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SECTION 1
THE APPLICATION TECHNOLOGY SATELLITE PROGRAM

1.1 INTRCDUCTION

During the late Z,9i60's, the a,rtificial satellite emerged from the
experimental realm to Become a valua‘ole operational tool in the fields of
communicatlon,i navigation, meteorology, and for the acquisition of
earth resources data, The Appllcatlons Technology Satellite (ATS) program,
directed by Goddard Space Fllght Center of NASA was a major contributor
to the growth of satellite technology during the 1960's,

The ATS program initiated the use of multi-missioned satellites as

-an economical approach to space applications developmeht;} Five satellites

were launched between Decerﬁberé 1966 and August 1969”;lh'o§wever, only three

of the five achieved the desired orbit. The ATS satellites which achieved

orbit, along with some cof the major contributors to space technology prior

to the ATS program, are shown in Table 1.1.

The successful series of passive satellltes, which were simpler
but required enormous ground transmitter powers for effective communi-
cations, were followed by a generation of active wide bandwidth systems
capable of carrymg a television picture or the equivalent, TELSTAR and
RELAY satellites examined the possibilities and proved the feasibility of
worldwide satellite communications using medium, altitude (up te 10, 000 Km)
orbits, The major disadvantage of this system was the problem of

achieving smooth hand-over from one satellite to another, when the first

~was passing out of the area visible to both*the transmitted and receiving -

ground Stations. .

The SYNCOM program was fLI‘St to mvestlgate the use of satelhtes in
geostatlonary altLtude (about 36 500 Km). At this altxtude, the spacecraft
remains at or close to a flxed pomt above the equator, Commonications' ‘

links to all pomts on earth except for relatlvely small areas near the poles -
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TABLE 1.1

SATELLI7'E CONTRIBUTIONS

Satellite/
Department

SCORE - DOD
COURIER - DOD

WESTFORD - DOD

ECHO 1 - NASA

TIROS I - NASA

TELSTAR - AT&T ~ BTL

TELSTARII ~ AT&T - BTL
RELAY I, RELAY II - NASA

SYNCOM II - NASA

ECHO II - NASA

SYNCOM 1II - NASA and
DOD G -

NIMBUS - NASA

EARLYBIRD - COMSAT
CATS
ATS 3

ATS 5

Date

Launched

1958
1960

1960
1960
1960
1962

1963

1962
1965

1963

1964

1964

1964

1965

and

1966

1967

1969

1-2°

Contribution

Recorded message from President
to world.

Delayed repcater - investigated store-
forward and real-time capabilities

Tiny resonant dipoles dispersed in
orbital belt for communication by
reflection,

Passive communications using inflatable
sphere of aluminized mylar. )

Monitored global weather conditions and
cloud cover. Television and infrared
observation satellite. Predecessor of
NOAA series.

Active wideband communications.

" Launch and early orbit determination

done by NASA.
Sarne as above,

Television and voice experiments between
United States, Europe, Brazil, and Japan.

Demonstrated station keeping and orbital
control principles. - International communi-
cations. First use of Goddard range and

- range-rate,

.~ Same as ECHO'I, plus collaboration
with Russia.

“First stationary orbit. Wide and narrow '

band repeater for all modes of communi-~
cations between Far East and the United

States,

Improved over TIROS, incorporated
earth stabilization and modular con

- construction.

Operational communications: ~Launch and
early orbit determination done by NASA.

Stationary orbit, Electronically despun

antanna. Multiple-access. High resolution
camera. : E v

“Stationary orbit. - Mechanically despun

antenna. Multiple access. - High resolution

color camera.

- Stationary orbit. L-band repeater., Failed
‘to: stabilize but still useful in spinning mode.




are then possible using three synchronous satellites, In this case, there
are no tracking and hand-over problems. However, because of greater
distances, more capability is needed in the electronic equipment. The
SYNCOM program demonstrated that the problems of geostationary orbit
achievement, station keeping, and the time delays in two-way message
traffic were solvable and therefore are considered the forerunners of the

present operational geosynchronous wideband communications satellites,

Perhaps the most significant event to influence development of
satellite communications systems was the passage of the Communications
Satellite Act by Congress in 1962, This act allowed the creation of a private
organization, subject to government reglﬂatlon, ""to plan, construct, and

~operate commercial communications satellite systems. " As a result,
"The COMSAT Corporation' was formed to develop the oommercial aspects
of communications satellite systems, while NASA concentrated on advancing

the state-of-the-art by continuing the experimental satellite programs.,

The ATS program e\folved directly from the SYNCOM program, em-
ploying many SYNCOM features, including the synchronous altitude technique
and spin- stabilization. ‘The underlying rationale of the ATS program was
the development of a multi-mission spacecraft with a large adaptable volume
for mounting payloads., The entire ATS effort was aimed at advancing

ktechnology in the fields of communications, meteorology, and nav1gat1on,

by improving spacecraft systems.

1.2 OBJECTIVES
The original ATS program had three basic objectives.

e . To‘evaluate the use of gravity- gradient's’tabilization at 7
medium altitude followed by an evaluation of the technique synchronous
altitude. '

) ‘ To demonstrate the feasxblhty of VLsual imaging, communlcatton,
and envxronmental measurement using san- stabilized spacecraft at synchronous

altltude_.
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. To conduct a set of technologlcal experrments utlhzmg

a gravxty-gradtent stabilized satellite, in geostatlonary orbit,

Within the framework of these three initial basic objectives were the

following specific objectives for each of the experiment groups.
' i B

[

S)’rs’tems Performance Experimentsr

. To obtain data on the performance and life of the spacecraft
struct‘ures. |
L _ .
® To obtain data on the performance and life of the powe.r supply.
LI To obtam data on the performance and life of the spacecraft

control subsystems,

L To obtain geodetzc data, specifically with regard to improved

}

knowledge of the location of the stationary orbit stable points.

e  To obtain data on the disturbing torques and effects of thermal

bending of the booms,

L To evaluate the performance of the different damping systems

7 by observing their restoring ability and time constant (when subjected

to "predetermined disturbances) obtainable from the spacecraft,

g ~ To evaluate the performance and life of the electronlcally

controlled phased array antenna and the mechanlcally despun antenna.

C onlmuni cations Experiments

o " ITo evaluate the performance and life of the communications

' transponder components.

& . To evaluate the mu1t1p1e access capablhtles of Single Sldeband/‘

Phase Modulated systems. :
) ,

LA To anestlgate feaSlblllty of communication thh mobrle users,
@ . To obtain propagation data for millimeter wave frequencies.
1-4




Navigation Experiments

' U 'To obtain improved range and range rate measurements,

L To evaluate the per:for”mance of the ranging altitude technique

and Omega position location technique for navigation.

Me t‘eo"rological Experimeénts

. - To investigate the nature of short-lived meteorological
phenoniéna. .
® - Tomake detailed obsér,x}afions of different parts of the

earth's cloud coverage using a high resolution camera,

Envi ronmental Measuring Experiments

o To obtain continuous radlatxon levels both at 6, OOO-mLIe

‘altitudes and at synchronous orblt altitude,

o To assess damage caused by the small "space dust" particles

to reflective surfaces by erosion processes,

L To measure the density, energy, and dll‘eCthLty‘ of protons
; and electrons in space.
. To measure the strength of the earth's magnetic field.

This compendium is primarily concerned with user experiments in
the areas of communications, navigation and meteorology., Systems per-
formance and spacecraft environment measurements are not classified

as user experiments,

1.3 SUMMARY OF ACHIEVEMENTS AND CONCLUSIONS

The ATS program was started in 1966, apprOXLmately three years

after SYNCOM'S succes sful demonstration of the feasibility of geosynchronous :
’communlcatlons. Of. the six Applications Technology Satelhtes launched ‘
smce then, four achleved orbit and now represent the largest class ot geo-

sy'nchronous communlcatlons satelhtes in use,
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After ten years of experimentation, NASA funded a contract to
I summarize the ATS experiments in order to give the congress and the
public an accounting of the expenditures for the ATS-1, 3, 5 program,

In order to make such an accounting meaningful, it is necessary to

examine the goals of the ATS program, which were as follows,

1. Study the space environment and develop the technolegy

‘of space-communications,

2, Provide an opportunity for the transfer of the technology

' so that it may be used for new applications.

Those experiments conducted by NASA and its contractors for the purpose
of achiev'mg the first goai are usually called science experiments, Those
experimeﬁts‘conducted for the purposes of achieving the second goal

have become known as user experiments. User experiments are further
characterized by the requirement that the experimenter provide the fﬁnding
for ground equipment, with NASA provlding‘only the time al_l.oeationvon the

spacecraft, The results of the science experiments provided a wealth

of new knowledge pertaining to the space environment and the technology
: required for space communications, However, the value of ‘this knowledge

as judged by the congress and the public may be quite different from the

value as judged by NASA. This external judgment of the success in achieving
the first goal requires an assessment of the value of high technology to the

nation,

Ore function of NASA as defined in the Space Act of 1958 is to develop
the technology required for the U.S.A, t’o m’ain’ta'in world leadership in
the peaceful apphcatlons of aeronautlcs and space for the benefit of this

country and the world 'I‘th means that the U.S. government assumes for

its industry and public, the risk of so_me major research and development
progranis. As an example,‘ it W,ould'hevebeenvﬁna'.ncially impossible for a
- single corporation to demonstrafe the f_ea;s.lb'ilityfof.:vgeosynchrono'us communi-

~cation satellites. Because the-gev'e-"rnmeﬁt"avsusuﬁa_ed this risk, a new industry
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was developed. Now, U,S, corporations involved in this industry market
their technology and services in the U, S, and abroad and are presently

paying more in taxes than the government is spending for its space
communications program, Furthermore, as a result of the ATS program,

U. S, industry has developed the MARISAT, AEROSAT and DOMSAT programs
which will bring further gi‘owth in the space communications industry.

