or any erson dircctly or

Yes No .
Indirectly controlling the spplicant, been D
Inally adjuéged guilly by any Yederal court of uniawfully
monopolizing, of sttempting unlawinlly to monopolize radio
communicdtion, directly or tadirectly, through controt of
parwfacture or sale of radio apparatus, exzlusive traftic
arrangenient, or any other means, or of vafair wnel.ody

Will 2pphicant have abzolute control of statiun, Yes [ ¢
botl 45 0 physical operation and service eondacted?
i "No™, attach copy of any contract which may in any wag
affect apglicant's right to do so.

No D

Is applicant direcity or ndtrectly enpaged in
the business of transuilling and/or receiving
for hire messages of any cable, wire-telegraph,
or lelephone lines or eystems?

of conpetition?
Yrs D o E(J

12. Frequeacy roquested and pasticulars of upeeation of the proposed station —
Modulating
Frequencles Hours Power Emfzssion fiequency Poinis of
cycles communication
O] ] (2) (3) ) (5)
6320.00 Mz Unlimited | 800 kW_ | 27F3 _ _ 13400 lz SeguRemarks“__m___‘m"_ﬂ_+
[ IO [N SN P TIPS, S UNR — e e

ndicale as unlinited, day enly, continunus, ete, (Thie
o Bftective radiated power. Spectfy whether watts o kKitowwotls,
» Lirt ench tipe of ernnsion teparately fo: each fregueney. I pulse
« Give maximuinedulating frecuctey ewnployed in nogunal operition o

REMARKS:

Station will be used for loop-through test
:site at loint Reyes, California through th
satellite owned by Telesal Canada and back

1
2
3
1
5

+ List feequencics scparotely, indicnting shether kileryetles or magacyceles.,
1 item refern to intendod hours of ure
M pulse cinizslen specily poais power.

ef the speeific frequeney.)

rorisuion specily palse Ju atbon and pulse repetition ynte.
prosite type of emission involved,

s {rom the RCA satellite comnunications
¢ RCA leascd transponder on the Anik II
to the RCA sitc at Point Reyes,

Cavity-tined nsceillator phasc
locked to O WMz standmrd wit)
1 x ]U“"p:n't.‘:/(lny stubiliLy

wo _Lxlibit 1

rodu)ator is

Q

——— -

Frequency modulation with L 10

Rated
Kz peak test-tone deviation Cospert e
hoted
a voltase nnntrn]]-dg“hp'

— — — - e
[R,HjﬁuyﬂﬂjwaummLmaﬁmiwﬂm:uzkﬁﬂn“d . -
Llate nomdwer of tranatier s Mase : Typn or Mie! ¢ bio,
S See Ixbibit 1 . Sce k:lvibit )
Ispeol oncil o edrculil ) ) Type ar cl.a.:s c:f. r.-.ud\let;on“ Plate p-l?r";x;pu h;.l:! 1acio stay -

Secce Exhibit 1

———— e o —ree

ERIC

Aruitoxt provided by Eic:

wudiivitaidor phase-zlocked .. T e

to § Mz standard,
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fulfillment of U.S, Government contract
NIH 71-4718 with the National Institute Exhibit 2 -- Medical communication
of Health, The operation of this sta- in Alaska by satellite

tion is intended to confirm performance
of transportable satellite communication
terminals that can supply two-way voice
communications to remote Alaskan villages
Experiments using the ATS-1 satellite
showved that coffcctive communications can
greatly improve health care in these
villages, Sce Exhibit 2,

TCC Form 440 T Paged -
32, Location of recelving equipment assoclated with this station 24. Supplementary statements a8 requised for tho porticuler closs of
statlon applied for are sitached and identitied as Exhiblt(e):
Btate County , Station will be constyvucted and operated
California Marin , under U,S, Government contract, thereby
City or 1own Street and Aumber fulfilling requirements of section 5,57
int “HSTARY OXRIBTIS referred (0 Rerein and Th3$¢ Atlachvd et ela, descrited and ™~
POIHt Reyes None Identitied 8= fotlaws, are certifiad 1o be true snd correct. (List here ail
North latitude . . West longitude . ' exhibits stuched to the application)
©
38 05 45 122 56 45
3. Give dclinite facts why the operalion of the statinn will be in the pubtic
convenlence, interest, or pecessity. Exhibit 1 -- Descriptiou of
Operation of this station is in partial station

CERTIFICATION

The applicant waives any claim to the use of any particulnt frequency ot of the ether os against the tegulatory powcet
of the United States because of the previous use of the

permit in accnrdance with this npglic.\tion The undetsigned heteby certifies that the statements in this application are
teue, complete and correct to the best of his (lier) knowledge and belicl, and are mrade in good faith

; L
Signed and dated tbis..l_g.gb_ day of January y 19 4

Nanc of Applicans THE_BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR UNTVERSI%Y

(must coftespond with name given on page D)

TS R Lo,
By Robert R. Augsburger 47!;E/ . EQE?{LQZ;EA!

(p1inD) (signature)
rie  Vice President for Business and I'inance

(designate appropriate classification below)

( |IND|VIDLI AL APPLICANTY

WALFUR FALSE STATEWERTS I'ATE €1 104S 40N ARE ' :ﬁ’: ln cEc'L.oorr ‘:r’anL' lc c‘l::'r pc‘;t';:fnn:: ||op N
PUSSHATLE BY FILE JED L 0 18050EN, OH ASSGCIATION
U. . COOE, WNLE 18, SECTICH 1201, {ClorrctaL or GoOvERNMENTAL ENTITY

COMPETENT UNDER THE JURISPC T(ON
YO 5IGN FOR THE APPLICANTY
Cl avutnariveo tMpLoyee

same whether by license ot othernise, and tequests a consttaction

§

Q - . Fi€C.C: * WASHINGTON, D. C.

RIC

Aruitoxt provided by Eic:
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EXHIBIT 1

Description of Station

1,0 SYSTEM PERFORMANCE GOALS FOR HEALTH APPLICATIONS

Following are the technical specifications for a system ;hat can supply
health communications between Alaskan medical centers and health aides lo- .
cated in remote villages, Characteristics of the services are as follows:

~ At each village is a single voice channel transponder., The
equipment is of the simplex variety (push to talk) and can
monitor other calls through the satellite using the same
satellite frequency, Its transmit and receive frequencies
are fixed and can be changed only by a-field modification,
Powver is from a 24 volt automobile battery recharged periodi-
cally by local electric generators,

- At each medical center is a voice transponder similar in every
way to the village -transponders except that it can be switched
by mechanical switch to work on one to four satellite channels,

-~ Initially, all stations will use a single 24-hr/day simplex
channel on Canada's Anik satellite, Routine traffic from
difforent service arcas would be assigned to different hours
of the day, As requirements excecd one channcl, additional
channels would be added with different scrvice arcas being
assigned to different channels,

-~ The system is to maintain voice communications with "intelligibility
excellent' (13 to 16 dB SNR) with communications rain losses and
station antenna pointing errors described below., Under normal
conditions without these losses it should provide "quality good to
excellent" (20 to 25 dB SNR),

2,0 ANIK CHARACTLRISTICS

Alaska is off to one side of the satellite beam, DBecausc of this the
satcllite performance is worse than its nominal design characteristics for
Alaska, This degradation 3s dependent on how far west in Alaska the station
is, It is also depcndent on which transponder in the satellito is used,

The satellite's performance is described below in terms of its transponder
gain [nnw/vuw/mz] which describes tﬁe Effcctive Radiated Power, Elp, in

DRY that resultls fron a given signal éower density [an/Mz] arriving at the
satellite, ‘I'he Lransponder gains are given for thie transmititer backed off

at Jeast O dB3 from saturation, the condition typical of voice eircuit opera-~

[ERJ!:‘tion. Mintwm gain g given for Anchorapge and points cust and for all

IToxt Provided by ERI
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Alaska cexcept for the Alecutian Chain, The gain is also given for Transponder
I and for Transponder 12, The’satellite being described is Anik ¥I, lo-
cated in equatorial orbit at 109° W,

TABLE 1

Anik I Transponder Gains in the Direction of Alaska

(msw/nnw/mz]
Ancliorage and East Alaska except Aleutians
Transponder I . 119,9 114,9 .
Transponder 12 121.4 , 116.4
\

It should be noted that il appears to be technically possiblie to point
the satellite beams slightly more westward without cffecting services to
Canadian users on the East Coast. This would cover all of Alaska except

the Aleutians with {he gain quoted above for Anchorage and Easti,
3.0 STATION PERFORMANCE WITH ANIK SATELLITE

The link performance calculations for an 'optimum' station are per-
formed below, The calculation uses Transponder 1 for all Alaska except
the Aleutians, [114,9 DBW/DBW/MZ]. Two conditions are estimated, one
with no rain loss and statlion pointing error, and the other with these

lossoew,
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TABLE II

LYINK PARAMETERS

UP=LAnk Frequencys o o o o o o 0 o o ¢ o 0 o o 0 0 0 o o o 6.Gliz
Path Length 0 Sateldite o 4 4 o o o 6 o0 o o 0 o 5 o o o 51173 km
Down=Link FreqUeNCYe 4 4 4 4 o o o o o o o o o ¢ o o o o o o 4 Gilz
SRECIIItC G/T ON=AXLS. 4 4 v o ¢ ¢ o 's o 0 o o o s o o o e o =T dB/Degg X
Satollite Intermod Relative t0 EIRP. o 4 4 4 o o o o o o o o ~15 dB
Satellite Transponder Gaif 4 o 4 o o 4 o 0 o 0 0 o o o o o 0 114.9 dB/dB/M®
LINK CALCULATIONS

¥ith Without

Loss Loss
Transmitter Power (30 wai:ts) ¢ 0 0 0 0 0 0 ¢ s 0 e o 11‘08 11‘.8 dB
Station Antenma Diameter o 4 o ¢ o 4 v 0 o o ¢ 0 o o - 10 , 10 ft,
Transmit Gain, P 0 e ¢ o 4 o .o ¢ 0 o 0 0 0 ¢ s ¢ & )}3-0 1‘3-0 dB
Transnit Linc Loss , , L I I T N 2 T S T R 1.5 105 aB
Transmit Point LOSS  w w 4 4 4 o o o ¢ o ¢ o ¢ 0 o o 5 - an
Up~T.ink Rain Loss, , , . L I I L R I T T R 1 - dp
Flux at Satellite, 4 4 4 4 4 6 o o0 ¢ 0 o 4o 0 o 4 » =108,5 ~107,0 dB
C/kTUP..o..-..oo.oo e 0 o 0 o ¢ o o o 7301 7!&.6(13
EIRP from Satcllite, , ., . o ¢ o 0 o 0 8 0 ¢ s 0 s 0 6.’4 e v 0 709 dB
Rain/Atmosphere LOSS DOWNy 4 v o o s o o s 0 o o o o T o ¢ ¢ =~ 4B
Receive l’ointin[;‘ l.oss, ¢ s e e 0 0 0 0 o I S 03 Lo e 0 - dB
Receive Line L.oss, . " s e o o.o ¢ 0 0 ¢ 0 4 0 4 o 08 ¢« o 0 18 as
Preanplificr Noise (TDANLSABNI). & 4 W v o v v o o o 525 . o 525 9K
System Noise Temp,, Incl, Rain , o o 4, s v o, &+ +» 615 . o570 %
Receive GRIN 4 4 4 6 0 4 6 4 o060 0 0 0 ¢ o o o o o 395 ¢ « « 39.5 4B o
Receive G/T. ¢ 0 & et 0 0 s & 0 0 0 0 ¢ ¢ o ¢ o o 11.6 o v 0 11‘8 dB/K
C/kTDOWn........100100100000'0‘0 h8.0'

e « 50,77 dB/llz

Rl"BandwidUl...‘.-.‘..-...-......r 20 o_.cop.o Kilz
C/1M EOiSO Density ., . . , € 0 0 0 0 0 0 s s e e @ 58 ' o 58 an/nz

C/KT Total , , . o ¢ 0 0 0 0 e 0 s 0 e e, 0.0 o @ ll'{a6 ¢ 0 50-0 dn/liz
R Bandwidth , , ¢ ¢ 0 e 6 e s e s e e ¢ ¢ ¢ 4 e 0 20 e o ¢ 20 kilz
C/K Rat3o in RF Bandwidth, & 4 v 4 ¢ o 4 o 0 o o o o 4,6 .+ ¢ . 7.0 dB
Audio Bandwidth, ¢ 0 0 1 e e s e e e e e e e o 0 o 0 ,’)-)‘ ¢ o o 3-)‘ k=
Weighted Test Tone Lo Noise Ratio, o o o o o o o o « 22:3 ¢ ¢ o 24,7 4B
Approximate' Voice/Nodse Ralioe w 4 4 4 o o o o % & o 12,3 .+ . .)8,7 dB

t oot
Depends on specific characteristics of receiver
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4.0 SYSTEM DESCRIPTION

The system is shown in its overall form in attached Figure 1, In-
coming voice is u§cd to modulate an FM carricr which is trauslated to the
appropriate transﬁit frequency, The FM carrier is then amplified and applied
to the antenna for transmission to thé satellite in the 5,925 to 6.425 Gz
band, In the receive direction the translated carrier (in the 3.7 to 4,2
GHz band) is received by the antenna, low noise amplified, downconverted,
and passed’'to the receive FM channel equipment, The outpu! of the thresh-
old cxtension detector is the receive voice for connection to other termi-
nal equipment (signaling equipment, echo suppressors, 2w/4w hybrids, etc,).