These results flow from the first goal; Whether they justify the funds spent

is a judgment reserved for the public,

Before addressing the second goal of the ATS program, a review of
the history leading to the formulation of that goal may be beneficial,
During the early 1960's the space agency was committed to President

Kennedy's mandate to reach the moon and return before the end of the decade,

In addition to the efforts of the Apollo Program, the agency continued its work

in researching and developing high technology, In the pursuit of these
latter, less publicized efforts, NASA became aware of the potential benefits
to be derived from space technology and in particular the benefits to be
gained from space communications. In order to accelerate new applications

and the transfer of space communications technology from government

_research programs to development by the private sekCtor', a decision was

made to give interested parties outside the agency the opportunity to perform

communications experiments with the ATS satellites. The requirements were

" that the interested party must formulate an eicperirnent plan including ani

objective, a description of the expenment a schedule, a method for

obtammg the necessary funding, and flnally, and most meorta.nt to

- publish a report of the results. In return, if the experxment was approved,

NASA agreed to supply time allocation on one or more of the ATS spacecraft,

Corporations, universities, governments and government agencies

~and a variety of other mstLtutLons responded to the Opportunlty. To date

the AT S- __1, 3 and 5 user experiments summanzed in thxs document number

‘more than one hundred - Some may appear to have been more successful

than others but rather than perform such subJectwe speculatlon, l.t is more

1-7




important to examine the experiments and results in the context of NASA's
goal of providing opportunity for the transfer of technology. The
opportunity to participate was made availabie to all interested parties.,
There is no doubt that advertising for the program could have been better,
but this would have required additional funds. It is also questionable as
to whether more and better advertising would have produced more and

better experiments,

The ATS 1, 3 and 5 experiments can be divided into the categories
of education, health and other. Nearly all of the experiments that could
be classified under the category "other' were conducted by engineers and
scientists or by an organization with ready access to a scientific and
engineering support staff, Such was not the case for most of the experiments
classified under health and education, The 'impllcations of this did not seem
to warrant much attention during the years from 1966 to 1974, but in fetrospect

seems to be an important item.,

The usual characteristics of the education-health experiments
consisted of one or more of the following: remote regian; low traffic
density; wide bandwidth requirements (greater than one telephone line);

‘ public services; long distance transmission, These chafac}teristics’usually'
render common carrier service unprofitable and expensive. ATS 1, 3
and 5 clearly demonstrated that there are uumerous potential users of

‘tth type spread over the entire globe. Usually, the communications
mdustry cannot afford the cost of aggregating thls type of market and so

the market is neglected because of poor profit potential,

u Recallmg that some experlmenters had technical support while
others did not, one would suppose such heterogenelty may be a source
of problems. One potentlal source of problerns was the uncertamty
v concernmg the bonds of comm lumcatlons actlvxtles which NASA could
| sanctlon under the guise of experlmentatlon by ATS 1 3 and 5 users; wifhout

becommg a comp_etltor of c-o_mmon earrlers. Another p-fobl'efn was that
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WASA did not provide funding or technical support to experimenters, and

so this often forced users to report to more than one agency, The geography
of the user experiments covered nearly all of the western world and added

to the complexity of coordination. Despite all of this, there were no

serious problems of failures, There were many misunderstandings caused
by the complexity and the fact that all parties were learning about an

entirely new entity, Experimenters learned what could and could not

be done well with satellites.’ ’I‘.he largest benefit received by NASA was

an understanding of the user's needs (both reai and perceived), The successes
may be attributed to the willingness of the individuals involved to solve the

problems and a generous portion of good luck.

Luck came in the form of corporaté proposals such as the General
Electric/Exxon maritime communicatiz 13 experiment, It is the opinion
of this writer that the report given NASA by the .GE/Exxonbéxperimenters
was the best experiment report submitted to NASA in the ATS 1, 3, 5
user experiment program. Some reasons for the excellence of this and

other similar experiments are as follows.

-

1, G.E, and Exxon are both market oriented organizations. |
2. Both have technical capabilities and experience.

3. The experiment was well defined and alternative modes of
communicétion were specified to give a basis of reference or

comparison,

Another interesting fact about the G, E, /Exxon report is that it was one

of the shortest user experiment reports submitted _to,NASA -énd it was

| very well written,

The characteristics of a ''good'' experiment (as distinguished from

‘a successful exp,ei‘irn_ent) will be similar to the three reasons cited above

: for’tﬁe G. E. /Exxon expe‘firﬁent.' In addition to these hdped-’forgqualitie‘s,” '

it would be desirable if NASA could profit from the knowledge gained

becausekNASA ernus't develop or evolve to ’the next step in the technology |
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transfer process., A background for what NASA seems to be learning from
Ge E. /Exxon and other non-government institutions is provided by a quote

from Theodore Levitt's book The Marketing Mode (1969, McGraw-Hill, p, 1).

"Last year 1 million quarter-inch drills were sold, ' L.eo McGivena
once said, ''not because people wanted quarter-inch drills but
because they wanted quarter-inch holes, !

""People don't buy products; they buy the expectation of benefits,
Yet narrow production-minded executives and most economic
theorists are resolutely attached to the idea that goods have
intrinsic properties. A loaf of bread is presumed to be quite
obviously something different from a diamond, Each is somehow
viewed as having inherent characteristics rather than as con-
veying benefits to buyers, This accounts in the business world
for pricing policies based one-sidedly on costs, and inthe world
of the economist for microeconomic demand curves that define
consumer utility as, at best, indifference functions.

Physics long ago abandoned the notion that things have intrinsic
or inherent characteristics, It is time that we do the same in
business. People spend their money not for goods and services,
but to get the value satisfactions they believe are bestowed by what
they are buying, They buy quarter-inch holes, not quarter-inch
drills, That is the marketing view of the business process.'
If such criticism apphes to Amerlcan business, it applies even more so
to the U, S, Government and to an organization such as NASA which,
until the end of the 1960‘3, had been its own customer, Technology
spinoffs which resulted from space hardware were fortuitous but unintended
" benefits until Congress asked the agency to devote a greater effort to
technology transfer. The portion of NASA devoted to the development of
technology has not bee'n espevclally product-or market oriented and to
expect such would be unreasonable, but such is not the case for applications

oriented pfro grams,

‘ To paraphrase the quote in terms of our discussion, people do not
want satellites or commumcatlons technology. They desire to commum.cate'
~and are merely seekmg a servxce, giving httle thought to how the serv1ce :
is being prov1ded. A thorough study of the G. E. /Exxon experxment will

demonstrate that this service or market orientation made the G, E. / Exxon




experiment a '"good" one and the capabilities of the experimenters made

it a successful one, It may be said that because NASA lacked this marketing
orientation the utilization of the ATS 1, 3 and 5 satellites was not as good

a s it might have been, Those organizations without the marketing orientation,
likewise, did not utilize their satellite time as well as those with it, This

is demonstrated by the trial-and- error approach of many of the experiments,
It must also be said that some of the health and educatibn experiments

were further hindered by a lack of technical support which could have been
provided by the Government (NASA) at the cost of cutting some other
program, (NOTE: During most of the ATS 1, 3, 5 years, large cuts were

being made in the space program.)

Most of the socially oriented experiments were conducted in the South
Pacific and in Alaska as stated previously, Very few alternative communi-
cation services were available to these experimenters; usually, the
experimenters were not engineers; and the experiments were conducted
over.a period‘of years, NASA's lack of a marketing orientation caused
some friction with these experimenters because the agency did not
genuinely understand that these geographic regions (Alaska and Hawaii)
offered few communication service alternatives to meet socialyproblem's.
The lack of marketing orientation impeded the progress of the experi-
menters because they were discipline oriented rather than communication
product oriented; this caused what appears to be a trial-and-error

"ap’proach. - Experiments ’and programs were not well defined except in some
cases such as PEA CESA’I“s inter-personal communications course at the
University of Hé.ﬁzaii and the Alaskan Village Doctor Call, In both instances
program content was usually well deﬁ'ned‘whicvh in tkurnk implies a well
defined communications product; the lnd‘icé.tions of a well defined product

are well defined results for the experiment.,

The lack of technical support for the socially oriented experimenters
simply caused delays and misunderstandings, * These matters would have

 been helped conskidkerably if NASA could have obtained f\inding for technical



support of experimenters; this situation has been changed somewhat in

the ATS-6 and CTS experiments.

In order to judge the success or failure of the ATS user experiments
program, one must examine the results of the program which now consist
of many volumes of reports., An attempt has been made to summarize those
results and present them in an orderly fashion in this document, It is
beneficial to consider what we have learned from ourselves and our experi-
menters and to use this knowledge for the development of new technology
and as a guide for the resources fequired to achieve the greatest value

from this technology,

The achievements of the ATS 1-5 program, with the exception of the
gravity gradient experiments, met or exceeded most of the initial objectives
as outlined above. Spin stabilized satellites ATS-1 and 3 were extremely

successful, and provided the most useful data, including many significant

"firsts! in space., Failure of the three gravity gradient stabilized space-
craft (ATS-2, 4, and 5) to achieve a stable orbit eliminated the possibility
of meeting the graviﬁy gradient stabilization experiment objectives,

ATS-2 and 4 failed to achieve orbit; ATS-5 did achieve the desired orbit,
but in a spinning, ‘stabilization mode. However, by modification of experi-
mental procedures, to account for the spinning spacecraft, substantial
data was obtained. As a result of this experim-entation, the ATS program
underwent a transition from the early emphasis on gravity gradient
stabilization and related experiments to emphasis on spin stabilized
spacecraft and communication hardware, techniques, and applications
compatible;-wi;th spinning spacegraft, The despun antenna technique became
a key feature bf the pirog}ra:m.‘ Applications to fixed s e‘r’v‘»i‘ces,‘ mobile
services, broadcasting,%v data collection, and propagation studies as well
~as navigation 'a.ppli‘cat‘ions received increasing attention as the program
progressed. Spacecraft life whicyh’ extended well beyond the three year

obj ective enabled the program to support’.nurnero,us experimental users

for eight years and longer.
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The initial environmental measurements objectives of ATS-1 were
met essentially as planned, The meteorological experiments related to
the spinning satellites met with particular success by obtaining the first
spin scan, high resolution, full earth, cloud cover pictures, The communi-
cations experiments in Alaska and the South Pacific demonstrated that

voice communications using small, inexpensive terminals was possible,

Other services performed by ATS-1 were the relay of special television
programs: the first splashdown of the APOLLO moonflight, EXPO 67
in Australia, and the Japanese Prime Minister's visit to Australia; relay
of special VHF communications such as emergency communications during
the Alaskan flood and magnetic studies at field line base; and relay of special
weather facsimile for air operations inthe Pacific. ATS-1 also gave real-
time data support to the ground stations operating with INTELSAT II and
to OGO-IV and OSO-1V satellites.

One of the most notable of the achievements of the ATS-3 satellite
was the first ground-to-satellite-to-airplane two Way communications link
over the Atlantic Ocean, This historic event took place on November 21, 1967,
during a Pan American flight from New York to London, The communications
engineer aboard the plane was able to maintain conversations with both
Pan American officials in New York and with NASA officials at Goddard
Spacé Flight Center. The Mojave ground station handled the experiment
controi. Transmissions to and from the aircraft via the satellite were
monitored at different places around the world as far away as London,

Hamburg, Frankfurt, and Buenos Aires. Another particularly notable

“achievement of ATS-3 was the high resolution color photograph of the full

eartﬁ obtained from the multicolor spin scan cloud camera. The imag e

dissector camera (IDCS) also obtained many cloud photographs, ATS-3

. perfo",rrﬁed many services including support of the APOLLO miss'ion's;
‘tel‘evi‘.sion covér:age of Pope Pa‘ul‘rs visit to Bogota, Columbia; special SHF

tests such as for the IEEE International Communicatién Conference; VHF
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relay of special commands to ATS-4 from Johannesburg; demonstrations
of automatic picture transmission at NASA headquarters by the weather
facsimile (W EFAX) experiment on-board the ATS-3; and real-time data
support of the OSO-IV satellite,

The NASA /GSFC L-band ranging and position location experiments,
conducted from the Mojave ground Station, demonstrated the ability to obtain
meaningful range measurements using PM tone modulation at L.-band
carrier frequencies, The experiment demonstrated the capability of obtaining
ranging measurements between an earth station and the ATS-5 satellite at
L.-band and C-band carrier frequencies, and evaluated the relative accuracy

to which those measurements could be made.

The Alpha II project for the United States Air Force (SAMSO), utilized
ATS-5 to demonstrate simultaneous L- and C-band ranging. In the Maritime
Administration experiment, L-band ranging signals were transmitted from
the Mojave ground station and relayed through ATS-5 to the USS MANHATTAN,
a tanker exploring the Northwest Passage to Alaska. Another Maritime :
Administration‘e‘xperiment was a successful test of real-time high speed
(100 me) teletype (TTY) using standard equipment and relayed through
ATS-5, two-way (not simultaneous), from Mojave to the ESSO BALTIMORE,
'Among the other tests and experiments conducted were the ionospheric
propagation tests; an experiment 1n\}ol§ring thrée grouhd stations at
quito, Lima, and Mojave that accepted fadiﬁg and fading rate data from
ATS-5 on Li-band and VHF simultaneously. The Federal Aviation
Administration/Boeing Aircraft Companyrconducted an experiment at |
: L-bé.nd frequency from ATS-5 to an aircraft that involved meésurements,of
multipath effécts and tone ranging. Other experiments were the millimeter
wave experimeﬁf for Goddard Space Flight Cenfer concerning the prOpagati.’o‘n ‘
correlation with 'ra_'tn, fading, and weather conditions at 31,65 GHz uplink
and 15,3 GH.z' downlink; and the Applied Information’Industries/Wallops

Island experiment in relative pos"Ltion(,r‘a‘nging)'.
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Table 1.2 summarizes the major technical achievements of the ATS~1

through ATS-5 spacecraft,

1.4 SPACECRAFT STRUCTURE

Two spacecraft stabilization techniques were used in the ATS program.
One was to satisfy spin-stabilized missions where the spacecraft was in
constant rotation, and the other the gravity-gradient concept where the space-

craft was passively stable in three axes., These stabilization techniques led to

the design of three:basic spacecraft structures: one for the spin-stabilized,

synchronous altitude configuratiori; one for the gravity gradient, synchrbnous
altitude configuration; and one for the gravity gradient, medium altitude

configuration,

ATS-1 and 3 are cylindrical, spin-stabilized spacecraft with solar-cell
arrays around their periphery (see Figure 1,1). The apogee motor is housed
in the thrust tube, The communication antenna protrudes from the end of the
spacecraft, Spacecraff components and payloads are mounted in the compart-
ment betweeh the outside of the thrust tube and the solar pahel.s. Reaction
control tanks and nozzleé are located in the plane of the spacecraft center

of gravity,

The gravity-gradient ATS-5 spacecraft (see Figure 1.2) is also
cylindyrical and consists of a central spacecrait compartment with solar
panels extending from both ends, The central compartments are thermally

insula ted and contain an active ,thei'mal control system since the satellite

- was not designed to be rotating, The center bay was used for component and

payload mounting. An apogee motor is mounted exté:nally to the aft end of
the ATS-5 spacecraft, 'I‘a.blé; 1.3 lists the géneral characteristics of

ATS-1, 3, and 5.
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"TABLE 1.2

ATS CHRONOLOGY

MAJOR ACCOMPLISHMENTS

STABILIZED

POSITION AND COMMENTS
_SYNCHRONOUS DEC 7, 150° W LONG DEMONSTRATED B & W SPIN SCAN CLOUD COVER
ALTITUDE ' 1966 CAMERA FOR WEATHER FORECASTING AND
- SPIN STABILIZED TORNADO WATCH
PROVIDED FIRST EARTH DISK PHOTOGRAPH
DEMONSTRATED FEASIBILITY OF ELECTRON-
ICALLY DESPUN ANTENNA TO IMPROVE ANTENNA
GAIN
DEMONSTRATED FEASIBILITY OF VHF FOR SMALL
STATION COMMUNICATION AND NAVIGATION AND
COMMUNICATION FOR AIRCRAFT AND MARITIME
SERVIGES
DEMONST RATED SHF SSB/PM TECHNIQUE AS A
POTENTIAL CANDIDATE FOR MULTIPLE ACCESS
COMMUNICATIONS
- MEDIUM ALTITUDE | APR. 6, LAUNCH VEHICLE FAILURE CAUSED
GRAVITY GRADIENT | 1967 ECCENTRIC ORBIT
STABILIZED PERIGEE DECAY -- ATS-2 RE-ENTERED THE
) ATMOSPHERE ON SEPTEMBER 2, 1969
SYNCHRONOUS NOV. 5, 47° W LONG _DEMONSTRATED FEASIBILITY AND RELIABILITY
ALTITUDE 1967 OF MECHANICALLY DESPUN ANTENNA FOR
SPIN STABILIZED STILL BIGHER ANTENNA GAIN
DEMONSTRATED COLOR SPIN SCAN CLOUD COVER
CAMERA FOR WEATHER FORECASTING AND
HURRICANE TRACKING'
DEMONSTRATED VHF COMMUNICATION
CAPABILITY FOR AIRCRAFT AND MARITIME USE
DEMONSTRATED SHF MULTIPLE ACCESS
COMMUNICATIONS
SYNCHRONOUS AUG. 10, 2ND STAGE LAUNCH VEHICLE FAILED
é;‘_iggﬁf GRAVITY ]° 1968 LOW ORBIT DECAY -- ATS-4 RE-ENTERED THE
STABILIZED ATMOSPHERE ON OCTOBER 17, 1968
SYNCHRONOUS | Auc. 12, | 105° w LONG EXPERIMENTED SUCCESSFULLY IN SPINNING
ALTITUDE GRAVITY | 1969 FAILURE MODE ;
‘GRADIENT P , ‘ .
INITIAL DEMCNSTRATION OF L-BAND AS A

“POTENTIAL FREQUENCY FOR AIRCRAFT AND

MARITIME USE

INVESTIGATED MILLIMETER WAVE AS A
POTENTIAL SOLUTION TO FREQUENCY CROWDING

T R P T TR
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Figure 1.1. Spin Stabilized Spacecraft ATS-1 and
3 with Electronically Despun Antenna