The common equipment includes a highly-stable reference oscillator, a
transmiit system pilot generator (which will not be used initially), a trans-
mit summing network, a reccive AFC pilot detector (also optional), a re-
ceive distribution amplifier, an IF-to-RF upconverter, and an RF-to~IF
downconverter, )

In the trahsmit direction the incoming voice line includes protection
against excessive voltages, After amplification and low-pass filtering
the voice signal is processed by a volume compressor and a speciai circuit
to prevent cxcessive deviation, The voice signal is then applied to a
low-noise ¥M modulator. The output of the modulator is appliecd to a mixer
for conversion to the output IF., The output frequency is controlled by a
VCO whose frequency is programmable to permit rapid frequency assignment
when a demand access system is used, The actual transmit frequency is
refcrenced to thé station standard, The output of the transmit channel
equinment is turned on by voice actuation, when desired, or it may be left
on continually,

The receive part of the channel unit is downconverted twice, the first
conversion tao 10,7 MHz and the second to 455 kiiz, The reccive channel fre-
quency is controlled by the VCO used with the {irst convefsion. This vCO

“is a part of a programmable freauency synthesizer to permit rapid frequency
assignment when a demand access system is used, The synthesizer is refor-
enced to the highly stable station standard, The 4565 kﬁz detcctor uses a
phasc-lock demodulator for threshold oxtension, A delay linc between the
output of the dctector and the voice equipment assures that the phase-lock
detector hasg achicved synchronization with the incoming carrier before its

output i1s connected to the voice {requency output line, The slgnal is then

@ DProcesscd by a click eliminator and the expandor part of the compandor,

ERIC

IToxt Provided by ERI
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Emphasis 1s used to glve output noise which is essentially flat with
frequency. This gives an improvement of several decibels in system signal-
to-noise ratio over that obtainable without the emphasis, The emphasis is
6 dB per octave to effectively obtain phase rather than frequency modulation,
The signal-to-noise improvement obtained is discussed in more detail in
the following section,

The upconvertier and downconverters both use speclal microwave signal
sources which are required to maintain low FM noise in the baseband spec~
trum between 300 and 3400 Iz, These same sources are referenced to the
stability of the station standard as required to maintain the overall fro-
quency stability, except that the first oscillator in the downconverter can

optionally be part of the receive AFC loop that compensates for the drifts
of the satellite oscillator,
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FCC Form 440 A ‘ ’ Form Approved
November 1960 FEDERAL COMMUNICATIONS_COMMISSION Budget Dureau No. $2-R166

WASHINGTON, O, C, 203354

SUPPLEMENTAL INFORMATION FOR APPLICATIONS IN THE EXPERIMENTAL RADIO SERVICE
INVOLVING GOVERNMENT CONTRACTS

INSTRUCTIONS: 1. File in TRIPL! CATE with the Federal Communications Commission, Woshington, D. C. 20554,
2. If the experimental project described heroin corries o security classification, this document
must be clossified accordingly. The Commission will handle each such cose in accordance
with applicable security ragulotions.

1. NAME AND ADDRESS OF APPLICANT (MUST CORRESPOND WITH APPLICATION)
THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR UNIVERSITY
105 Encina Hall, Stanford, California, 94305

2. CONTRACT 3 AGENCY PLACING
B E R NIH 71-4718 CONTRACT National Institute of Health
4. NAME OF PRIME CONTRACTOR. IF OTHER THAN APPLICANT o
| Applicont _

5 NAME, ADORLCSS ANOD TELEPHONE NUMBER OF ENGINEER RESPONSIBLE FOR THIS PROJECT

Michael J, Sites, 225 Durand Bldg, Stanford University, Stanford, CA 94305
(415) 321-2300 X 3595

6. BriEF OLSCRIPYION OF PROJECT ANL PURPOSE OF OPERATION

Demonstrate feasibility of using swall earth terminals in conjunction with an
existing domestic satellite (Anik 1I) to provide voice commmication into remote

doctors of the Indian Health Service and native para-medical personnael lecated
at remote native settlements in Alaska which have no existing telephone service,

areas, Primary application would be for providing reliable communications between

7. LOCATION OF MHUPOSED STATION (IF MOBILE, GIVE AREA OF OPERATION; IF FIXED, COMPLETE V'TEM 8)

Point Reyes, California

8. SEOGRARHIC CODRDINATES 38° 05' 45" N. LAY, 1220 56! i‘r.’" ) ", LONG.

Q¢ NUMULR OF TRANSUAI TTING FIXED 1 AIRCRAFT 0
CQUIFMENTS TO nE - . — d
OPERATEDL LAND MOOILE 0 OTHER (specity) 0

10. TECHHICAL DETAILS (Usc a separate column for each frequency or bund offr@onc;es)

1 2 3 4 5

Freaubuey 6320,()0“1_ - N N

POVITR Crpt 800 kW

TYPE OF UMitsion*” 3

DANDNITIT1 OF EMIZSION (KCI®® Y o

BULSLE DULATION N/A : 3

FULSE REPTITION (ATE N/A ’:J

* Elfective tadiated power in.watts, kilowatlts of megawatts .
**1{ a complex emission (A9, F9, 9 cte) is to be used, deseribe in detail helow.
Refer to Sections 2,202 and 5,103 of the Commission’'s Rules.

SERATURE O PRRsuN COMPLETING TINS UK - CTTLE
Dl LS 15
d 8l D L), Research Ascociate

v - - -
MC F.C.Coe Waslidngron, D, €,



6.0. 1 the onswer to Question 6 on the reverse side is "YES', give the following:
Overoll height obove ground 1o tip of ontenno f1.
Distonce to neorost airceolt londing oreo —_—l
'Elovonon of gvound, ot ontenno site, obove modn seo lovel fte
6.by 1f the onswer to Question & on the teverse i3 ''YES'", in the opinion of the opplicont, ore there ony notural formotions or

existing mon-mode structures (hills, trees, woter tonks, towers, etc.) which woutd tend 1o shield the ontenno from aireroft
ond thereby minimize the aeronouticol hoxzord of the ontenno? YES - NO

t "YES', list such noturol formotions or existing mon-mode steuctures,

7. CONTINUED

No changes

[ REMARKS: '
None
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VG Form A1)
November 1973

Fom Appraved
OM. b, No. 52-00230

APPLICATION FOR NEW OR MODIFIED
EXPERIMENTAL RADIO STATION LICENSE UNDER
PART 5 OF FCC RULES

“APPLICANTS SHOULD NOT USE THIS 81.0CK

File Number Call $ign

INSTRUCTIONS
This form is to Le used In w1l cosrs when upplying {or an Experns
rmental Koo Statian License, of Mudificaticn theeeof, unders Purg &
of the [CC Rules.

‘_'(..).\-.m.‘c of Applivant  (Se¢ snalnntivn C) T3 BO.‘\‘RD_()}“
TRUSTEES OF ¥1JE LELAND STANFORD JUNTOR UNI -

() WiiTing Address (namber, sireet, eitys siate, 219 ¢odei VERSITY

B, Ssbmil in duplicate direct to the Federal Communications Commis- S, +
sien, Washinpton, D, €. 20354, J'DS hnclna “all '
C. The rame of the sypplicant must be stated exactly as it appears on StanfOI‘d, California 94305
the Coenstruction Penmit which |s being covered, or the License
which 15 heing motified, explmin anme-change modifications under
Remarks,
D. Il there has Leen no change in any of the information submitted in |2.¢e) Class of Starien  Fixed Earth
the application for the Censtruction Penait being coverrd, or the T
authatizution issucd pursuant thereto, applicant necd unswer only Expel‘itnental (RGSOQI‘C]))
. h (b) Nature of Svevice
qurstion 1,2,3, rnd 41 ond sign the Cerntificalion,
K. Nofrcs ate required with this application. {c) Cuil Sign not assigned
3. Mlas there been any change in any of the infonnation submitted in 4. Purpose of application:
, the npplicition for the Construction Mermil which §s Leing covered Licvnse to cover construction permnil K YES ——- NO
herein o1 the sutherization 1ssued pursuant therelo? Muoalfication of License |/ — YES
__ YES X No Prescat File Now_ “
L7 Specify in questions 5, thru 8, or under Remarks desired
(See Instruction [N modificatien.
S. TRANSMITTER LOCATION. if portable fuonile, give geogrephical nred of propused operdlion, or, give Stule, City, Counly, St1eetl & NoO.
and Latitude A.ongitude of fixed location:
Arena of Opeertion State City County Street & No. Latitude
° s N
38 05 45 N
<. ~ .
Fixed California [Pt, Reyels Marin N/A Congitide
() L] (1]
122" 56 415
w

.

6. ANTENNA STRUCTURFE, Will tie antenna cxtend inore than 20 fecl above the ground of nutural fonnation, ur i
mun<hede stracture, St extend more than 20 {eel above such struclure?

mounted ugon e existing

YES _X_ NO (If “"yes'" ree Reverse)

7. Give details of wny changes in tronsaitrer{s) or anlcans 8¥ stems on Reverse,

8. Spevify Letow, cvectiy, all porticuturs of desired eperations,

No_changes.

e algony.

[{EELN

taael .

_Cﬁn.

py RoBert R, Aveshiraer WL

Corent v of prevon oo
Q  WHLFUL FALSE SYATEREETS AL .
E lC QN THUS | O APE FUHHEARL L i
o BY G AVD RGN R T,
LS, CODL, TIVL 18, SEC (1 100,

e e e e e e S it et
Modulaling
Frequencies tours Puwer Emission trcqm.-ncys Points of
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(H (2} (&) (4) ts)
- _—f e 1
_6320,00 MY unlimited! 800 kW 27r3 3400 Sec_remarks
—_— L —___|(sece_remarks)
— -l - —
1. List frequencirs, separately, indicating whether kiloherte or megaheris,
2. Indicate o unhinated, day only, contincens, ete. {This item refees to intended haurs of ase of the specitic frequency.)
3, Effective radivied power, Specily wheiher walts or kilowatts. 1 pulse cimisston specify peak power,
4, List cach type of viaisaion sepecsdely for cach frequency, I pulse eminsion spraly pulse duration and puilst repetition rate.
S, Give mavinun peedulating breqouency emploved In nontid vpoeation of pusite type of emission involved,

FEMARKS: Qutiputl pover of transmitler is 40 W,
uncd for loop-through testing fram RCA Point Reyes site through the Anik ¥J satel-
~Llite and yeccived at the RCA Point Beyes site,
CERTINCATION
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The applo ant waaves any cham Bothe use of any poarticndoae frmguoney ot af the cithies wu aginst the regulatory power af the Voo 7
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Abstract

An experimental communication satellite has been used since late
summer of 1971 to provide daily two-way radio contact between native
health aides in remote Alaska communities and a Public Health Service
doctor. Health aides, who after 12 weeks of training provide all of
the primary health care in their communities, arc now able to consult
with a doctor concerning treatment of ﬁost of their cases where for-
merly radio contact was impossible six days out of seven. Doctors
and health aides have accepted the experimental communication service
as an integrél part of the Alaska health cére delivery system., The
Public Health Service now has the problem of how to terminate or
replace the experimental service without lowering the quality of

health care the native people have learned to expect.
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MEDICAL COMMUNICATION IN ALASKA BY SATELLITE

1. Introduction

A "satellite house call" probably sounds like an episode from a
medical fantasy. And yet patients in 14 remote Alaskan villages can
now receive consultation from a doctor--via communication satellite.

Health care is delivered in bush Alaska by the Alaska Area Native‘
Health Service of the Public Health Service. Much of the native popu-
lation is scattered in about 175 villages with populations between 25
and 500. The state 1s divided into 7 Health Sexvice Units, each with
a service unit hospital. The major referral hospital is the Alaska
Native Medical Center at Anchorage. Health care in most of the vil--
lages 1s provided by a native health aide with up to 16 weeks of
training by the Public Health Service. The health aide's tools are a
basic drug kit, a manual, and a 2-way radio.

Although some communities have telephones, most of the villages
can communicate with each other and with larger centers only by
High Frequency (HF) radio. The health aides’ back-up is the doctor
at the service unit hospital who attempts to contact each aide by radio
at a set time every day. This schaduled consultation is known as
“"doctor call." However, in practice, radio contacts may be very
infrequent. HF radio is plagued by ionospheric disturbances which may
cause ''black-outs” lasting days at a time. The radios are usually not
owned by the PHS butqby other institutions such as thz Bureau of

Indian Affairs or the State-Operated Schools system. They may be
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located in a teacher's home or the school, where the health aide may
be unable or unwilling to use the radio on a daily basis. -In addition
to such limitations on access, radio communication may further be

* hampered by infrequent maintenance of the equipment,

Tanana Service Unit in central Alaska, including some 21 villages
many of which are on the Yukon and Koyukuk Rivers, has the worst com-
munication problems in Alaska. The above factors, compounded by the
mountainous terrain and distances of as much as 250 miles from village
to hospital, make HF communication very unreliable. While some
villages were able to maintain fairly regular schedules with the Tanana
hospital, the health aide in one village (Beaver) had contacted the
doctor by radio only once in the two years prior to installation of a
satellite ground station in spring of 1973. Even a "working" radio
can be less than wholly satisfactory. Bertha ﬁoses, the health alde
in Allakaket, an Athabaskan village on the Koyukuk River, described an
emergency when she needed to contact the doctor at Tanana. Her HF
radio could transmit messages, but she heard no reply. Fortunately,

a village school teacher was able to tune his short wave receiver to

the same fréquency. Bertha radioed the doctor, and the teacher liétened
to the replies and then ran across the village to repeat them to Bertha
50 that she could continue her "conversation." The villages are
typically without electricity and draw their water from the rivers.