Forward During Launch Solar Pressure
Balance Ring

T&C Whip
Antennas( 6)

Libration Damper 4 -

Gravity-Gradient Experiments
Boom Area
Mechanism <
Lidration | | \Communication
Damper = | Planar Array
Boom Antennas

Antenna /

Resistojet AT :

Apogee Motor Stabilization Booms

(4)

Figure 1.2, Gravity-Gradient Spacecraft ATS-5




- TABLE 1.3

GENERAL CHARACTERISTICS OF PRIOR AND | -
CONCURRENT COMMUNICATIONS SATELLITES |

CHARACTERISTICS ATS-1 ATS-3 ATS-5

Launch Date Dec. 1966 Nov. 19:67 Aug. 1969

Orbit (nautical miles) 19,400 19,400 19, 400

Diameter (inches) 54 54 56

Length (inches) 53’ 53 : 72

Orbital Weight (pouﬁds) 646 671 772

Effective Radiated / _ ;

Power (dbw) - 20.5 26.5 23, 2%

Repeater Bandwidth (MHz) 25 25 25

No. Voice Channels . : , ,

(one way) 1,200 (SHF) 1,200 (SHF) = 1,200 (SHF)
’Elléctronic- Mechanically . Slotted Wave-

“"Type Antenna

Type Pattern

Multiplve Access

ally Despun

Earth Coverage
Directional

FDMA
(SSB/PM)

Despun guide plannar
array

Earth Coverage Earth Coverage

Directional Directiohal
. FDMA ~ FDMA
(SSB/PM) (SSB/PM)

* planned value and patterri, not met due to spin
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1.5 SPACECRAFT OPERATIONAL SUPPORT SYSTEMS

On board the ATS series spacecraft there are five operational support
systems: communications, command, telemetry, reaction control, and power

supply. Figure 1.3 is a block diagram of these systems,

1.5,1 Communication System

The communication system, which is completely independent
from telemetry, provides the means of transmitting experimenta.l data
originated on-board, such as the output of meteorological television cameras,
to the ground., The system consists of two transmitters, two receivers, the
antenna system, a,nd the necessary associated 'conl;.rol subassemblies, These
syst’ems operate on a C-band downlink (4 GHz) using the same transmitters
and antennas employed in the SHF communications experimen;s. Fcr use‘i‘n
communications functions for other on-board experiments, such as the spin-
scan camera, the downlink is modulated by means of an on-board VCO which
replaces the IF signal from the uplink receivers used in the communications
experiments.  The SHF communications transponder is also used for range

and range rate measurements for orbital determination.

1.5.2 Command System

The command system receives and executes the commands

dlrected to the spacecraft by ground termma.l statlons to control spacecraft

- systems and experiments, The system consxsts of two VHF command re-

ceivers and two command decoders, The decoders translate the signals

modulated on the RF command uplink carriers into signals t“o control and

- switch the on-board systems for use in the various experlments., There

-are two command receivers and two decoders on each satellite, each decodsr

being capable of Operatmg with either receiver, -The command system with

"two,decoders has the ’capability of 255 redundant commands,

1,5.3 Telemet System

The telemetry system encodes and transmits' the data being

i generated on board down to gr‘ound stations. This system‘incluydes} two
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telemetry encoders and redundant transmitters. The encoders process the
spacecraft and experiment data and convert it into 2 form which can be
transmitted from the spaeecraft at VHF, The telemetry system shares the
use of the antennas and the spacecraft clock with the command system., The

telemetry transmitters and command receivers are connected through a

‘duplexer to a turnstile antenna, The antenna is constructed of eight

quarterwave whips spaced at 45-degree intervals about the spacecraft
periphery, inclined 60 degrees to the spin axis, to afford essentially isotropic
coverage (equally effecltive inall directions), and isotroéic gain, No

attempt was made to add directivity to this VHF antenna, and therefore, the
operation of telemetry and command links is totally dependent upon the

power of the transmitters and sensitivity of the telemetering receivers, Both

operating th‘rough a directional ground antenna,

1.5.4 ‘Reaction Control System

The Reaction Control System provides the reactive forces
necessary for spacecraft maneuvering and stationkeeping. Five different

types of thrusters were used.
® Cold nitrogen gas jet to giﬁre synchronous satellites the
initial spin.

. - Hydrogen peroxide or hydfazine jets for placing spacecraft

~on station and for stationkeeping maneuvering of the spin- stabilized vehic)_.e;

° Subliming solid jet for inversion of the gravity-gradient
spacecraft, | v | i o _
° R-esisiojet‘ f’oi‘ east-west stationkeeping maneuvers for the

gravxty-gradlent spacecraft at synchronous altxtude.

e JIon engme as on expenmental backup system for east-west

_maneuvers,

1.5,5 Power Supply’ System

The power supply system ConSlStS of a combination of solar

-‘cells, batterxes, and related power SWLtchmg assembhes to provxde the
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electrical power needed to operate all systems on the spacecraft, The
primary source is silicon solar cells assembled in arrays on the outside of
the satellite, the secondary source is nickel-cadmium batteries within the
spacecraft, Normally, the solar cell arrays directly supply the power to the
loads, but they can be used to charge the batteries, The batteries provide

a secondary source of electrical power during an occasional high power
requirement and during solar eclipse intervals when the solar cells are not
operating, There are two independent power supply sources on every spacecraft,
One is associated with the forward solar cell array and the second with the

aft solar cell ’a'rray. The two distinct subsystems can be combined into a
single bus ‘o'r"i.v;ower line on command, Each subéystem powers an unreguiated
spacecraft bus maintaining voltage between -32,5 and -24, 5 volts. The

initial rated power available was 180 watts for the spinning satellites and

125 watts for the gravity gradient spacecraft,

A comparison of the specific hardware carried on the three

operational ATS satellites is given in Table 1, 4.

1.6 ATS COMMUNICATIONS HARDWARE

The ATS program utilized several types of repeaters for communica-
tions with ’ground stations, ATS-1 and 3 contained two C-band repeaters
and one VHF repeater, while ATS-5 contained one L-band repeater, one
' C-band repeater, and one millimeter wave transmitter and receiver,

Since the ATS-5 'spacecraft remained anomalously spinning, the L-band
antenna 'Llluminate'd’the earth once each revolution for approx'uné.tely

50 milliseconds between the 3 db pb‘mts of the radiation pattern,

1,6.1 C-Band Repeaﬁers

" The C-band communications repkea.t_ers‘ used in the ATS program
‘could be operated in three basic modes. One mode employed aﬁ~SSB to
PM rerknodula‘tio'n process and was uSed for multiple access communications

tests, Another mode employed a conventional double- conversion 'frequency
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TABLE 1.4

APPLICATIONS TECHNOLOGY SATELLITE
EQUIPMENT COMPARISON

SPACECRAFT

EQUIPMENT
Q o 1 3 5

Communications Expenments

C-Band Repeater X
VHF Communications X
L.-Band Repeater '

Transmitter and Receiver

X
X

%o

Meteorological Experiments
Spin Scan Cloud Cover Camera ,
Black and White X
“Color '
Image Dissector Camera System (IDCS)
OMEGA Position Location Experiment (OPLE)
Gravity Gradient , X
Antenna ‘ : '
Phased Array : X
Mechanically Despun
Nutation Sensor S X
Subliming Solid Jet
Hydrazine Rocket :
Resistojet ‘ ' ‘ X
Ion Engine '
Reflectometer
Self- Conta1ned Nav1gat1on System

R

M M
MM N

X X

Env1r0nmenta1 Measuremeints Experiments , :
Omnidirectional Particle Telescope (UCSD) : , - X
Omnidirectional Particle Telescope (Aerospace) ‘
Solar Cell Damage (GSFC)

Thermal Coatings (GSFC)

Ion Detector (Rice University)

Magnetometer (UCLA)

Cosmic Radio Noise (GSFC)

Electric Field Measurement (GSFQC)

Trapped Radiation Detector (UCB)
Proton/Electron Detector (Lockheed)
‘Spacecraft Charge Measurement (GSFC)

MMM XM

544 M b

St terlimie i ad s a3 Ihed 1 e e T e S e e T ey
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translation ( FT) technique and was primarily deSi-ghed for television
and multi-channel FDM- FM cémmunica.tions tests, The third mode
provided the ability to transmit on-board wide band data or video signals by
subsﬁtut'mg a VCO input to the IF amplifier in place of the C-band receiver

front end,

Bece.use of the -irxtefgrated nature of the repeater design, much
of the circuitry was common to all three modes of operation, Throughout
most of the eXperlments, the low frequency repeaters (6212,094/4119.599)
were used, and most tests were performed using two four-watt TWT's,
Because the ATS-5 satellite was never despun, the C-band communications

experiments were not conducted on ATS-5,

1.6,2 VHF Repeaters

The VHF c/ommuniéations repeaters were the active frequency
translation type employing an eight element phased array antenna, Although
the ATS-1 and ATS-3 repeaters were functionally identical, several
improvements were incorporated in the ATS-3 repeater., The improvements
included a new low-loss diplexer, a lower noise figure receiver, an improved
up-converter capable of much greater isolation, and a completely new linear
VHF transmitter designed to minimize inter-modulation distortion .u'nder
multi- channel operation. These repeater modifications were reflected in
the design performance characteristics. For instance, “w‘hen ‘subjected to
two or more input carriers, ATS-3 did not exhibit the compression

characteristics for the weaker 'anut as did ATS-1,

- 1,6.3 L-Band Repeater

- The L-band repeater was designed to operate in several
modes which gave the user choices of various bandwidths, a frequency

translation or remodulation mode, and cross s,tra'p'modes With the C-band ,

‘repeater. The modes included (a) the narrow band frequency translation

mode [NBFT], (b) the wideband frequency translation mode [WBFT], (c) a

~ C-band to L- band ;frequehcy translation cross-strap mode, and (d) an SSB/FM
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L-band/L-band mode. The L-band system employed a planar array antenna
consisting of 12 circularly polarized Archimedian spiral radiators giving a
nominal gain of about 14 db, This antenna was designed to cperate

with a gravity gradient spacecraft such that the antenna beam would be

constantly pointed toward the earth,

1.6.,4 Millimeter Wave Spacecraft Hardware

The millimeter wave experiment flight package was included
on ATS-5 to characterize tile earth- space propagation paths at the 15,3 GHz
and 31,65 GHz space research frequencies. The 31.65 GHz spacecraft
receiver system consisted of a horn antenna, a double superheterodyne
phase locked receiver and superheterodyne signal processor., The receiver was
designed to make absolute amplitude measurements (under controlled
conditions) of + 0.5 db at signal-to-noise ratios in excess of 5 db, Side-
band modulations of 1, 10, or 50 MHz were also rkeceived and processed to
obtain sideband amplitudes and differential phase between the carrier and the

two sidebands, using the carrier as a reference,

1.7 ATS METEOROLOGICAL HARDWARE

NASA developed five space cameras fof ATS spacecraft based upon
pridr experience with TIROS, ESSA, and NIMBUS systems. Spin Scan,
Multicolor Sp'm Scan, and the Image Dissecf‘dr‘ C_"amera; Systems we.re
developed for the spin-stabilized spacecraft., The Advanced Vidicon and
Image Orthicon Camera Systems wére developed for the gravity-gradient
spacecraft, The camera systems characteristics used on ATS 1 and 3

are shown in Téble 1.5,

1.7.1 Spin Scan Camera System
Spin scan cameras were placed on the spin;~stébllized ATS-1

and ATS-3 satellites. The monochrome camera system used on ATS-1

 consisted of a 5" diameter, 10" focal length Cassegrain telescope having.

a "pirihble" aperture followed by a photo multiplier detector. A precise
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, TABLE 1.5
ATS MET EOROLOGY SPACECRAFT CAMERA SYSTEMS CHARACTERISTICS

1N

Line Scan

Vertical

Line Scan
Lines/Frame

Time/Frame
~Sensor

‘Sync Optics ,
Focal Length -

Field of View
Latitude
- Longitude

Period of Operation

Commbon Characteristics:

(100 rpm)

'~ Mechanical Step

(1/rev)
2,048
20 minutes

* Photomultiplier

(1) tube
Sun-Pulse
10 inches

6, 000 nmi
9,850 nmi
5-3/4 years

(100 rpm)

Mechanical Step
(1/rev)
2,407

- 24 minutes

Photomultiplier
(3) tubes
Sun-Pulse

15 inches

9, 850 nmi.
9, 850 nmi.
Since Nov. 1967

- : Image
SSCC MSSCC Dissector
Spacecraft ATS-1 ATS-3 ATS-3
Orbit Geostationary Geostationary Geostationary
~Altitude R Sync
Resolution 2 nmi. E
Transmission Real Time - Real Time = ~ Real Time
Scan _ , ' '
 Horizontal S/C Rotation S/C Rotation Electromagnetic deflection

plus Electronic drive (horizontal)

Electromagnetic deflection
(Only 1/rev)

1,328

13. 3 minutes

Image Dissector

Sun-Pulse Internal Clock
16. 5 inches

6, 900 nmi.
6, 000 nmi.

Since Nov. 1967,

All sent video information using SHF wideband data mode.
All had real time capability.
Resolution was good on all with respect to their field of view.




east-west scan was generated by the spacecraft spin, The precision north-
south scan was generated by mechanically tilting the telescope axis in discrete
steps, 2,000 per picture, one step per spacecraft revolution, A picture
required 20 minutes of scan time, had 1.9 mile resolution, and a 103 dynamic
range of brightness resolution. The video information occurred in "bursts'
whose duty cycle was only five percent, thus it required the wide band

microwave downlink for data transmissions,

The spin scan ''cameras' are telescopic photometers consisting
of quanti.fative photomultiplier tubes behind the optics of a small telescope.
Thus, they measure the reflected radiance from clouds and the ocean and
ground features in selected spectral regions, The spin scan camera
technique has several advantages. First, there is no distortion due to the
optical system since all measurements are on-axis and the geometry was
generated by the highly uniform spin and tilt, Second, the same photometer
shows all parts of the picture so the sensitivity is equal everywhere, Third,
the detector is a photomultiplier that has a wide dynamic range. Finally,

contrast is limited by scatter in the optics only.

On ATS-3, the concept was extended to provide color pictures,
In the color camera the three color components were generated by using
three in-line pinholes and fiber optics were used to carry the red, blue,
and green color information to three separate photomultipliers. The first
tube was equipped with a green filter, the second with a red filter, and
the third with a blue filter, The signals thus génerated were transmitted to
the ground on a single wideband video t;ansmitte,r. Multiplexing of each
channel took place in a 500 kHz baseband, and provided for a bahdwidth per
channel of 150 kHz, The red and green ch,a’ringls,,alsofeach contained a
_sun pulse for picture synchronization, The increased usefulness of such color
pictures, compared to ATS-1 type black and white pictures, depended lafgely
upon the improved séparation of images having approximately the same
br’igh?nes S. Dark clouds showed up as gfay while land often showed as a

brown or green mass, Similarly, for muddy river water carried large
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distances into the ocean, the brown river water and the blue-green ocean
provided good color contrast, Another improvement was achieved using the
red signal component to form a black and white image, This red signal had
less atmospheric scattering than the broadband black and white signal of

ATS-1 and hence presented a more detailed picture of land structure.

The color imagé on film Wﬁas produced on the ground using a
catliode ray tube with light output intﬂel green, red, and blue, spectral regions,
Each line was produced by triple expoéure,of the film - ‘firSt with green light
derived from the green digitized video, then red and blue, A synchronized
three color filter wheel in the optiéal path of the film recorder was used
to produce the d‘esired colé)r light. This process was repeated each line to
form the complete image, | The digital tape record contained all the data sent
~ to the film recorder duz‘v'ing“ real time operation and could subsequently be |
played back to produce a color imé.ge_equal in quality to the original, An
analog tape récord was formed by use of a digital-analog converter and to
conserve tape produced a bandwidth limited signal 'somewha.t poorer in

quality than the digital tape.

The ATS Spin Scan Cloud Camera added a new dimension

to meteorological studies, The maj;r_r 'aidvantage’ of this system was that one-
third of the earfh and its att’endant' cl‘.oudv cover was continuously visible during
the da.ylight hours. Prior to.ATS,. hnaging systems in nonsynchronous orbit
could produce only a'singlé or perhaps two overlé.éping pictures per day of -
~any given area,j Wlth the ATS-SSCC system, pictures could be recorded
~in 30 minute intervals, This was sufficient to study global scale activities

in Somme detail, This scope and cjéﬁ?é'rage provided an impef't‘ar;; tool in
: Studying phenomena such asAgl‘obal.l‘a.nd‘hemiisphe_ric circ‘uléfiiéﬂz patterns;
global ,sc’::ale heat flow and 't"fané'fer; wind velocity measurements; growth,
~ life and decay of hurgricanés, 'to‘rnadioe!is-, 'trgpri__cal stormé, étc; and large
scale ‘m"te'r'ac,,tionS between land masses and cloud’circulati.ons."m The SSCC

provided useful data not only to metedrologists and scientists concerned with
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such macroscale events but also, for tracking tornadoes and tropical storms

for the benefit of the non-scientific public,

From a space technology standp‘oint, the SSCC was a success
both in terms of simplicity and reliability, The use of a single photo-
multiplier eliminated point-to-point calibration problems within a frame.

The mechanical systems and bearings which executed the line-to-line stepping
functions, were more than adequate for their tasks, The ATS-1 SSCC
was operational for almost six years, while the ATS-3 MSSCC system was still

producing useful data after more than five years in orbit.

1.7.2 Irhgge Dissector Camera System (IDCS)

The Image Dissector Camera System was first flown on

ATS-3 to provide the scientific community‘ with additional information about
the earth and its environment, However, its prime technical objective was
to demonstrate and discover any unknown limitations of the image dissector
camera (IDC). The IDC operation was electronic except for a protective
shutter that closed over the face of the image dissector tube when the camera
was not operating, The camera was mounted on ATS-3 with its optical axis
perpendicular to the satellite rotational axis about the earth, In the primary

"longitudinal'' scanning mode, the north to south camera sweep deflection

_signal provided each vertical picture line scan for earth latitudinal deflection

while the satellite spin supplied the motion for the horizontal or longitudinal
picture deﬂection. In the secondary "latitudinal" scanning mode the satelli.te‘b
spin motion provided the longitudinal orlwes‘t to east time. Scan, while the
camera deflection signal supplied successive one-resolution ele’rnenfsteps:

from north to south at the rate of one per spxn until a smgle frame was

'completed Spacecraft inputs were power, command and clock ’I‘he camera

contained the image dlssector,, a sun sensor for spin rate, a nutation sensor,
the electronics necessary to synchroni.ze camera timing and oper’ation With :

spacecraft spin, and to retam proper phasmg to enable earth VLeWLng once

‘the initial phasmg had been commanded from the ground
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In the first year and a half of operation from initial activation
in orbit, the ATS-3 IDC sent back over 1, 300 cloud cover pictures Wltll near
full earth disc coverage per picture, Performance of the -carnera was good;
the piotures produced had good resolution and minimum nutat_io,n problems.
Sensitivity degradation of less than five percent and no loss of resolution
were observed during the first year in orbit, The spacecrafl: Wao launched
November 5, 1967, and the camera was turned on Novembér 7. The Image
’DlS, sector Camera System performed well in the ATS-3 application and produced
a large output of useful meteorological pictures as well as pictures defining

‘ATS-3 spacecraft motion. This 5ystem provideél reliable service with a
minimum of ground station complexity and has shown excellent potential for

future space applications.