The Athabaskan Indian people 1ive in log cabins and use wood for fuel.
The one predominantly Eskimo community in the service unit is Anaktuvuk
Paés, high in the Brooks Range. Here most people now live in prefab-

ricated houses, although a few traditional sod huts remain in use.
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Satellite communication was introduced to the Tanana region in
late summer of 1971 33 an experimental medical communication project
financed by the National Library of Medicine's Lister Kill National
Center for Biomedical Communication. Ground stations costing about
$3,000 each were installed for the project by the University of
Alaska's Geophysical Institute, which also has the maintenance con-
tract and operates the "Minitrak".Alaskan base station at the Univer-
sity. NASA's AIS-I communicatiQn satellite was used like a tall
(22,000 mile high) tower providin} line of sight communication to
from each of 26 -ground station lggations throughout the state, a-
most of the intefference plag ing radio communication between df
points in Alaska. The locati;ﬁ§\?re shown in Figure 1. 1Initially,
the sites included the service uﬁit hospitals, the Alaska Native -
Center at Anchorage, 10 villages in the Tanana Service Unit, two ¢ .
north slope, and St. Paul, ¢ne of the Pribilof Islands in the Beri:.
Sea, ;n the spring of 1973, four little-used stations were move ‘o
additional villages in the Tanana Service Unit where they are now j:.
dafly use., The communication system is being operated by the Ind: .

Health Service.

*
Application Technology Satellite-1l of the National Aeronautics and
Space Administration
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LOCATION OF ATS-1 SATELLITE GROUND STATIONS
(Lines indicate boundories of Public Health Service Units)
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Figure 1

Location of ATS-1 satellite ground stations
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ATS-1, first in NASA's series of Applied Technolopgy Satellites,
was launched in 1966 with a life expectancy of two years. -Solar
cells permit recharging of batteries for satellite power for the
Alaékan experiments, which use the still functioning VHF (Very High
Frequency) transponder. The ground stations are licensed as experi-
mental stations by the Federal Communications Commission. The radio
frequencies being used are officlally assigned to the Department of
Defense, but are loaned to NASA for the experiments.

The major experiment is the daily doctor-health aide consultation
in the Tanana Service Unit. Fach of the participating health aides
has a "satellite radio” in her home connected by wire to the nearby
ground station. Most health aides are women who speak English well
enough to converse easily with the d;ctor. Every day a doctor at Tanana
calls each health aide in turn on ﬁhe single "éarty-line“ satellite
radio circuit, Health aides may ask the doctor for specific instruc-
tions after describing signs and symptoms, or may simply verify their
own diagnosis and treatment. The medical facilities in the villages
are still very limited, so'that any serious cases must be evacuated.
The satellite radio can then be used to arrange for a plane to evacuate
such patients, usually to the Tanana hospital, a 26-bed hospital
staffed by two Pub;ic Health Service doctors.

The satellite radio is in fact more like a reliable two-way
radio than a telephone. At each site with a ground station, users
can listen, and participate in the discussions. Although this situa-
tion does limit privacy, it also enables the health aides to listen

to and learn from the dialogue with other villages.
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An interdisciplinary team, drawn from the Medical Scheol, Insti-
tute for Communication Research, and the Department of Electrical
Engineering at Stanford University, is evaluating the Alaska biomedi-
cal communication project under contract with the Lister Hill National
Center for Biomedical Communication. With the assistance of Dr. Brian
Beattie of the U. S. Public Health Service, they have examined avail-
able statistics on the utilization of medical communication facilities
and other aspects of hcalth care delivery that might be affected by

the use of the satellite radio.

2. Other Uses of the Satellite Radio

Patients at the Alaska Native Medical Center in Anchorage and at
Tanana Hospital have talked to their‘families in the villages via
satellite. Previously, the villaées may have had no contact wlth a
patient from the time he left for a distant hospital. One health aide
commented: '"Last year we don't know if they're dead, still in hospi-
gal, or what.".

ATS-1 has been used experimentally to transmit a lecture from the
University of Washington Medical School to a pre-med class in Basic
Genetics at the University of Alaska. Dr. Jon Aase delivered the
remote lecture with prepared slides, blackboard diagrams, and demon-
strations being coordinated with the audio in the University of
Alaska classroom. 1In a questionnéire the students indicated that they
preferred to have the lecturer present, but found the audio lecture
combined with visual aids preferable to other forms of presentation

including delayed time instruction, or independent study. liovever,
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they felt the visual component was significant enough to rank
two-way television as potentially the best of all possible worlds.

The library of the Alaska Native Medical Center has used ATS-1
for interactive searching of MEDLINE, the National Library of Medi-
cine on-line computer information retrieval service, in Bethesda,
Maryland. A computer terminal in Anchorage is connected by satellite
fo a ground station at Stanford University in Califbrnia where a

connection is made into the TYMNET computer network to reach MEDLINE.

In the spring of 1973, this facility was used approximately eight
hours a month to link Anchorage and Bethesda.
Two typés of doctor-to~doctor communication have been attempted.
The doctor on St. Péul, one of the Pribilof Islands in the Bering Sea,
regularly consults with specialists in Anchorage via ATS-1. His prac-
tice is completely isolated, as rédio communic;tion is very unreliable
and there is infrequent plane service. During the ear;y months of
operation, grand rounds were offered by satellite to the doctors at
the Service Unit Hospitals. However, participation was low, and
doctors interviewed indicaéed that the rigid time schedule available
for such programs was not compatible with the heavy work load of Public
Health Service staff. Some doctors indicated a preference for material
available at their convenience in journals and reports or on cassettes.,
A separately funded education project produced a poster calling
the satellite radio "the radio you can talk back to." Health educa-
tion programs have been produced by the education project and coordinated
by Georgiana Lincoln, Chairman of the Tanana Service Unit Native Health

Board. Programs typically are presented by a moderator and expert
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discussing a topic requested by the villages. Village participants
have the opportunity to question the speakers and continue the dis-
cussion. -Topics have included keeping dogs healthy, presented by a
veterinarian and a dog musher, and health education requirements for
villages. During the latter program health aides exchanged suggestions
for films, posters, and written information for the villages on keeping
impetigo sores clean, the importance of well-~baby clinics, caring for
sick children, building wells and outhouses. "And we don't want any

of those films made in California, either!', added one aide.

3. Research Design

In an attempt to isolate the effects of introduction of the

new technology from other factors influencing health care delivery in
rural Alaska, a quasi~ex§erimental design was imposed on the basic
data. A group of nine villages withhsatellite radios were designated
as the "experimental villages.'"' These were Allakaket, Anaktuvuk Pass,
Arctic Village, Chalkyitsik, Huslia, Nulato, Ruby, Stevens Village,
and Venetie. A tenth villege with satellite radio in the Tanana
Service Unit, Fort Yukon, was excluded from this analysis because the
presence of a nurse and the availability of a telephone made the health
care delivery situation in that village quite different from the others.
In order to examine the differences attributable to the satellite
radio, statistics were gathered for the year immediately preceding the
introduction of the satellite ground stations. Some of the changes
from one year to the next might have occurred without the introduction
of the satellite radios, however. In order to provide an appropriate

baseline for comparison, a group of villages in the Tanana Service

.
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Unit that did not have satellite radios were compared for the same
two-year period (using mid-August of 1971, the avérage date of
satellite ground station installation, as the dividing point for the

before-after comparison in the "control villages').

4. Communication Contact

The radlo logs at Tanana Hospital were examined to determine the
frequency of radio contact between Tanana and each of the villages
during the two-year period examined. For the 9 experimental villages,
the data in Table 1 include the calendér year immediately preceding and
the calendar year immediately following the installation in each

village. For the 4 control villages (3 others were excluded because

there was no record of radio contact with Tanana for 2 years) the

radio contact is reported for the year before and the year after the

average installation date of August 17, 1971,

" TABLE 1

Average Number of Days of Radio Contact per year Before and After

Insta}}ation of Satellite G:gpnd Stations

(% of possible contact days in parentheses)

Before Satellite After Satellite
| (1970-71) (1971-72)
9 Satellite Villages 51.7 (14%) e 070.2 (74%)

4 HF Radio Villages 44  (12%) 24.3 ( 7%)
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During the satellite period, the satellite was not available for
27 days, and the health aides were not required to answer 'doctor
call" on weekends if they had no patients to discuss. However, in
all instances, the percentage of days with radio contact was calcu-
lated on the basis of a 365~ or 366-~day year. The change in radio
contact in satellite villages amounts to a more than 400% increase,
a difference which 1is statistica%ly significant despite the small
rand
number of villages involved (§=14.1, df=8, p<.001), The drop in the
HF villages is not statistically significant, and may be just random
fluctuation. If {it does represent a réal decline, it may represent
deteriorating HF maintenance, increasing frustration in using the HF
radio when contrasted to the satellite radio, or a decline in the
doctors' perseverance in attempting to make contact via HF radio.

The dramatic increase in number of days of contact between the

health aides and the doctor is reflected in the increase in the number

of medical cases treated. Table 2 compares the number of
episodes which the health aides discussed with doctors before and
after the installation of the satellite radio. The figure in paren-

theses indicates the number of episodes per thousand population.
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TABLE 2

Average Number of Episodes Treated Before and After Installation

of Satellite Ground Stations

(episodes per thousand in parentheses)

Before Satellite After Satellite

(1970-71) (1971-72)
9 Satellite Villages 47.1 (330) 184.6 (1291)
4 HF Villages 24.7 (286) 15.0 ( 173)

An episode is defined as a reported iliness; accident, or new discus-
sion‘of a chronic condition. Follow-ups within a few days were not
counted. |

The data in Tables 1 and 2, while showing dramatic increases in the
frequency of contact and the number of ﬁew cases treated, do not in
themselves demonstrate improved health care. Given the small number
of villages involved, ali of which have relatively small populations,
it is not poésible to démonstrate a statistically significant improve~
ﬁent in mortality or morbidity rates. Nevertheless, thesé statistics
do show that health aides can contact a doctor on most days when there
is a patient in need of medical attention and that the number of case;
treated by public health service doctors has significantly increased.
As indicated in the analysis of questionnaires administered to health

aides and by the opinions of doctors expressed to the Stanford
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evaluation team, both health aides and doctors are convinced that the
quality of health care has improved. The present documentatation of

of the number of cases treated may be the closest we can come to "proof"
of improved health as a result of the satellite radio. The only
gnproved link in the chain of inference is the assumption that diag-
nosis and treatment over the radio by a Public Health Service doctor
results in a better quality of health care in the village than that
provided by health aides functioning on the basis of only infrequent

contact with a doctor.

5. Health Aide Questionnaire

During the spring and summer of 1972, a questionnaire was adminis-
tered to health aides in 9 villages with satellite radios and 5 villages
with HF radios only. The questionnafre was designed to probe for
potential effects of 1mpfoved communication on village health care.
Many of the questions asked the health aides to compare their answers
with conditions one year ago, when the satellite radlo villages would
also have relied exclusively on HF radio. Probes were included fre-
quently to check for the influence of factors other than the improve~-
ment in communications. Deliberate effort was made to avoid mention
of radio communication in the comparative questions so that the
respondents would not attempt to guess the "right" answer.

Daily communication with the doctor was important to the health
aides. All 9 of the health aides in satellite villages said that the
doctor's directions over the radio were never unclear to them. Seven

Q of the 9 said the quality of reception was less of a problem this year
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than last. On the other hand, 4 out of 5 health aides in the
non-satellite villages indicated that they had difficulty understanding
the doctor at least once in a while.

Erequent communication with the doctor seems to increase the
health aides' ability to persuade the patients to follow their advice.
In 8 of the satellite villages, the health aide felt that people follow
instructions most of the time; 2 of the aides with HF radios answetred
"most of the time" and 3 "some of the time." Three in the HF radie
villages and 5 in satellite villages thought this was about the same
as last year, but 4 aides in gatellité villéges felt people foilowed
their advice moré often now. Two aides mentioned that patients can
now listen to the‘doctor. One sald she kept after her patients more
this year. Dr. Beattie comments: "In relating a few of the deaths
that occurred in the villages, health aides said that patients or
families did not come to see them until the patient was almost dead,
or did not return after an initial visit. Follow-up visits are fre-
quently part of the directions given to the health aide over the radio,
Qnd better communication should make both the health aide and the
patient aware of this importance."”

One of the most striking contrasts was in frequency of contact
with other health aides, which appears to be very important both for
morale and’ for continued learning. Eight of the 9 health aides in
the villages with satellite radio reported that they listen to health
aides from other villages talking about their patients with the doctor
most of the time. 1In the non-satellite villages, 2 of the health aides
reported that they listened some of the time, and 3 said they never

listened.
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The health aides were asked to indicate how much they lcarned
from listening to other health aides talking to the doctor. All of
the satellite village hecalth aides indicated they learucd "quite a

' whereas 4 of the 5 in the non-satellite villages felt

lot" or "some,'
they learned very little. A more striking difference was the response
to the follow-up question: ''Can you think of anything in particular

you have learned from listening to medical traffic?" ‘Six of the 9
health aides from the satellite villages could name something specific,
whereas none of the health aides from the non-satellite villages could
think of anything they had learned.