1.8 ATS GROUND STATIONS

The ATS program in space was supported by an . extensive ground
system which provided: for command and control of the spacecraft collection
of range and range rate data for the determination of spacecraft orbit; per-
formance of comrnunrcatrons, gravxty—gradrent meteorolochal and other
expeerents, scheduling experiments and maintaining data plots and dLstrLbuthg
experimental data; tracking and data acquisition, providing computer services

and information processing; and general communications and support.

Three ATS ground stations, Rosman, Mojave, and the Transportable
‘Ground Station at Cooby Creek provide the main suppo‘rt to ATS operatlovnéjv o
for command and control of the spacecraft; for collection of range and range |
_rate data for orbit detérminatlon;vkpola‘rization,angle rneasurements for
spacecraftj' attitude défermlhatlon, and forv performance of communicatlons,
grawty-gradrent and meteorologreal experrment data collectron. All

. spacecraft maneuvers and expeerents are controlled by direction from the

. ATS Pro; ect Operatlons Control Center (A TSOCC) at Goddard Space Flight

; Center, G reenbelt Maryland Except for antenna diameter and source of
,power, the three prmcrpal ground statrons are similar; as described in

| ’I‘ablel 6. E
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TABLE 1.6
ATS GROUND STATION SYSTEMS

ITEM .
DESCRIPTION ROSMAN MOQJAVE COOBY CREEK
Antenna ~Parabolic Reflector with Parabolic Reflector with Parabolic Reflector

“TYPE Subreflector Cassegraia Subreflector Cassegrain with Subreflector
Feed Feed : Cassegrain Feed
Diameter/Mount 85 ft/X-Y 40 f£/X-Y" 40 ft/AZ-EL
- Receive Gain
{4 GHz) (nom.) 58.4.db 51 db 51 db
Transmit Gain
{6 HGz) (nom.) 6.15db 54.6 db 54. 6 db

Receive System
Noise Temperature
(a2t Zenith)

63°K (Paramp)

63°K (Paramp)

SSOF (Maser Mode)

* 55°/65°K (Paramp Mode)

Tracking Accuracy +0, 05 deg. +0,015 deg. +0. 057 deg.
~Receive Beam- .
width (P/2) 0.2 deg. 0.47 deg. 0.42 deg.
Transmit Beam-
. » width (P/2): 0.13 deg. 0.28 deg. 0.28 deg.
SE;YF Trans- » Maximum SHF Two Redundant 10 kw
mitter Transmitter: SHF Transmitters 10 kw 10 kw
o Power
SHF Receiver Simultaneous Capable of Transmitting Capable of Transmitting Capable of Transmitting
BN ! Capability Two RF Channels and Re= One R¥ Channel and Re- One RF Channel and Re-
ceiving Two RF Channels ceiving Two RF Channels ceiving Two RF Channels
Simultancously (SSB or FT) Simultaneously Simultaneously
Number of Basic 1200 Channel Capa-~ Basic 240 Channel Capa- Basic 240 Channel Capa-
Channels bility {One Way) bility {One Way\ bility {One Way)

SSB Multiplex

24 Channels Equipped with
12 ECHO Suppressors and

24 Channcls Equipped with
6 ECHO Suppressors and

24 Channels Equipped with
6 ECHO Suppressors and

. - Compandors Compandors Compandors
TV Tipe Color and Monochrome Monochrome - Record Monochrome - Record
Recorders Record and Playback and Playback and Playback
Color -~ Record Only Color - Record Only
OQverall . ATS-1 38.2 db 32.2db 32.2db
Capabilit G/T
LEP y ATS-3 39,6 db 32.2 db Not visible
LOcation Area: Near Brevard, Goldstone. Dry Lake, Near Toowoomba,
North Carolina Mojave Descrt, near Queensland,
’ Barstow, California Australia
Latitude 35° 11' 35,4 North Lat. 35° 17" 48" North Lat. 27° 23' South Lat.
82° 52' 22" West Long. 116° 53! 57" West Long. 151° 57" East Long.

Longitude




1,8, 1 Rosman Ground Station

N  The Rosman Ground Station is located in western North Carolina,
near} the town of Brevard, The instrumentation building houses the communi-
vcations, telc}metry, and command subsystems as well as offices, supply and
maintenance areas, The 85-foot parabolic communication antenna, located
a.djacent'izo the instrumenta;tion building, has a cassegrain type feed system
and utihzes monopulse trackmg techmques to automatically track the ATS
spacecra.ft The combined telemetry/receive and command/transmit antenna
consists of an array of crossed dipoles, Station power is provided by 10
diesel engine generators; six with an output of 250 KVA and four with an

output of 500 KVA,

1.8.2 Mojave Ground Station

The Mojave Ground Station is located in the Mojave Desert,

approximately 50 ;niies north of Barstow, California. Identical to Rosman

Station, the Operations and Instrumentation building houses the communica~
tions, telemetry, command, and antenna control subsystems, as well as
office and maintenance areas, The 40~ foot parabolic communications bantenna
located adjacent to the building has a cassegrain type feed systern,and
utilizes. moni)pulse teéhniques to develop trai.cking signals which aui:b-,
maticalfiy Iindintain the transmit/receive beams in alignment with the space-
craft, Po‘larization tracking is also provided, and received signal |
preampiifica.tion is accomplished by a parametric amplifier and two tunnel
didde a‘mplifiers (TDA).f Comuuiinications signals are transmitied, received,

and processed as required to conduct the various ATS experiments,

1.8.3 Transportable Ground Station

The Transportable Ground Station(TGS) is located in Queensla.nd

Australia, near Cooby Creek, approxxmately 14 miles from the CLty of

Toowoomba, Station equipment is trailer mounted ‘and the communications
antenna can be dismantled and mounted on two fiat-bed trailers for ‘

'reiocation. Three 40- foot air conditioned trailers comprise the operational
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control complex (OCC), Fold-down trailer sides allowed matting to form

a single operating area, providing limited access to all ground station
electronic equipment, with the exception of telemetry and command (T&C)
equipment, T&C equipment is mounted in a separate trailer, Additional vans
provide office space, maintenance shop, storage, communications center,
and power. The 40-foot parabolic communications anteuna. has a Cassegrain
type feed system and uses pseudo-monopulse techniques to develop tracking
signals which automatically maintain the transmit/receive beams in alignment
with the spacecraft, Polarization tracking is also provided, ’andre_cieved

signal preamplification is accomplished by maser and parametric amplifiers.

1.8,4 Other Ground Stations ‘

A major contributing station was Kashima, Japan, 'However,
contirubtion by the Small Aperture Ground Station (SAGS),‘ and the niany small
VHF terminais threughout the world are presented to previde a more com-~
plete coverage of the ATS ground stations. It was these small terminals that

proved the versatility of ATS,

Kashima Earth Stati‘on; belonging to the Radio Research Labs,
Ministry of Poets and TeleComruun'Lcati.ons, was established in August 1963
for the purpose of performing space communications experiments. It is
located 90 kilometers to the east-north- east ofkTokyo. Its 26 meter SHF
communications antenna has the capablhty of operating on the following
frequencies: 6212 MHz and 6301 MHz for transmission, 4119 MHz and 4178
Msz for reception and tracking, and 4135 MHz and 4195 MHz for beacon
tracking. For transmission and reception of SHF sig,nals_‘_, the antenne and
feed system are used in common, Kashima contributlons are in the areas
of Kashtma/NASA TLme Division Multiple Access/Pulse-Code Modulation
Expenment a Spread Spectrum Experlment TV Transmission Experlments,

and a San Scan Cloud Cover Receptlon Experlment

The use of satelhtes WLth a network of Small Aperture Ground

StatLons, was anestlgated as a potenhal means of accommodatmg the expected'

growth in overseas communications. The SAGS was concewed and developed
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at the Goddard Space Flight Center to relay a single voice channel via the
ATS-3 satellite to a larger ground station or to another SAGS at microwave
frequencies, SAGS consists primarily of four assemblies: (a) the antenna
and pedestal, (b) paramp and diplexer, (c) TWT power amplifier assembly,
and (d) the transceiver. The 15-foot parabolic antenna is an extremely
11gh€weight structure weighing approxim'ately 100 pounds and was enclosed
in a radome. It was used to evaluate compatibilities with large stations and

to transmit facsimile pictures,

There was much interest in the use of satellites as communi-
cation relays to mobile and/or stationery units. Many requests were
received by NASA/GSFC, and permission granted to selected small unit VHF
stations to utilize a block of ATS satellite time for experimental communica-
tions. The resuits of these communications experiments showed much promise
for the future. While the configuration of a VHF terminal va,rived from
station to station, the basic equipment was rather simple and inexpensive
which made the VHF terminal attractive. The U, S, Office of Education
experimented with ATS-1 to establish a two-way connection to assist
teachers in remote native Alaskan villages to improve both their skills and
the edgcafion they offer their pupils. These fégular transmissions were
alsc used to tfaﬁsniit medical information and assistance to these remote
‘ ’a*‘r"?eas. In fact, ATS-1 contributed to saving at least one life in Alaska.

-~ The University of Hawaili also utilized a portion of ATS-1 time, At the
tixﬁfz_.e,‘ ATS-1 was positioned at 1‘490W, approximately 200 miles south of
Hawa';ib 23, 500 miles in épace. This pésition yielded an earth illumination =
extending from Chicago to eastern Ausf,ralla. The Hawaii station proved
that an 'Lbnexpensiyvke system (less than $1,200) could cover approximately B

half of the earth with little or no ,fading by utilizing a ,satellite as a.

relay station,
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SECTION 2
COMMUNICATIONS EXPERIMENTS

2.1 INTRODUCTION

The ATS-1-3-5 series of satellites contained communications equip-
ment in the VHF, UHF, and SHF bands which was used to oonduct a large
number of experiments applicable to a variety of communications services.
These services included such things as broadcasting weather facsimile

(WEFAX) and time and frequency signals, as well as providing communi-
cation for educational and medical services. In addition, the project

included a series of radio propagation experiments which were aimed at
investigating the reliability of the propagation paths at the various frequencies

and the causes of fading on those paths,

The communications equipment contained on the ATS satellites were

as follows:

Satellite Equipment Frequency
ATS-1 & -3 Microwave Repeater 6 GHz/4 GHz
. VHF Repeater 149 MHz/136 MHz
ATS-5 Microwave Repeater 6 GHz/4 GHz |
L-band Repeater 1550/1650 MHz
Millimeter Wave Trans- 31. 65/15, 3 GHz

mitter and Receiver
The descriptions and characteristics of the repeaters are in Sub-Section 1. 6,

In the early stages of the program develcpment, only the ""Microwave
C’ommunicati’ons Experiment" was included 1n the design, This experiment
employed a dual-mode conomunicatiOns repeater which was 'desi‘gned first,
: to relay high density multi- channel telephone c1rcu1ts and television s1gnals
'between two pomts Th1s mode wa s called the ”frequency translation' (FT)
: mode. The second mode conslsted of a remodulatlon repeater wherein

, mulﬁple single-sideband (SSB) uplink signals were phasemodulated on a
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single downlink frequency. This mode was called the ''multiple access"
mode because it could handle a large number of separate uplink signals
from widely scattered locations. A third method of operation permitted
on-board video signals from a meteorological camera to be transmitted to
earth by modulating a VCO in the FT mode. This repeater was included in

all five original ATS satellites.

Shortly after the program got underway, a '"VHF Communications
Experiment'' was pr—opiosed and incorporated into the design of ATS-1 and -3.
This experiment was pirimarily designed to provide either single channel or
very low channel capacity to small, inexpensive airborne or shipboard
terminals mthe "mobile services'. It later became apparent that the same
VHF satellite relay could provide communication services to widely scattered,
sparsely populated areas such as Alaska and the South Pacific Islands where
small, low cost terminals must be used for economic reasons. These low |

density communications services could provide heretofore unavailable

improvements in the educational and medical services in those areas.

The volume of communications services throughout the world has
been growing at such a rapid rate that many of the allocated frequenéy bands

are already saturated with assignments and, within the foreseeable future,

the entire spectrum of existing communication frequencies will be saturated.

The L-band repeater was placed on ATS-5 to provide a means to investigate -

- the feasibility of opening higher frequency bands to the mobile services.

Similarly, the Millimeter Wave Experiment was added to the ATS-5 space-
craft to open a new portion of the frequency spectrum to the fixed point-to- |
point services. This experimeht was primarily directed toward evaluatiOn
of the propagation characteristics of this band of frequencies‘kwhere tro’por_ =
spheric anomalies cause»seridus fé.ding.; The spaceborne equipment in these
freQuency bands profrided the impetus’for the numerous communications
experiﬁents performed under the ATS program. ’Experim'ents in which

voice communication was the primary interest are described in this section.
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2.2 FIXED POINT-TO-POINT EXPERIMENTS

The ATS Fixed Point-to-Point Experimental Program addressed two
significant needs of the growing commercial communication satellite field
~ of the early 1960's; the need for increasing information transfer capacity
and development of a viable multiple access technique. To provide increased
information transfer capacity, higher power microwave travelling-wave
tubes, and higher gain spacecraft antenna techniques were developed under |
the ATS program. The ATS multiple access technique employed a unique
remodulation type satellite repeater wherein single-sideband signals were
transmitted to the satellite from the several earth stations, then combined
and converted to a phase-modulated carrier for retransmission back to
earth. In addition to comparing these systems and techniques to more
conventional ones, the program evaluated a pseudo—noise random access
and a PCM technique for multiple access. These experiments were con-
ducted at microwave frequencies internationally allocated to the Fixed
Satellite Service and were more generally known as the "Microwaﬁfe Com-

munications Experiment".

2.2.1 SSB-PM/FDMA* Experiment .

In the SSB-PM/FDMA technique each access transmitted an

| assigned portion of the standard SSB-FDM multiplex baseband message
spectrum, translated to‘the microwave bahd, as an SSB suppressed carrier
signal. Combined with this message spectrum was a pair of pilot tones
individually as signed to each sfation which were employed for tr‘ansmittyer
frequenéy and level control. In the satellite, a phase modulator converted
the SSB-FDM signals to a phase modulated (PM) spectrum which contamed

a carrier and the sidebands of the SSB FDM 51gnals produced by the modu-
lator. The earth station recelvers'demodulated the PM spectrum to recover
the.‘totai baséband speC‘trum 'I‘hé demulti‘p‘lex equipment then 'se14ect’ed kthe k B

channels deslred by the station. A large numbér of acce-ssés could be

>'ﬁSmg’le S1deband Phase Modulatlon/ Frequency D1v1s1on Multlple Access
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accommodated by subdividing the message baseband as required and adding
the required pilots for each new earth station. In the implementation of the
ATS multiple-access experiment (Reference 454), the major hardware
developments were the satellite transponder which contained a unique phase
modulator, and the earth station SSB transmitters which contained newly

developed level and frequency control circuitry.

The three ATS multiple-access earth stations were similar
to a conventional FM earth station in all respects except for the SSB trans-
mittér, the interconnection of the control pilots from the receiver, and a ‘
6 db/octave de-emphasis network to recover PM rather than FM signals

(see F1gure 2. 1)

The characteristics of the earth stations pernnent to the
SSB-PM/FDMA experiment are shown in Table 2. 1.

. 2.2.2 Experimental Results

The objective of the SSB-PM/FDMA Experiment was to
evaluate thek multiple-access capabilities of this system by evaluating voice
channel performahce, data channel performance, frequency control loop
performance, and level control loop performance in a real earth-space

environment,

Voice channel performance was evaluated using weighted test
tone-to-noise ratio as a criteria with thermal noise and intermodulation

noise as individual parameters.

Test tone-to-thermal noisé ratio within voice channels of the
‘system is shown in Figure 2.2 as a function of spacecraft EIRP* with the
- earth station G/‘I‘** as a parameter,  Overall voice 'éhannel tlleifmal S/N

,'perfor,mance was found to bé’limited to about 47 db by the uplink parameters

'vEIRP = Effectlve Isotropmally Radlated Power B '
>L>'wG/T - Antenna Gain divided by System Temperature (Rece1v1ng System
F1gure of Mer1t) :
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TABLE 2.1

EARTH STATION SSB-PM/FDMA CHARACTERISTICS

Parameter Rosman Mojave Cooby Creek
Antenna Diam. 26 meters 12 meters 12 meters
G/T (ATS-1 ) 38.2 db 32,2 db 32.2db

G/ T (ATS-3) 39. 6 db 32.2 db (not visible)
EIRP (ATS-1)* 46, 6 dbm 53.5 dbm 53.5 dbm
'EIRP (ATS-3F 36,5 dbm 43,4 dbm (not visible)
Loading, \3‘sta. 960 chan, * 120 chan, 120 chan.

j*Single‘ channel test-tone power
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with the satellite EIRP of the crder of 1 KW per 1200 channels and earth
station G/T of the order of 39'db. The recommended performance is 50 db.

Voice channel intermodulation S/N performance was limited
by the SSB transmitter with ATS-1 which has a G/T of -25. 5db. On ATS-3,
with a G/T of -15db, the drop in SSB transmitter ifxtermodulation resulting
from the ability to reduce its power oufput requirement, placed the third-
order parabolic group delay intermodulation m the downlink, and the second-
order amplitude intermodulation in the spacecraft pPhase modulator, in the
position of limiting the channel performance. Even on ATS-3, the limit was
slightly below 50 db; thus, improvements in the linearity of the transfer
characteristic of the spacecraft phase modulator and reduction of third-
order parabolic delay distortion in the components of the PM downlink was

indicated,

’ The voice channel s.ignal-to-weighted noise ratio resulting
from both thermal noise and intermodulation noise was measured to be about
40 db at the earth station with a G/ T of 39. 6 db. "Analysis of the system
indicated that to raise this value to 50 db would require improvements

beyond the performance observed in the experimental system.