Another striking comparison was in the frequency of contact between
the village and patients from the village who‘are away in the hospital.
All 9 of the satellite villages reported that they get news of patients
in the hospital most of the time, and all said that they get news more
often this year than last. In contrast, in the non-satellite villages,
2 health aides said they heard most of the time, 2 some of the time,
and 1 almost never. Four of the 5 said this was about the same fre-
‘quency as last year.

For some aspects of the health aides' work, communication seems
to be one of several influential factors. For example, 7 of tﬂe 9
health aides from satellite villages and 4 from non-satellite villages

felt more confident in their work this year than last year. Contact

with a doctor was the most frequently cited reason.

6. MHospital Admission Records

One possible effect of improved medical communication is a change

in the number of hospitalizations. Unfortunately, it would be possible
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to rationalize changes in either direction. Improved communication
could result in transportation being arranged mcre quickly and more
patients getting to the hospital who wouldn't otherwise. Improved
medical care thus could mean more, rather than fewer, hospité}izations.
On the other hand, improved medical care in the villages may geault
in fewer cases progressing to the point where hospitalization is
necessary. Or the knowledge that reliable communication is available
to discuss cases with a doctor may result in fewer hospitalizations
in marginal cases.

Although interpretation'of results musf amount to post hoc expla-
nation rather than hypothesis tesring, hospital admission records
were examined at the four major hospitals serving patients from the
Tanana district: the Tanana Hospital, the Alaska Native Medical Center
in Anchorage, and Fairbanks Memorial and Bassett Army Hospital in
Fairbanks. Following the quasi-éxperimental design of before-after
comparisons with a control group, hospital admissions of patients from
the 9 experimental villages were compared with hospital admissions
-frdm 7 control (non-satellite) villages for the year preceding and
the year following introduction of the satellite communication system.

The number of hospital admissions from satellite villages
declined by about 2.5 patients per village per year (from 38.6 to
36.1) while the number of hospital admissions from non-satellite
villages was increasing by about the same amount (from 13.7 to 16.4).
This difference is not statistically significant, given the small num~
ber of cases on which these statistics were calculated. If the trend

turns out to be ‘consistent, then a claim could be made that the
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satellite communication system has the potential of saving health

dollars by reducing the number of hospitalizations.

7. Types of Cases Treated by Radio

From the radio logs at the Tanana hospital it w;s also possible
to obtain a crude indication of the kinds of cases treated by radio.
The variation is considerable, and it was not always possible to code
reliably from the brief data in the radio log; consequently, the
number of cases coded into the ''other" category is considerable,
Nevertheless, the data presented in Tqble 3 provide a general indi-

cation of the kinds of cases treated via satellite radio and by HF

radio.

8. Future Plans

Use of the experimental satellite communication system is
continuing on a daily basis in the Tanana Service Unit of the Alaska
Area Native Health'Sgrvice. In April of 1974 a new experimental
satellite, ATS-F, will be launched by NASA. That will permit nearly
a year of experimentation with two-way video teleconsultation services
from remote medical facilities at Fort Yukon and Galena to doctors at
Tanana and Fairbanks. Fort Yukon and Galena are local transportation
centers. It 1s planned to use ATS~1 voice communication for schedu]thg
of ATS-F video consultations, including arranging for patient travel
from outlying communities to Galena and Fort Yukon. ATS-1 will also
be used for data communication to permit on-line retrieval of problem-
oriented medical records of Tanana Service Unit patients from an

Indian Health Service computer in Tucson, Arizona. Continued use of
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k3

ATS-1 capability in other Tanana Service Unit communitics will be
essential to provide an audio-only control comparison for the vidco

teleconsultation experiments.

9. Discussion

The health aides and physicians in the Tanana Service Unit have
accepted the ATS-1 satellite caﬁability as an Integral part of their
on-going health care delivery system. The regional native association,
The Tanana Chiefs, has requested that additional ATS-1 ground stations
be installed in communities still lacking réliable voice communica-
tion. The HF radio system for medical communication in the region has
fallen into disuse. As long as the experimentation continues, the
native peoples of the region are benefitting from the improved quality
- of health care.

The apparent success of the ATS~1 medical communication experi-
ments leaves the sponsors of the experiment and the Indian Health
Service with a severe moral problem. ic¢ would be cruel to terminate
the experiments without providing a replacement communication system
that can at least provide a way for the people in remote communities
to contact a doctor. But technical failure of the old (1966)
satellite is certain to come at some point, even if the pressures to
terminate the series of experiuwents before satellite fallure are
successfully resisted. In the opinion of some observers,‘satellfte
failure or administrative termination could have the same effect of
leaving the health care communication‘gystem in a worse state than it

was before the experiment, while the native communities have been
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given much higher expectations concerning appropriate standards
of service.

The major recommendation of tﬁe ATS-1 evaluation is that the
Indian Health Service, possibly in conjunction with the sponsors of
the experiments it has permitted in their health care system, should
undertake a planning study to determine the most cost-effective way
of providing an operational system for health communication in Alaska.
Such an operational system might serve other remote and isolated
areas in Alaska in addition to those now benefitting from experi-
mental service, . It could be based on a combination of terrestrial
links and satellite links utilizing services from one of the several

U. S, domestic satellite companies now in existence.
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ATTACHMENT XI.6

SPECIFICATIONS FOR A SMALL SATELLITE COMMUNICATIONS EARTH STATION

1,0 INTRODUCTION

This document establishes the specifications for a small satellite com-
munications earth station (ES) intended for simplex message service in a multi-
station communications network, The ES provides frequency modulation and fre-
quency translation from voice frequency (VF) to RF on the trrnsmit side and
provides f-ecquency translation from RF to VF including demodulation on the
receive side, The equipment shall porform the functions of VF processing
(compandor), modulation, carrier frequency chénge, up and down conversion, and
demodulation,

The ES transmissions shall be controlled by a push-to-talk switch.
Frequency control shall be by means of a self-contained, 5 MHz, high-stability
refcrence oscillator, All carrier and conversion frequencies used in the ES
equipment shall be referenced to this oscillator,

The ES equipment shall be capable of duplex operation (although only
simplex operation will be used initially). It shall be possible to equip the

station to permit independent choice of up to 5 transmit and 5 receive frequencies,

2.0 APPLICABLE DOCUMENTS

The following documents are part of this specification to the extent
stated herein, The technical documents are listed in order of precedence, this

specification having the highest precedence,

a) Statement of Work for ES equipment
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3.0 CONFIGURATION

3.1 SYSTEM

The satellite communication network consists of a number of earth
terminals interconnected by the satellite such that any terminal can communicate
with any other through the satellite, 1In its simplest form all stations in
the network transmit on the same frequency and receive on the same frequency
in a party-line type of operation, One station, designated as the master
station, provides the network control and directs the remote stations in their
operations, Each station is equipped with the capability of preempting the

system operation in an emergency. Frequency modulation shall be used.

3.2 EARTH STATION EQUIPMENT

The functional configuration of the ES equipment shall be as shown in
Figure 1., The transmit equipment shall accept VF inputs, provide VF processing,
carrier generation and modulation, and a modulated RF output at the designated
frequency in the 5925~ to 6425-MHz range. The receive equipment accepts input
signals in the 3700- to 4200-MHz range, amd provides demodulation and VF proces-
sing to obtain a VF output,

The equipment shall be designed to accept alternately a L4-wire telepho
line input/output or a local microphone and speaker with the option that earphon¢

4

may be used instead of the speaker,

3.3 LOCATION OF MAJOR SUBASSEMBLIES
The antenna is to be located in an outside environment which may be up
to 100 ft. from the transmit and receive portions of the station, The low noise

transistor amplifier is to be located on the antenna feed as close to the
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feedpoint as possible, The interconnection betwein antenna/preamplifier and
the otﬁer equipment is to be by means of waveguide except, that in the case of
a very short distance, coaxial cable may be used between the preamplifier and
the remainder of the receive equipment., All waveguides and air dielectric
cables shall be pressurized with dry air,

The low power transmit equipment and the receiving equipment and the

transmit TWT amplifier are to be in the same enclosure and will be in a protected

environment,

4.0 PERFORMANCE REQUIREMENTS

This section contains the pertinént performance characteristics of the
ES equipment as well as its eiectrical interfaces., Performance requirements are
subdivided into six categories, namely: general, transmit, receive, looped,
compandor, and interfaces. Because of the difficulty of measuring some of the
performance characteristics when the compandor is included, the looped parameters
apply to a non-compandored condition unless otherwise indicated, These parameters
can be measured quantitatively, The compandor characteristics listed are derived

from the applicable sections of CCITT Recommendation G162.

L.1 GENERAL

h,1.,1 Radio Frequency Allocation

The transmit and reccive operating frequencies will generally be

2225 MHz apart, The exact frequencies will be supplied at the time an order

is placed,
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h.1,2 Operational Receive Flux Density: -156 dBw/mz. Under this condition

the minimum uncompandored test-tone-to-noise ratio (TT/N) is 32 dB, unweighted,

including preemphasis,

4,1.3 Degraded Receive Flux Density: =-158.4 dBw/me. Under this condition

the minimum uncompandored TT/N is 20 dB, unweighted, including preemphasis,

h.1.4 Channel Plan

Each ES equipment is to be designed so that it may eventually be
switched to any one of up to 5 preselected frequencies, These RF channels will
be spaced 25 kHz center~to-center and will all lie within a 200-kHz band. (Note
that this band will support 8 channels, but it is not the intention that the
equipment be made to be switchable to more than any 5 of these 8.) The selection
of frequencies in the transmit and receive directions are to be independent of
each other, although, in general, the centers of the 200 kHz wide bands will be

different by 2225 MHz.

h.1.5 Type of Operation

The operational system for which this equipmen:g;s designed may be
either simplex (communicating stations transmit alternately on the same frequency)

or duplex {communicating stations transmit simultaneously on different frequencies),

4.1.6 Emphasis

Emphasis shall be provided across the 300-3400 Hz transmit voice band
following compression, This emphasis shall be 6 dB/octave, Complementary de-cmphasis

shall be provided in the receive equipment preceding the expander,
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4,2 TRANSMIT
4,2.1 Frequency
The transmit carrier frequency will be in the band 5925~ to 6425 MHz,

The exact frequencies for which the equipment is to be furnished will be supplied

at the time an equipment order is placed,

h.2.2 Stability

The transmit carrier is to be referenced to a high stability 5 MH=z
oscillator, The transmit carrier shall have the same stability as this reference
oscillator., They require stability of better than 1 x lo-s/day and 5 x 10-8/month.
Means shall be provided for easy access to the tuning adjustmeﬁt on the oscillator

to permit periodic resetting of the precise oscillator frequency,

4.2.3 Occupied Bandwidth

The modulated transmit carrier shall be contained in a band not to
exceed 21 kHz, Over deviation protection shall be included in the transmitter

to prevent emissions outside of this band.

h.2.4 Spurious Outputs

The specitied 25 kHz band shall contain 99% of the radiated power,
No discrete signal shall exist outside of this band which contains more than 0.25%
of the total radiated power, The mean power of omissions shall be attenuated
below the mean output power in the 25 kHz band in accordance with the following

schedule,

(1) from 12,5 kHz to 25 kHz away from the center frequency: at
least 25 decibels;

{2) from 25 kHz to 62.5 Kz away from the center {requency: at
least 35 decibels;
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(3) greater than 62.5 kHz away from the center frequency: at
least 43 plus 10 Logy g (mean output power in watts) decibels
or 80 decibels, whichever is the lesser attenuation,

4.2.5 Deviation
4.2,5.1 Telephone Test Tone

The peak-to-peak deviation of a 1 kHz test tone of -5 dBmO level
applied at the telephone interface as described in Section 4.6.3 shall be

10.1 kHz,

4.2.5.2 Microphone

When the microphone is used, the VF gain shall be adjustable so that

modulation peaks will cause a peak-to-peak deviation of 18 kHz.

4.2.6 Push-to-Talk Operation

A switch is to be included with a microphone which will control the
transmit carrier such that when the switch is in the off position, the transmit
level will be at least 50 dB lower than when the switch 1s in the on position,
Circuitry shall be provided to limit any single push/talk time to 3 minutes
without recycling (disengaging the push-to-talk switch and then re-engaging

the push-to-talk switch),

Lh.2.7 Preemption Capability

A preemption switch shall be included on the panel of the transmit
equipment which shall provide modulation of the carrier at full deviation by 2
tones, These 2 tones are to be of equal level, their use being intended to pre-

vent accidental triggering of preemption detectors by voice modulation,
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4,3 RECEIVE

.31 Noise Figure of Equipment

The noise figure of the electronic equipment shall be such as to
achieve the desired test tone-to-noise ratios with the RF flux densities
specified in Sections 4.1,2 and 4.1,3. 1In no case, however, shall the noise
figure of the equipment be greater than 5 dB when measured at the interface

between the antenna feed and the transistor preamplifier,

4.3,2 Noise Bandwidth

Noise bandwidth of the receive equipment shall be 21 10.5 kHz.

4,3.3 Spurious Responses

The equipment shall not respond in a measurable fashion to any other
signals which may be present in the satellite., Adequate filtering must be pro-
vided to insure against interference from adjacent RF channels (spaced as closely
as 25 kHz) or from other satellite signals outside of the nominal 200 kHz bandwidth
The receive equipment shall not be degraded in the presence of the 6 GHz transmit

carrier, since the equipment may alternately be used in full-duplex operation,

4.3,4 Receive Preemption

The receive side of the earth station equipment shall include two VF
filters with appropriate detectors and logic so that reception of high level tones
on those two frequencies will cause a red light to appear on the front panel of
the equipment., In addition, a buzzer or other audible alarm will be sounded when

these two high~level tones are being received simultaneously,
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4.4 COMPANDOR

hoh Definition and Value of the "Unalfccted Lovel™

The unaffected level is the RF deviation which remains unchanged
whether the circuit is operated with or withdut the compandor. The una{fected
level shall be -5 dBmO at the telephone interface corresponding to a peak-to-peak

RF deviation of 10,1 kHz when the modulating signal is a 1000 Hz tone,.

k.42 Ratio of Compression and Expansion

L.4,2.1 Compression Ratio

The ratio of RF deviation change to input signal level change shall be
+0.5 dB/dB, Departure from the transfer characteristic having this ratio, referenced

at -5 dBmO, 1 kHz, shall fall within the limits shown in Figure 2,

REFERENCE LEVEL @ 1kiiz +0.5 RF DEVIATION
N ERROR (dB)

A7 ,
22

-40

"TELEPHONE TRANSMIT INPUT LEVEL (dBm0) ———»

The upper 1limit shall apply for modulation rates between 200 and LOOO Hz, the lower
limit between 300 and 3400 Hz.

ERIC

IToxt Provided by ERI
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4.4.,2,2 Expansion Ratio

The ratio of the receiver output level change to RF input deviation
change shall be +2 dB/dB., Departure from the transfer characteristic having
this ratio, referenced tv -5 dBmO, shall fall within the limits shown in

Figure 3 for modulation frequencies between 300 Hz and 3400 Hz,

A

REFERENCE LEVEL €@ 1 kHz—— | +0.5 TOUTPUT LEVEL
- [ +0 ERROR (dB)

"

[ "'1. 5

[ '2. 0

RECEIVE TELEPHONE OUTPUT LEVEL (dBm0)——~

L.4,3 Transient Response

4.4,3.1 End-to-End Transient Distortion
The receiver output overshoot (positive or negative) shall be less than

320% when a 2 kHz transmitter input signal level is switched between -k dBmO and

-=16 dBmO in either direction.

k.4.3.2 Compressor Attach and Recovery Times
4.4.3.2.1 Compressor Attack Time
The RF deviation shall settle to within 1.5 times its steady state

value in 5 ms or less when a 2 kHz transmitter input signal is switched fron

Q 5 dBmO to -4 dBmO.
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4,4.3,2.,2 Compressor Recovery Time

The RF deviation shall settle to 0.75 times its steady state value in

22.5 milliseconds 120% when a 2 kHz transmitter input signul is switched from

-4 dBmO to -16 dBmO,
4.5 PERFORMANCE
An RF-to-RF loop through a test translator is implied in the following

performance requirements unless otherwise specified,

4.5.1 Voice Frequency Response (with compandor)s +1 dB LOO-3000 Hz

41 -3 dB 300-3400 Hz

h.5.2 Impulse Noise (non-compandored)

With an input level corresponding %o the nominal receive flux density of

Section h.l.z, the VF output shall have an impulse count which does not exceed

impulses per 30 minutes above a level of - dBm0, [Bidder

to specify performance]

4,5.3 Harmonic Distortion (with compandor)

With an input 1000 Hz test tone which produces an RF output of & kiiz
peak-to-peak, the harmonic distortion of the received VF output shall not exceed

2 percent, This distortion shall include the rms addition of both 2000 and 3000 Hz

components,
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4.6 ELECTRICAYL INTERFACES

4.6.1 Transmit (RF)

a, EIRP, The effective isotropic radiated power of the station to
the satellite shall be not less than 56.8 + 20 log é%%a dBw over the range from
5925 to 6li25 Milz. This EIRP is the summation of the output power of the TWT
amplifier and the antenna gain at the transmit frequency less the interconnecting
waveguide losses. This requirement is for any frequency in the 5025~ to 6&25 MHz
band,

b, Transmit amplifier output power., The TWT amplifier must provide
enough output power to meet the required EIRPs. In no case, however, shall the
maximum power at the output flange of the TWT amplifier be less than 30 watts
when at full cutput power at any frequency in the 5925- to 6425 MHz band,

¢, Antenna Gain, The antenna must have adequate gain to meet the
EIRP requirement, In no case, however, shall the gain be less than 43,0 + 20
log, 3%36 dBi across the 5925- to 6425 MHz band.

d. Polarization, The transmit polarization is to be linear, with a
cross polarization less than -25 dB over the 3 dB beamwidth, The feed is to be

mounted in such a way that the polarization can he set at any angle with respect

to the local horizontal,

4.6.2 Receive (RF)

a, Receive Level, The receive flux density is that nominal value

specified in Section 4,1.2,

b, Dynamic Range, The receive flux density may vary 45 dB from the

nominal value,

¢. The frequeicy range will he 3700~ to heod MHz,
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d, Antenna Gain. The antenna must have adequate gain to mect the TT/N

versus flux density requircments, In no case shall the antenna gain be less than
f
39.5 + 20 loglo H%BB dBi over the band from 3700- to L7700 MHuz.

e, Polarization, The receive polarization is to be linear and positioned
at right angles to the transmit polarization, It is to have a cross polarization
less than -25 dB over the 3 dB beamwidth, The receive polarization is to remain
at right angles to the tfansmit polarization as the feed is set at any angle with
respect to the local horizontal.

f. Isolation, The antenna is to provide at least 25 dB isolation

between the transmit feed connector and the receive feed»connector.

L.6.3 VF_(Telephone)

a, Impedance, The transmit and receive impedances shall be 600 ohms
with return loss greater than 20 dB between 300 and 3400 Hz,

b. Transmit Level, The equipment shall be capable of accepting any
telephone transmission levels between 0 and ~16 dBr,

¢. Receive Level, The equipment shall be capable of delivering any

receive transmission level between O and +10 dBr,

4,64 Frequency Control

: Frequencies of all oscillators used in the equipment shall be referenced
to the 5 MHz station reference, The exact receive frequency shall be capable of
being adjusted +25 kHz in 500 Hz steps from its nominal value to account for drifts
in the satellite transponder oscillator., It shall be possible to make this adjust-

ment by transmitting the signal to the satellite and making the adjustment while
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watching an internal meter on the ecquipment., Regardless of the setting of the
adjustment for compensating for satellite transmission oscillator drift, the
oscillators in the receiver shall be referenced to the 5 MHz oscillator., The

periodic readjustment of the exact receive frequency shall not require any

external test equipment,

4,6.6 Antenna Pattern Requirement

In addition to the gain required to meet the performance limitation,
the antenna is to meet the following sidelobe specifications, Note that there
are two specifications; high performance and regular, Bidders may respond to
either or both specifications, If they respond to both, they should indicate
the price difference between thc two options,

a, Regular, Outside the main heam, the gain of the antenna shall lie
below the envelope defined by:

32 - 25 loglo(e) dB: 1 £ 94 19
0 dBi 19°< 6 < 180°
b, High Performance
32 - 25 log ((6) dB1: 1° < @< 18°
-10 dBi: 48 < 9<180°
where 8 is the angle in degrees from the axis of the main lobe, and dBi refers to
dB relative to an isotropic radiator. For the purposes of this section, the peak
gain of an individual sidelobe may be reduced by averaging its peak level with
the peaks of the nearest sidelobes on either side, or with the peaks of two
nearcst sidelobes on cither side, provided that the level of no individual sidelot

exceeds the gain envelope given above by more than 6 dB,
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L,7 ALARMS AND CONTROLS

L,7.1 Loss of Transmit Phase Lock

The transmit carrier shall automatically be turned off in the case of
any loss of phase lock in a phase-locked loop used to reference the transmit
carrier to the 5 MHz oscillator, Loss of any phase lock transmit or receive

shall cause a red lamp to glow on the front of the equipment,

L.7.2 Remote Meter

A meter whose reading corresponds to received carrier level shall be
provided external to the electronic equipment with wire installed in place so
that the meter can be used at the antenna for aligning the antenna to the satellite,

&

4.,7.3 Deviation Warning

A lamp shall be included on the front panel of the transmit equipment
to indicate excessively high input voice levels which would result in distortion

in the over-deviation prevention circuits,

5.0 OPERATIONAL REQUIREMENTS

The satellite local oscillator drift must be capable of being corrected
in the Operat;onal system as described above in Section h.6.5. The frequency of
this adjustment is expected to be no more often than every 3 months and the
simplicity of these adjustments is of critical importance in the design of the
station since it is expected that this drift correction will be made by non-

technical personnel, perhaps while being guided through the communications 1ink

by the master station,
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It shall be possible using the master station as a reference to check
the accuracy of each local 5 MHz reference, It shall be possible to adjust the
reference at the station without the use of external test equipment and the
means for doing this shall be included in the equipment design,

The equipment shall include a preemption capability as described above
in Sections 4,2.7 and 4.3.4, The purpose of this preemption capability is to allo
any station to interrupt traffic which is being transmitted and, by this means,

to provide for emergency service even though the simplex channel is in use at the

time that the emergency arises,

6.0 RELIABILITY

The equipment shall be designed with the following objectives:

a. The stations will generally be operated by non-technical personnel
and equipment failure will result in a loss of communications to the community
served by the station., It is incumbent, thercfore, that a conservative equipment
design be used and that the equipment be of high quality workmanship and wse high
quality components throughout.

b. Maintenance will be by means of replacing equipment subassemblies,
that is, by complete rgplacement of the transistor preampiifier, transceiver
equipment, or the TWT amplifier, Internal metering shall be provided to permit
ready identification, where feasible, of the failed subassembly,

¢. Repair of major subassemblies will be done in a central depot where
technically competent personnel and suitable test equipment will be located, The
design shall, where possible, permit this depot repair of the respective subasscn-

blies,

d. Attention of the bidder is drawn to the warranty requirements of
the Statement of Work,

ERIC

IToxt Provided by ERI
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7.0 MECHANICAL REQUIREMENTS

T.1 GENERAL

The ES cquipment shall be mounted in an attractive cabinet whose overall
dimensions shall be the minimum required for the equipment. Interconnecting
cables and waveguides among the subassemblies shall be suitable for installation
in an environment which does not provide full mechanical protection to the calles
and waveguide, A mechanically-rugged approach is desirable, No rotating equip-

ment (such as fans) shall be used in the design of the ES equipment,

T.2 FINISH

The final finish on front panels shall be a gray semi-gloss cnamel with

black silkséreen markings,

T.3 S1ZE

T7.3.1  Transistor Preamplifier

The transistor preamplifier is to mount at the antenna in the environment
specified below in Section 8.1, 1t is anticipated that oven-heating will be

required for the transistor amplifier,

T.3.2 Transceiver and TWT Amplifier

The transceiver and transmit TWT amplifier are to be in a cabinet in a

protected environment,
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z,

3,0 ENVIRONMENTAL REQUIREMENTS

3.1 EQUIPMENT WITHOUT ENVIRONMENTAL PROTECTION

The equipment mounted outside of the building shall be able to operate
to specification in ambient temperatures of -60°C to +50°C. This includes the
antenna, transistor preamplifier, and interconnecting cables and waveguide, This
equipment shall be capable of withstanding temperatures from -60°C to +60°C in a

non-operating condition without damage,

8.2 ANTLNNA ENVIRONMENTAL SPECIFICATIONS

The antenna is to maintain its normal performance with winds up
to 45 mph, up to 1/4 inch radial ice, and up to 4 inches vertical snow fall,

The antenna degradation in transmit gain and receive gain (1nc1uding
surface distortion and pointing error) is to be less than 4 dB with winds up to
85 mph, up to 1/2 in radial ice and up to & inches vertical snow fall,

The antenna is to survive with no permanent deformation with winds up to

120 mph, up to 1 inch radial ice, and up to 12 inches vertical snow,

8.3 PROTECTED EQUIPMENT

Equipment which is intended for operations within a sheltered environ-
ment (the transceiver and power amplifier) shall be capable of operating between
temperatures of O and 50°C without performance degradation, This equipment shall
also be capable of withstanding temperatures between -60°C and +60°C in a
non-operational condition without damage, This equipment shall operate satisfac-

torily in a relative humidity of up to 95% at temperatures to 3500.
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9.0 POWR

The ES equipment shall be designed to operate from dc voltages between
-21 and -32 Volts (positive ground}., 1In a non-transmit (i.e., idle) condition,
the current drain of the ES equipment shall be less than 2 amperes; in a transmit
condition the current drain shall be less than 10 amperes, The equipmunt shall
be capable of operation over the entire dc voltage range without readjustmenf

by the operator while meeting all of its performance specifications.

10,0 TEST PROGRAM

10,1 GENERAL

This section lists tests which are to be performed in the factory prior
to shipment, The tests denotcd by an asterisk are those which need be performed
on the first deliverable unit only, These tests may be deleted from subsequent

units providing the first unit passed the indicated tests with no difficulty

or rework,

10.2 PARAMETERS TO BE TESTED
10.2.1 Transmit

a, Frequency Stabilitys

b. Occupied Bandwidth

C. 6verdeviation Protection

d. Spurious Outputss

e, Telephone Deviation

f. Voice Deviation

g, Push-to-Talk Operation

h., Preemption Capability
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10.2.2 Receive
a, Noise Figure
b. Noise Bandwidth
Cc. Spurious Responses#
d. Operational Receive Flux Density Test-Tone-to-~-Noiso Ratio
e, Degraded Receive Flux Density Test-Tone-to~Noise Ratio

f. Preemption Capability

10.2.3 Loop Tests
a., Voice Frequency Response
b. Impulse Noise=x
¢c. Harmonic Distortion
d, Compandor Unaffected Level
e, Compandor Compression Ratio (over the range of levels)
f. Compandor éxpander Ratio (over the range of levels)
g, Compandor Variation of Compressor Gains
h., Compandor Variation of Expander Gains

i. Compandor Transient Responsesx

10.2.4 Electrical Interfaces

a. EIRP Capability

b, Telephone Interface Impedances

¢. Telephone Transmit Levels

d. Transmit Receive Level Interfacesx
€. Modulation With Microphone

f. Speaker Volume

g+ Frequency Control
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h, Alarms and Controls
i, Remote Rcceive Carrier Level Meter

J. Deviation Warning

10.2.5 Workmanship

All equipments will be inspected for quality of workmanship and construc-

tion,

10.2.6 Mechanical
a, Finishes
b, Sizex

¢, Weightx

10.2.7 Environmental

The first unit produced will be fully environmentally tested to demon-
strate compliance with requirements of Section 8 of the specification. Where
this is not practical with the antenna, the bidder is to describe those tests

he proposes to demonstrate in compliance with the specification,

10.2.8 Power

The first unit produced shall be checked across the range of voltages
specificd in Section g to insure proper operation across the total voltage

range, This same first unit will be checked for idle and transmit current

drains on the battery system,
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11.0  DOCUMENTATION

Documentation will be of two types: (1) an operations instruction
manual intended for the non-technical station operator, and (2) a maintenance

manual for the depot maintenance personnel,

11.1 OPERATIONS MANUAL
This manual will give, in non-technical terms, instructions for operati
of the equipment, It will include alignment instructions for the antenna and
instructions for use of the various controls, meters, and alarms on the equipment

" The instructions shall be in a step-by-step form with illustrations to augment th

verbal ins“ruction,

11.2 MAINTENANCE MANUAL

A complete maintenance manual shall be available as a part of the ES
equipment, This manual shall be geared to the level of a trained technician,
not to that of a graduate engineer, The manual shall include a technical
description of the equipment including theory of operation of the overall equip~-
ment and of each of the separate subassemblies which make up the earth station,
Line~up instructions shall be included in the manual, including instructions
on how to tune frequency sensitive elements unless the tuning requires expen=-
sive jigs and/or test equipment which make field tuning impractical, A section
of the manual shall be dedicated to troubleshooting the earth station equipment
and shall include special instructions as may be necessary in the repair or

adjustment of the equipment.
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The manual shall include both block and level diagrams as a parl of (he
theory ol opcration of the equipment and detailed schematic diagrams complete with
parts 1lists., Compcnent markings on the parts of the earth station egquipment shall
agree with those on the schematics and shall be arranged in orderly fashion to
permit ready identification of the part, Standard markings shall be used through-
out in accordance with ASME/IEEE US Standard Y32,16-1968,

The maintenance manual shall include a 1list of required test equipment
described in terms of functional requirements as well as suitable equipment by
manufacturer and type number, The manual shall also include a listing of any

special tools or jigs required for testing and/or maintenance of the equipment,

11,3 SPARE PARTS LIST

List of recommended spare parts for 6 months and for 12 months maintenance

levels shall be fuinished as a part of the earth station procurement,
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ATTACHMENT X1.7
Central Manual Telephone Exchange

There are several simple methods of immplementing a manual telephrn:
exchange at a cost small compared with the cost of the stations in tib
remote communities, The final choice of method depends on the sequsi::
of station installations, the number of calls originating from each
phone, the type of service desired and the destinations of the cali

For service to the Alaskan villages there would be one telephone
installed in each of the 120 villages not now having phone service. To

serve these 120 telephones, RCA has estimated approximately 25 satellite

circuits would be needed. The 25 circuits would come to one or more
central exchanges where an operator would connect the calls through
existing ground lines to the destinations.

The simplest approach may be the most desirable in view of the need.
It would be simplest to have one exchange, moSt likely in Anchorage. In’
the exchange four or five village telephones would be permanently assigﬁed
to each of the 25 circuits. The 25-circuit, bush phone service would be
operated manually by onme or two operators in the Anchorage bush phone
exchange.

To call a village a caller would dial the Anchorage exchange. If
one of the four or five villages was using the line, the operator would
report "line busy' to the caller. Otherwise the operator would transmit
one of five standard tone sets to ring the phone in the desired village.

When the phone in the village is picked up the circuit is completed. If

-




A-245

the phone is not picked up (the station may be in use for medical
communications) the operator would report "no answer' to the caller.

When the circuit is in use, power in the circuit from the exchange
to the village provides an '"in use' signal to the other three or four
villages on the same circuit. This signal is used in these villages to
lock out the telephone and give a busy signal, when the telephone is
picked uo. To make a call from the village, the caller picks up the
telephone; if the line is not busy his station automatically begins
transmitting to the Anchorage exchange, where the operator answers and
dials the desired number. :

To call a village on the same satellite circuit the operator
requests the caller to select line two on his phone. This adjusts the
station to transmit and receive on the frequencies appropriate for
direct telephone conversation with the other village.

The station designed for the Indian Health Service has the
equipment in it for this exchange alternative. The costs above those
already included in the estimates, is the 25-circuit switchboard,
rental of 25 voice circuits from the RCA Anchorage ground station to
the switchboard, the 25 channel electronics at $5,000 or less per
channel at the central exchange, and 24 hour manning of the switchboard..
The operator cost would dominate the switchboard cost and is estimated
by RCA to be $65,000 per year.

It is clear that the central switchboard is a small simple operation
and will not be a major cost factor in the program.

Questions have arisen about the grade of service, the probability
of a line being free when it is wanted, Although we tend to agree with

estimates that 25 lines for 120 telephones is adequate; if more are
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desired, more could be acquired from‘the satellite.

A more complicated technique would assign groups of circuits to
groups of villages, three clrcuits to 15 villages for example. This
would somewhat improve the probability of having a free line during
the busiest part of the day but add the requirement of line selector
equipment at each village. This seems to be an unwarranted choice
in that the improvement is small. When the traffic increases to

warrant ﬁore than ona phone per village, then such techniques should

be considered to make better use of satellite channels.
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ATTACHMENT XI.8

ALASKAN INDIAN HEALTH SERVICE SATELLITE COMMUNICATION STATION

BASIC STATION CONFIGURATION

The 'Basic" station refers to the configuration that would be installed
initially in each village and field hospital to meet health service needs.
The '"Basic' station includes features that allow easy future addition of

optional equipment to meet expanded service needs. The basic station has

the following characteristics:

I. Single Receive and Transmit Channels

The station is to have one transmit channel (modulator, frequency
synthesizer, up converter, and power amplifier), and one receive channel

{preamplifier, down converter, and demodulator),

I1. Frequency Agility

The transmit and receive frequencies are to be digitally controllable,

They are to be capable of being set to at least 50 adjacent channel positions,
Transmit and receive are to be controlled independently of each other,
Settling time in switching from one channel to another two positions away
should be less than 100 milliseconds; switching to fif{ty channel positions
away may have a settling time up to 500 milliseconds,

The above 8gility requirements are to accommodete the optional addition
of an automated direct dial telephone system., 1In the "Basic'" station configu-
ration for remote villages, the control digits will be hardwired to a predeter-
mined transmit and corresponding receive channel for simplex operation.
The "Basic" stations at the field hospitals will have a manual switch to

select between five predetermined transmit and corresponding receive channels

for simplex operation,
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III. Adjustment for Drift in Satellite Offset

The frequency difference between transmit and receive channels is to
be adjusted manually to compensate for long term aging in the satellite
offset standard, Change in the satellite offset frequency is to be deter-
mined centrally, Periodically, personnel at the remote locations will be
asked to turn a dial to a new setting to compensate for the ratellite drift,

Short term satellite offset drift, which occurs as the satellite passes
through the earth's shadow, at the equinoxes, will if necessary be compen-
sated for manually at the central field hospital stations by temporarily
reducing the modulation index and adjusting the receive frequency, This
will result in at worse a reduction of signal quality for several late

night hours on several days twice a year,

Iv, Transmitter Power

The transmitter will have a power level, (30 watts), that will enable
one remote station to talk directly with another remote station., This will
provide the normal service for the health uses.

As an option, the drive level to the transmitter may be reduced to
obtain lower power, (~1 watt}, from the transmitter, This level is suitable
to transmit to a larger central station or directly to other small stations
on a future satellite with proper transponder gain, At this level, up to

six additional channels could be used simultaneously without changing the

transmitter,

\ Baseband Processing

The channelizing equipment is to deliver a quality voice signal with a

carrier to noise, C/kT, of 52 dbw/%k, in a bandwidth of 20,000 Hz., The
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equipment is to have voice-activated carriers and the equivalent of echo
suppression for duplex operation, 1In the "Basic' configuration the station

will be set for simplex operation and speaker and microphone are to be

provided for push-to-talk use, The village stations are to be equipped

with an emergency alarm button that when pushed will trip an "emergency"

indication circuit in the field hospital,

ADDED OPTIONS

The basic station is as described above. Following are equipment
uptions that can be added to the basic equipment to meet additional service

needs,

I. Additional Receive Channels

Additional receive only channels may be added to provide radio distribu-
tion or to provide continuous monitoring of the health service channel when

the regular receiver is not available;

II. Added Transmit and Receive Channels

Additional transmit-receive equipment, similar to that of the basic
station, may be added. This is to be used only in conjunction with larger

receive stations or with a later satellite,

III. Direct Dial Telephone

A direct dial telephone may be added to the station to provide automated
metered telephone service to the village. The added equipment includes a
telephone, a supervisory unit, and an interface card to connect the super-
visory unit to the digitally controlled transmitter and receiver of the
station., This may be added along with a separate transmitter-receiver
channel to the "Basic'" station, Or it may be added in a way to share the

Qo transmitter-receiver of the '"Basic! station.
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SYSTEM OPTIONS
With the station options described above several system configurations
are available, These are described below:

1. Basic Option, Health Service Only

The basic option has identical service at each location, All villages
and the field hospitals are on a common push-to-talk circuit, If added
channels are required for the traffic, different service areas can use
different channels., In this configuration each village would be able to
hear conversations only in its serv{ce area; but a station at a field

hospital could be switched to any one of the service areas.

11, Shared Telephone Service

Adding the shared telephone package to the "Basic'" station will
provide direct dial telephone service to each location, The calls will
go through a larger central station at Anchorage or Fairbanks and be
routed through the normal telephone system, 7he central station equipment
would be fully automated, including automatic billing,

In this configuration, for calls from one village to another, the centr
office equipment will establish a direct‘"one-hop" circuit, The only "two=~h
circuits that would occur would be calls that the Alaska network normally

handles via satellite, e.g., Alaska to the lower LS states.

The telephone service would have to be interrupted for health service
use, Priority could be established either way between the two uses but it
is assumed that normally the health services use would have precedence, Ry

adding a receive only channel for the health aide to use for the normal dail
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conferencing, interruption would occur only when the aide participated in
the conference to transmit messages, about 10 minutes per day, Other tele-

phone calls could take place while the health aide was merely listening,

IT1, Separate Telephone Service

Adding the telephone and an additional transmit-receive channel to the
"Basic' station will also provide direct dial telephone service to each
location, Due to transmitter power limitations, in this configuration all
calis would have to go through the larger central station,

A village-to-village call would incur a "double hop", Similarly, the
simplex health service line would have to have a ''double hop", The effect
of this added delay on the conversations is not known, <here would in
addition to this difficulty, be extra costs due to the use of twice as
many satellite channels,

In this case there would be no interruption of telephone service for

health communicatious,

1v, Mixed Telephone Service

It should be noted that the three configurations described above can
be used simultaneously; i.e,, stations with health service only or with

shared or separate telephone service work in the same system,

V. Central Telephone Equipment

The central telephone equipment for the direct dial service would
consist of a control terminal and a connection to a larger multi-channecl
satellite station, Cost estimates are preliminary but indications are that
the central terminal and channel equipment would cost from $100,000 to
$120,000, If the larger ground was located near the telephone control

terminal and served exclusively for the telephone service the satellite
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ground station cost would be less than $50,000. The total central station
cost including dedicated ground station should cost between $150,000 and
$170,000., Alternately, the present RCA stations could be used, It is not
clear whether the rental of lines from a present RCA station and a share

of the station cost would be less expensive than a new station,

The central telephone equipment and the telephone to be added to the

stations in the villages are based on Motorola's Improved Mobil

@ Telephone
Service (IMIS) equipment,

Their Pulsar central terminal equipment contains
billing and revertive (mobile to mobile) call capability,

The remote IMTS telephone equipment will simply interface with the basic
ground station design,

automated dialing,

The central station equipment costs from $80,000

to $120,000 depending on the options, The remote telephone equipment

would cost about $800. (Only the handset and supervisory unit would
be used with the satellite ground stations,)
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ATTACHMENT XI.9

ALASKA'S CNOMMUNICATION NEEDS
AND POTENTIAL SOLUTIONS UTILIZING SATELLITES

Howard Hupe
Alaskan Project Officer
HEW/OTP

This is a preliminary staff study paper written for consideration by

the Joint Committee on Telecommunications and otherxr interested parties.
It is incomplete, and represents a first draft of what should eventually
be a much more comprehensive and detailed study. The final report will
benefit from the comments of the committee and others and will then be
sultable as an input into official DHEW Telecommunications policy.
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Background

Alaskan native populations are probably the most isolated, poorly
served, and educationally and medically disadvantaged of American citizens.
The State's geography, population patterns, and harsh climate are largely
to blame for this. People live in primitive villages, typically of a few
dozen to a few hundred in population. Transportation is poor at best, and
almost non-existent much of the year. Communications is made highly
expensive and unreliable by geographical and atmospheric conditions.
Particularly serious needs are for emergency medical communications, health
aide--physician consultation in routine health maintenance and treatment,

" educational programminé from pre-school to professional level, cultural

and informational radio and TV service, and ordiﬁary telephone communications.
There is wide-spread agreement that the most viable and cost-effective
solution to many of these problems is telecoﬁmunications. in particular
communications satellites.

Beyond this general agreement, however, lies extensive disagréement
on ways and means of providing such services. The disagreement is genuine
and is based on a complex of interactive technical, financial, regulatory,
and other factors. This is further compoundéd by uncertainties about near-
term technical developments, intents of interested actors, future policy
decisions and other factors. 1In spite of these real difficulties, decisions
must be made immediately if any service is to be provided within the next
year or two. One of these decisions involves DHEW's role in influencing and

¢

utilizing the satellite telecommunications in Alaska.
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Alaska needs clearly are broader than DHEW's areas of responsibility.
A teiephone system serves countless purposes and television service will
serve entertainment and informational needs as well as educational, health
and social services. However, it is clear that only by sharing whatev;r
facilities are planned can the various needs be met at a feasible and cost-
effective price. Within the constraints of limited funds and small
community size, only one telephone system and one television system is
practical. Thus, DHEW, if it is to play any role, must participate in the

overall system design to assure that its responsibilities and interests

will be adequately served at the minimum cost compatible with satisfactory

service. -

Alternative Solutions

The best solution to Alaska's communicatior.s needs is, at the moment,
difficult, if not impossible, to determine. ‘One reason for this is the
large number of unknowns and uncertainties facing the decision maker. One
of the méjor causes for uncertainty is the lack of reliable technical and
cost data on which to base analysis. There is only one way to clarify this
issue and that is to enter a competitive market situation where service and
hardware suppliers bid and negotiate service, product, terms, and prices.
This implies that Alaska must consider a variety of alternative approaches
to filling its telecommunications needs. Attempting, at considerable risk,
to organize and simplify what is a very complex situation, we ~an describe

three major approaches (with minor variations on each) to a satellite

telecommunications system for Alaska. These group themselves around three
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operating frequencies: 2.5/X, 4/6 and 12/14 GHz.

The 2.5/X system: This is the same frequency band as is to be used

with the ATS-P. A satellite (the ATS-F') of the same type as the ATS-F

could probably be launched within a year and could serve the existing (18)
stations in Alaska. Additional stations could be added at low cost ($5000 ea):
at the villages not now served by the ATS-F. This satellite, which is already
partially built, has a beam pattern (earth coverage) which could adequately
serve most of Alaska with ;xcellent TV and telephone service and simultaneously
provide interconnects with points in the northwest continental U.S. The
technology may be considered moderately well developed, and will be fully
tested within the year. Such a satelliﬁe would essentially be an extenéion

of the ATS-F project, possibly using more sites, more and different services,
and possibly greater efficiency, as it could dedicate its entire capacity,
24 hours/day, to sexvice Alaska. Another pessibility is the sharing of its
use with the other ATS-F HET participants in the Rocky Mountains and
Appalachia. However, this would not permit 24 hour/day emergency telephone
communications in Alaska.

The original ATS~F satellite may well have a life span of several
years and be able, once it completes its year serving India, to return and
serve Alaska and/or the other U.S. participants. This would still leave a
gap of one year in the U.S. service. This gap could be filled (if the F'
could be launched on time) and result in a several year period where two
satellites were available to service Alaska, the Rocky Mountains, and

Appalachia, or even other experimenters. At the end of the somewhat
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unpredictable life span of the F and F' satellites, a new satellite could be
launched to continue the service.
The main disadvantage of the 2.5/X GHz system is the cost of the

satellite in order to serve a region as "small" as Alaska. At this

frequency a large satellite antenna is required. This is itself expensive
and requires a large and expensive launch vehicle. Overall the cost could
be about three times the cost of alternative systems and would make the cost
of a "back-up" (in case of failure) satellite in orbit, or even on the ground,
of questionable feasibility. To avoid this problem a 2.5 GHz satellite with
a small antenna could be purchased for far less cost. This would cover the
entire U,S., plus Alaska, but in so doing would dissipate much of its power
over the large area so that a much lower (perhaps even marginal) quality TV
would be possible. There would be a distinct advantage in this natfionwide
coverage option in that TV programming, a critical factor, could be mutually
shared among all participat}ng states. This would bring more high-quality '
general purpose educational programming to Alaska, but would limit service

of Alaska's unique needs. Such a scheme is also dependent on the simultaneous
development of a social service satellite project on a nationwide basis and

is thus organizationally, politically, and administratively more complex

and problematic.

The system is called the 2.5/X becagse.it is not known what

uplink frequency (X} would be used. The present ATS-F uses the 2.25 GHz
vand for uplink, but is doing so only on a temporary and conditional

license since this frequency use on uplink may interfere with
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oéher important uses. It is improbable that continued use and/or an expanded
number of sites in Alaska or elsewhere would be regulatorily possible. 1If
not, then another frequency (e.g., 6 GHz) would have to be used. This brings

up problems which will be discussed in the 4/6 GHz system.

The 4/6 System: This is the standard commercial system. An existing

Canadian satellite (Anik), a U.S. satellite (Westar) and another proposed

U.S. satellite (by RCA) are possible service providers. Thus, satellite
capacity exis;s today and is highly developed. Basic telephone service may
be possible with relatively inexpensive terminals ($20,000). Such a
technology has been experimentally developed and demonstrated. Provision of
TV over such inexpensive stations and using standard communicatinns satellites
,is highly questionable. Most probably TV would réquire larger and considerably
more exbensive ground stations. The fact that the satellite capacity exists
and will increase removes the immediate capiéalization problem for Alaska
whose cash flow will be large a few years from now, but is presently

minimal. Also, the general purpose nature of the satellite capacity'means
that Alaska need only pay for whatever use is required at any time. This
system offers potential immediate service and is the only one to do so. In
practice this may be of less importance Since the bidding, selections, manu-
facturing and installation process make any real service offering : 1 much

less than one-year almost impossible.

Television service using expensive ground terminals will probably be
prohibitively expensive for most villages. Thus, a major need and goal of
,

Alaska will not be met. Raising satellite power to make it compatible with

less expensive ground stations may be expensive due to lack of established
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hardware at the frequencx. Also it is questionable whether regulatory
COnéidetations (FCC) will permit either high-power satellite transmissions
which might interfere with ground or other satellite service in this

heavily useé commercial frequenéy or small earih stations which might

scatter upward transmissions over large areas of preeious orbital space.

The terminals, though "inexpensive" relative to commercial in#tallations, are
still more expensive than competing systems discussed here, mostly because
there ére limits imposed on satellite power, uplink power, and antenna size,

not by the technolugy per se, but by the heavy use of this frequency band.

The 12/14 System: This high frequency band is lightly used at present.
Therefore, very high power satellites may be used in conjunction with quite
small low-cost earth stations. Present estimates of receiving TV earth
station cost are about $1500 within a year or two and eventually in the
hundreds of dollars range. Local ground transmitters can be made cheaper
than at other frequencies, because Of the very low output power requirements.
Also they consume much less electrical power - an important consideration
in the bush. The high frequency makes small antennas possible, both in the
satellite and on the ground. Thus, all elements of the system can be made
inexpensive. Furthermore, it is possible at this frequency to cover
efficiently almost any specified area (e.g., Alaska) with beam shaping,
thus minimizing wasted energy transmission. There is enormous bandwidth
capacity, so ghat all Alaska's communications needs for the fore;eeable

future could be handled. Clearly, there are many technical reasons which

point to the conclusion that the 12/14 system might ultimaﬁely be the system
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of choice for intra-Alaska commuhications.

’ The greatest disadvantage of the 12/14 system is that it is a
new technology and the least well developed of the systems discussed. The
high power transmitter tube has been developed and tested for the CTS
(Communications Technology Satellite), a Canadian/U.S. joint endeavor scheduled
for launch in‘1975. However, this tube (a traveling wave tube) has not been
proven in satellite service. The low-cost ground stations are under develop-
ment in Japan, but are not yet available, tested, or proven; nor has their
cost been established, in fact. This is a higher risk alternative and may
take a year or so longer to implement than other systems.

The fact that 12/14 is suited for accurate beam coverage of Alaska,
while making the system an efficient special purpose communications system,
limits its utility for covering other areas such as the lower 48 or a
portion thereof. This implies that the entire system (e.g., two TV channels
and several voice and radio channels) would be dedicated to and charged to
Alaska. The State would be "stuck with" the full expense and thus forced
to rapidly develop the programming, organization, service, etc., required
for a full-time telecommunications system. This Qould involve considerable
expense in money, talent, and othgr resources, Oﬁviously, this system
requires considerable organizational and regulatory consideration.

A basically intra-Alaska system would not solve the external communi-
cations needs of the State. There are two solutions to that problem. A
spot beam from the satellite could be difected at a major communications

center in the lower 48 and there interconnect with the international and
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national system: or one or a few commercial stations, located in Alaska(s
maj;r cities and operating with the commercial domestic satellite system‘
could provide the interconnect. 1In either case, both bush and interstate
traffic would be covered.

Some early (1976) experimentation would be possible at 12/14 using
the CTS system. 1If a decision had already been reached to use that frequency,
the CTS would enable an early beginning of some sort of service. If the
decision were put off, awaiting results of the CTS experiments, the complete

system would be substantially delayed.

The Hybrid System: There is no basic reason why both voice and TV
traffic must be accomplished on the same frequency band. It is possible
to operate, say, the telephone system at 4/6 andlthe television broadcasting
at 2,5 or 12. There are difficulties with dual-frequency antenna feeds
which would incur additional expense and poséibly performance degradation.
It is also possible to operate with more than one antenna, if this proves
cheaper or otherwise more desirable. While the inherent disadvantages of
* such hybrid operation are obvious, there could‘be practical advantages to the
overall system which would make it most cost-effective. Such a technical
possibility deserves consideration and should not be excluded from

alternatives to be considcred.

The Timing Problem and Interim Solutions .

While complete certainty of information will never be achieved, it

seems premature to proceed with a system choice without knowing the actual
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alternatives, costs, and timing which the market will offer. It follows that
somé‘delay is necessary before a choice is made. Adding this to lead times
required for specification, bidding, evaluating bids, construction, installation
etc., it is clear that the overall system will not be achievable for 2-3

years. Meanwhile, the need, most dramatically for emergency communications,
but also importantly for educational, informational and personal communications,
exists right now. What limited service ATS-1 has offered has had dramatic
results in medical treatment. Unfortunately, that satellite has outlived

its time and may cease operating any day. Many communities have come to

depend upon it and radio communications, never very satisfactory, have

fallen into disuse where the ATS-1 serves.

It is possible, and perhaps within a year or less, to initiate 24;
hour telephone service using existing commercial satellites and fairly low-
cost earth stations ($20,000 ea for 2-way terminals). These could provide
minimum interim service of voice only or equivalent fax, data, computer feeq,
slow scan TV, etc., until the final system was chosen, acquired and operating.
The problem with this approach is that some portion of the equipment may
become immediately obsolete when the final system'begins operation, that is
assuming the final system operates at-a different frequency than does the
interim. The cost of the obsoleted (not wasted actually, but rather amortised
over a shorter interim life-span) portion of the equipment can be minimized by
proper specification of "convertib le" equipment in selecting interim hardware.
There is reason to believe, but no certainty, that the majority of the

terminal equipment, in cost terms, would be usable at any of three frequency
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bands discussed here (as well as others if appropriate). Such "convertable”
equipment, if manufacturers can actually deliver it to specifications, could
reduce considerably the cost of interim service. This situation is being

investigated in connection with an Indian Health Service project (see Tab A -

a memo on the subject).

The Carrier Problem

It is one thing to select a technology that offers the best service;
there must also be an entity which will make that technology and that service
available. That entity must meet the requirements of and be authofized by'the
FCC. Some satellite and equipment manufacturing companies may not choose
or be able to operate as a communications carrier so it would be necessary
to find or create such an entity. This process would additionally complicate
and possibly delay the development of a satellite communication service.

The possibility of Alaska forming a public communications utility also arises.

-

This would require both substantial funds and professional talent.

Tentative Conclusions and Recommendations

1. DHEW's interests are congruent with Algska's overall interests in
seeing that an adequate telecommunications system exists to serve their needs.

2. An integrated system serving all users is the most cost-effective
approach.

3. A final decision on the ultimate system cannot be madé until
realistic information on availabilities, costs, and timing are available.

4. Competitive bidding is the best and perhaps only way to obtain

the above information.
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) 5. DHEQ should take the necessary steps to encourage a competitive
bidding situation.
6. An interim system should be considered as the only way to satisfy
short-term Alaskan needs. A variety of users may wish to participate.
7. Any interim system will be experimental and should be of limited
extent, at least until the technology and oper%ting system are proven.
8. Any interim system must be implemented so as to be convertible at
minimum cost to altemmate frequencies.
9. DHEW should provide continuing technical, analysis, and liaison
support to the Alaskan telecommunications project for two reasons:
a. To assure that any Alaskan telecommunication systeta meets
thé health, education, and other social service needs of the
people of Alaska in fulfillment of DHEW's relevant responsibi-
lities.
b. So that the technological and service experiments and experi-,

ence can yield benefits to other potential users, including

statewide, regional, or natioral social service systems.
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ATTACHMENT XI.10 .
Review of RCA Small Station Request for Proposal
RCA Alascom has issued a 1equest for prOposale to equipment manu-
facturers for small earth stations (RCA Alaska Communications,.Inc.,

1974) . Following are analyses of some of the major aspects. of RCA's

system design.

(A) Station Cost

A satellite ground station has four main components (see Fig, A),
If a higher performance option is selected for one of the components,
lower price, lower cost components can be used in the rest of the station,
The combination selected by computer optimization (Attachment XI.4) was used
in the Point Reyes station (Attachment XI,5) The way RCA's request for
broposals (Reference 1) is worded does not allow this lowest cost system
to be bid. This is best illustrated by comparing the components specifi-
ed by RCA with the performance actually needed to provide the required
communications,

The channel equipment specifications (Reference 1, page 30) allows
two approaches to be used, FM or Delta Modulation, However, the Califor-
nia Microwave System, used by General Telephone and Electric in satellite
stations in Brazil and Algeria, would not meet the FM specifications the
way they are stated,

This optimum FM equipment costs the same or somewhat less than the
Delta Modulation equipment RCA specifies, Its main advantage is that it
can provide toll quality telephone servicc with a signal that is five
time Weaker‘than that needed for the Delta Modulation or other FMvSYSteer

~ This performance allows major reductions in performance and cost of the ==
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Antenna

Figure At Satellite Ground Station

other station components, But RCA's specifications do not reflect this
possibility,

RCA has proposed communications only through the large stations in
Lena Point or Talkeetna (Reference 1, page 1-3). Though this presents a
serious time delay (Section C), we will accept it for the moment and
contrast the specifications actually required for the optimum FM systen
with those RCA requires in their request for proposals,

The transmitter that is suitable for this scrvice to large stations
actually requires output power of only one watt; RCA's specification
(Reference 1, page 3-17) calls for a 100 watt transmitter. Not only is
the transmitter far more expensive than needed, but the electric power
required from the village supply will be much more,

The Preamplifier that is suitable for this service can have a noise
temperatdre of 520°K; RCA's Specification calls for a more sensitive

Preamplifier with a smaller noise temperature of 300 x (Reference 1, page 3
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This specification is not only more stringent, but it does not correspond
to a standard component., Inexpensive transistor amplifiers are available
in the 520°K range, Very expénsive parametric amplifiers are available
at IOOOK or better, But none exist in between,

The FCC's concern with satellite interference with this antenna is
discussed below (Section B). In addition, the FCC specification provides
for protection of nearby ground systems, To mect this Specificatioﬁ
would add about 80% of the antenna cost (Attachment XI.5). The FCC allows
for local coordination in lieu of meeting the specificatién, but RCA
requires this antenna protection (and the extra cost) even though there
are no systems in the vicinity of the small stations to be interferred
with,

The parameters discussed above are the key ones that determine the
station cost. RCA specifications are not discrepant by small amounts
that can cause small cost differences but are discrepant by very large
amounts on all station components, A station bid to the RCA specifications

will cost two or three times as much as the lowest cost alternative,

(B) Antenna Interference

There has been a question from the start whether the Federal Communi-
cations Commission would allow satellite stations with 10 ft. antennas.
It was originally thought that the FCC would require antennas 30 ft, or
greater, If this were done, it would virtually preclude satellites from,
being used for Alaskan rural communications; such antennas would add
well over $100,000 to the Station cost, putting them economically out of

reach of small villages,
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The FCC!'s concern is that signals transmitted to one satellite in
synchronous orbit may interfere with another satellite nearby, Stanford
and others (FCC 73-31k, Docket No, 19495} urged that the FCC provide
protection by specifying the electrical characteristics of the antenna
rather than by an arbitrary limitation of antenna size, This would

allow antenna manufacturers to satisfy the FCC's concerns with properly

designed low-cost antennas, The FCC accepted this approach and adopted

the performance pattern shown in Fig. B

Antenna Gain, dB above isotropic
30t -
.\\\~_~.RCA'Request for Proposals (Ref, 1, page A-3)
20 L __\
;
10 + SRS B ]
!
| i
f ' Degrees from
| . . Axis
0 5 4 b

Pigure B, Antenna Sidelobe Performance
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The 10 ft. antenna demonstrated at Point Reyes met the FCC specifi-
cation for protection of adjacent satellites CAttachment XI.5) and this was
demonstrated as part of the test program,

The low-cost stations, while meeting Alaska'e communications needs,
would also introduce vigorous (and not very welcome) competition to the
communications industry, It is, therefore, extremely important that the
stations meet the FCC specifications and avoid any excuse for a protest
on technical grounds,

The request for proposails (Reference 1, page 3-12), in the first
senteénce requires the FCC‘specification to be met; but in the next
sentence, allows a performance that clearly violates the FCC regulation
by about L dB (See Fig. B).

The way the station is specified greatly increases the chances that

it would be challenged and perhaps turned down for non-conformance to

the FCC regulations,

(C) satellite Time Delay

Communications satellites are located about 22,000 miles above the
equator, Radio signals make the trip up to the satellite and back in
about 1/3 second. The time for a comment to travel from the caller
through the satellite to the listener and the response to travel back
through the satellite to the caller is twice as long, about 2/3 second,
This 2/3 second response delay is noticeably on satellite calls to the
lower 48 etates, but is quickly adapted to in normal conversations,

Because the RCA small stations are specified to communicate only
through the large Lena Point or Talkeetna earth stations (Reference 1,

page 1~ 3), a call from one small earth station to another Small earth
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station must travel through the satellite twice. A comment travels from
the caller through the satellite to Talkeetna, back out through the
satellite again to the listener, and the response similarly goes twice
through the satellite on its way back to the caller. The response delay
is about 1 1/4 seconds,

This long delay is much more noticeable and bothersome to conversa-
tions, (The delay is about half as long as the delay encountered by the
astronauts when they were on the moon,) The delay is sufficiently dis-
turbing that ATET will not accept phone calls with two satellite hops;
thus, if Bethel communicates to Lena Point via satellites, calls to the
lower 48 states have to be routed via land lines to avoid a second satel-
lite link,

Most of the communications needed by the'Alaska Area Native Health
Service would tave to nave two hops under such a system, For this reason,
the optimum station demonstrated at Point Reyes was designed to communi-
cate with another oi the same size (Attachment XI.5) avoiding the double
hop, This requires a transmitter of 30 watts rather than the one watt
to transmit to the large stations (Section A). This 30 watt transmitter
is still far less expensive than the 100 watt transmitter RCA specified,

Thus two hop service is not acceptable -to communicators and it is

possible to avoid it with proper system design,

(D) Microwave Hazard
Microwave radiation is obviously a very sensitive area that should
be treated with care, The concern is that the microwave energy,transe

mitted from the antenna'may have power levels high enough to constitute

a health hazard,
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The radiation limit set by the Occupational Safety and Health Act
of 1970 is 10 mw/cme. Calculations indicate that with a normal antenna
and a 50 watt transmitter this level is exceeded only in an area within
the antenna volume near the feed (See Fig, C-a). This area is easy
enough to protect people from simply by using the antenna structure to
prevent easy access,

However, RCA neglects to consider that with the Cassegrain antenna
type they have allowed in their request for proposals, there is a danger
zone in front of the antenna, This is where energy from the Feed Horn
spills around the Sub-Reflector (See Fig, C-a), It is hard to protect
people from this radiation since it extends in front of the antenna
structure for about 10 ft, and is near the ground, This presents another
point on which the FCC could reject the application,

The problem is readily rectified by using the alternative antenna
type (Newtonian) as was used in the Point Reyes station., With this de~
sign the cnergy is directed initially back toward the antenna and the
high radiation i8 all within the antenna volume (Fig. C-b). In this
figure, the danger zone is shown for a 50 watt transmitter and for
30 watts as required in the optimum configuration., Figure C-d shows
the area for 5 watts, which is the amount required for 5 circuits in the

future, if RCA's satcllite carries the proper transponder gain (See

Section E),
The serious long-range worry is that RCA will not modify their
satellite transpohder gain, 1In this event, future expansion of the

system with multiple channels and with direct communications between
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small stations will require far more power than the 50 watts of RCA's
present pronposels, . It will require at least 150 watts 1if they-chose the
optimum modulation, 750 if they use the Delta Modulation system, To
generate this power, with the inefficiencies of multi-channel transmittere,
will require transmitters capable of 600 to 3,000 watts.

The RCA request for quotations specifies 100 wattsi(Reference 1,
page 3-17). RCA also requires that the equipment be easily upgraded to
300 watts (Reference 1, page 3-22). And the antenna is required to be
usable to a power of 3,QOO watts (Reference 1, page 12),

A power level of only 180 watts creates a hazardous microwave
radiation level in the near field of the antenna (see Fig. C-c),
Because, for Alaska, the satellite is very low in the sky, this beam
shines almost directly towards the horizon, To protect people from
this hazard, the antenna would have to be mounted on a tower or hill,
incurring significant additional expense, RCA makes no mention of such
precautions in their documents, |

If the satellite transponder gain is set properly (Section E), the
transmitter level required would be only 5 watts and the hazardous

area would be restricted to a small area within the antenna (Fig, c-d).

(E) RCA satellite Transponder Gain
The satellite transponder gain determines what strength signal

from the ground is needed to get the desired power out of the satellite,

The best setting for the transponder gain is heavily dependent on the

size of the ground stations using the satellite. The Anik-satellite has

~been set optimally for communication between large ground gtations

suitable for trunk lines between major cities, Similarly, RCA's preSent~
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satellite design calls for a transponder gain setting appropriate for

I
communication hetween San, Francisco and New York o between Buch cities

and Alaska,

The importance of the correct value of transponder gain in satellite
systems design is illustrated by the two sets of 1link calculations
shown, below, The set on the¢ left is based on the current Anik satellite
transponder gain of 114,9 QB/dB/mz. Notice that for this gain the
up-1link C/KT is 23,9 dB "cleaner" than the down-1link C/kT (i.e., the
dovn-1link is almost 250 times noisier than the up-1ink).

There is, obviously, no need for such a clean up-link, especially
since it has to come at the expense of a much larger than optimal up-link
power requirement and would not be needed with a proper setting of the
transponder gain, (It may be helpful in considering this unbalance in
C/KT to remember that when combining two C/kT ratios differing by 6 dB,
the total will be only 1 dB below the smaller of the two.) A dramatic
reduction in up-1link power is possible merely by increasing the gain of
the transponder, In terms of baseband noise contributions, an increase
in the transponder gain would permit a large increase in the noise con-
tributed by the up-link and require a very slight decrease in that con-
tributed by the down-1link, thus narrowing the difference between up=-1link
and down-link C/kT,

For the sake of illustration, the set of link calculations on the
right assumes a new value of transponder gain equal to 133 dB/dB/ma.

The same overall C/kT is achieved, yet‘the up-link power per channel has .

been cut from 30 watts to less than 0.6 watts,
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LINK PARAMETERS

Up-Link Frequency 6.0 GHz
Path Length to Satellite %41173.0 km
Down-Link Frequency 4.0 GHz

Satellite G/T =-- On Axis

-7.0 dB/Deg K

Satellite Intermod Relative to EIRP -15,0 dB
LINK CALCULATIONS
Transmitter Power 14,8 dB -2.3 dB
Station Antenna Diameter 10 ft 10 ft
Transmit Gain 43,0 dB 43.0 dB
Transmit Line Loss 1,5 dB 1,5 dB
Flux at Satellite -107.0 dB -124,1 dB
C/kT Up T4.6 dB-Hz 57.7 dB-Hz

Satellite Transponder Gain

114,9 dB/dB/m® 133.0 dB/dB/m>

EIRP fron Satellite 7.9 dB 8.9 dB
Receive Line Loss " 0.8 dB 0.8 dB
Preamplifier Noise (TDA, 4,5 dB NF) 525.0 Deg K 525.0 Deg K
System Noise Temperature 570.0 Deg K 570.0 Deg K
Receive Gain 39.5 dB 39.5 dB
Receive G/T 11,6 dB 11,6 dB
C/KT Down 50,7 dB-Hz 51,7 dB-Hz
RF BandWidth 20.0 k}’z 20.0 kHz
C/IM Noise Density 58.0 dB-Hz 58,0 dB-Hz
C/KT Total 50,0 dB-Hz 50.0 dB-Hz

Since Anik is already in orbit, the penalty on the ground stations
must be aécepted in the first phase, The 30 watt transmitter (14,8 dB)
in the ground station is what is needed for small stafion-to-small-station
communications, With the proper gain in RCAYs satellite, less than one
watt (-2.3 dB) would be adequate,

Looking to the'future, additional ¢ircuits are anticipated in the
small ground stations, If 5 circuits are needed, a 600 watt transmitter
would be required with the present RCA satellite desikn. (This increase
accounts for reduction in efficiency when several circuits are run

through the same transmitter,) This would make a major impact on the
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station cost and demand on local electric power, If RCA elects tb use
the less efficient Delta Modulation channel equipment, 5 channels would
require a 3,000 watt transmitter, a very sophisticated and expensive
system to put into a small village,

The satellite transponder gain can be set to greatly reduce this
problem, With the proper setting, 5 channeis can easily be transmitted
through the 30 watt transmitter,

The RCA satellite will carry 24 transponders, all currently planned
to be set for big city communications, If the satellite is to sgerve
Alaska, it would seem appropriate to have at least one or two of the

transponders set to meet Alaska's rural communications needs,
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