2.3 TRANSCONTINENTAL INTERCONNECTION EXPERIMENT

In 1969 the Corporation for Public Broadcasting formed the Public
B‘roadcasting Satellite Task Force to coordinate with’NASA and other inter-
ested agenc1es all domest1c satelhte act1v1ty in behalf of the pubhc and
edu onal broadcastmg mterests. The Public Broadcastmg Satelhte Task
Force subm1tted a propOSal to NASA to 1n1t1ate the T:ranscontmental Inter-
connection Exper1ment The experlment began on January 4 1970 and ended

on March 26, 197_0 (Reference 38%),

A principal ebjective of the Transconﬁneritgtl Interconneetion Experi-i ‘

ment (TIE) was to evaiuate and optimize the performance of a transcontinental

*Reference numbers correspond to document numbers given in Appendix B.

2-8




satellite link for video interconnection--both as an independent operation

and as part of a composite service including radio relay and local distribution
links., A secondary objective was to evaluate the feasibility of interference-
free television reception from satellites by medium-size receiving stations
in an urban environment containing radio relay facilities using the same

frequency bands.

- To achieve the first objective, a series of tests were scheduled using
the NASA earth stations at Rosman, North Carolina and Mojave, California,
plus the ATS-3 experimental satellite. The two earth stations were connected
‘with the: pﬁblic television network provided by AT&T via radio relay links and
other terrestrial facilities. To achieve the second objective, a brief period
of testing was scheduled using the Hughes Aircraft Company rooftop terminal

in El Segundo, California (adjacent to the Los Angeles International Airport).

Initial setup and checkout of the satellite link was carried out by
NASA prior to test commencement on January 4, 1970, Radio relay service
was prOVided by AT&T under regular c‘ommerical tariffs, and all opera‘tion
and maintenance of these facilities remained the responsibility of AT&T.
- Mr. T.P. Untiedt, Vice President/Engineering, KCET, Los Angeles, was
i assigned responsibility for routine monitoring of the satellite and terrestriai

transmissions and coordination of West Coast activities.

2.3.1 Measurement Techhiques

- To evaluate the relatlve and overall performance of the satel-
lite and terrestrlal links, a number of special video test signals commonly
used in the broadcast 1ndustry were routinely transmitted through the system.
These include:

Multiburst: A sexfies of short bursts of unmodulated tones at
different frequencies (typically 0.5, 1.5, 2.0, 3.2, 3.58, and

4,2 MHz). Useful in determining amplitude vs. frequency and
phase shift vs. frequency response in video transmission links.

iy




Modulated Stairstep: A series of short bursts of unmodulated
tones at a single frequency (the 3. 58 MHz color subcarrier)

but displaced in DC level to resemble a staircase. Particularly
useful in identifying nonlinear amplitude distortion which can
degrade color quality,

T sin2 pulse and bar: A video waveform consisting of a 0,125
microsecond pulse, and a 12, 5 microsecond bar, both having
sinusoidal rise and decay slopes. Used to evaluate the transient
response of transmission links, particularly the relative phase
response at low vs, high video frequencies.

Color bars: A complex video waveform which, when applied to
a color picture monitor, produces a series of bars of different
colors (red, green, blue, cyan, magenta, yellow, and white).
Used for visual analysis of general color quality or vectorscope
evaluation of relative phase and amplitude response of the com-
posite color video waveform.,

Three principal instruments were used in conjunction with
these special waveforms to monitor video transmission quélity. A color
picture vmbnitor (essentially a high-quality color television receiver) was
used for subjective visual observations. The structural details of received
waveforms are examined with a waveform monitor oscilloscope having
conventional amplitude versus time display features. Phase shift and
amplitude distortions of color reference signals were measured via a vec-

torscope. To facilitate the recording and interpretation of test results,

the IRE scale was employed in all measurements of signal and noise amplitude.

2. 3.2 Initial Objectives and Test Results

The ATS satellite had been used prévioﬁsly to relay speciaLl_
event television programS' between eérth stations having large (e;g. , 85 to
97 feet) antennas, providing excellent quality video tranSmis sion (see Table
2.‘2).7 However, only a 43 to‘. 46 db signal-to-noise ratio was expected when '
oﬁé‘rafing through the 40 ft Mdjave é.nte_nnai.' ’ Thése values are coh_side’rably

‘below the Bell System overall objective of 50 db and the INTELSAT overall
objective of 54 db. Thus, the initial test objectives were to verify the pre'-‘

dicted performance of the satellite link, to make subjective ctsmpar:isons'
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Date

TABLE 2,2

"ATS-1 AND ATS-3 DEMONSTRATIONS

Destination

May 31, 1967

June 2, 1967
“oo - June 2, 1967

June 25, 1967
Sept.  12-19, 1967

Oct. 12, 1967

Dec. 20-22, 1967

Dec. 26-28,.1967

Aug. 24, 1968

' Oct. 5/8/10, 1968

Oct. 22, 1968

Dec. 27, 1968

. Mar. 31, 1969

May 26, 1968
July 24, 1969

Press Demonstration

Press Demonstration

Expo 67 - Australia Da&

Cur World

America's Cup Race

Italian President's Visit
Japanese Prime Minister Satb's
Visit ‘
Prime Ministe r.qut's De'afh
President Johnson's Vigit _
Davis Cup Tennis - Brisbane
1968 Olympics :

Pope Paul's Visifs

1968 ‘World Series

1968 Olympics

Apollo 7

Apollo 8

' 1968 Election Returns
: Apollo 9 ‘

Apollo 10
Apolio 11

Kashima
Kashima
Rosman ‘
U.S. & Japan
Rosman

Cooby. Creek .

j‘ Cooby Creek -

Cooby Creek

Cooby Creek’

Rosman .
Bogoga, Col,

U. S )
Tulancingo, Mex:
Atlantic Ocean
Pacific Ocean
u.s.

Atlantic Ocean

Pacific Ocean

Pacific Ocean

. Demonstration QOrigin
Dec, 13, 1966 1st'ATS Press Demonstration Goldstone Rosman
' GSFC .
. Jan 14, 1967 Rose Bowl Parade Mojave & Kasghima
S ' : Cooby Creek
" "May 13, 1967 GSFC Open House Cooby Creek Rosman

Cooby Creek
Cooby Creek
Cooby Creek -

'Cooby Creek

Cooby Creek

Rosman

Kashima

Rosman

‘Spain

Kashima

Goonhilly UK, Europe

Puerto Rico

ETAM, Goonhilly, Raisting (Eur.)
U.5. '

' US/Japan/Europe
Eﬁrope
U.S.
u.s.



of the signal quality delivered to KCET via the satellite link and the normal
terrestrial service, and to identify any sources of signal degradation which
might be subject to improvement within the basic constraints of satellite

power and earth station sensitivity.

- To achieve these objectives, the initial test plan and schedule
was made quite flexible, with considerable allowance for engineering tests
and evaluation and modification of operating pa:rameters. Normal program-
ming off the Easf Coast public television network was relayed between the
hours of 7:00.and 10:00 pm EST, Sunday through Thursday of each week.
Various Videoitest signals originating from the program source or the
Rosman and Mojave earth stations were used at such times as the engineering
staffs at KCET, Mojave, or Rosman desired to check out specific link perQ
formance. Typically, the period of 7:00 to 8:00 pm was used for setup and
test signal transmission, with 8:00 to 10:00 pm transmis sio'I_is devoted pri-

marily to program material,

~ Immediately upon initiation of this test program, it was
observed that the radio relay service provided by AT&T and two local tele-
phone companies to Rosman and Mojave was introducing a nurriber of serious
noisé and distortion problems..‘ Incoming signals at Rosman were consis-

tently subjected to phase and amplitude distortions, and a sytrong horizontal

 band of interference near the field rate was observed moving up through the

video display. Signals fed from Mojave to KCET were subjected to audio

distortion, audio/video intermodulation, and frequent occurrences of very

“high noise levels. Some specific examples of service degradation noted by

monitors at Rosman and KCET duf{ng these tests are as follows,

VRo'srnan
Vide'o level - varied between 80 and 95 IRE units, most often
near 80 should nomlna.lly be lOO units. ‘
' - Sync levyelu— : va.rled between 40 and 55 units, should be 40

55 units observed with video level of 85, making
simple correctmn meos51b1e

s Y S




Color burst - consistently low, on the order of 18-30 IRE units
peak-to-peak; should nominally be 40 units.

Multiburst - consistent roll-off problem, with 4, 2 MHz burst
~ typically down 20 units; should be flat response.

Audio level - subject to wide variation from day to day and
occasionally during programs; up to 8 db differ-
ences noted at times.

Video ~ horizontal interference band running up picture,
Interference - affecting 8 lines of video, requires 13 seconds
to transit monitor face.

Ringing - up to 7 cycles observed on sync and color burst
transitions at times, at fairly high amplitude.

Dropouts - several occurrences of video and/or audio drop-
outs during program transmission were noted,
at various times.

KCET
Audio -~ considerable distortion and’clipping observed
during first week, occasionally thereafter.
Video - considerable audio/video intermodnlation noted

at various times throughout period, believed
due to faulty audio/video diplexer.

~ Multiburst - considerable peaking at 4 2 MHz during early
weeks, later corrected.

: Noise - repeated occurrence of both low and high
3 v frequency noise, sometimes adding as much
' as 6-8 IRE units to the noise level noted at Mojave.
These deficiencies in fhe radio relay service rendered any
: direct comparison of‘program,delivery to KCET via satellite and terrestrial
links impossible; and also limited evaluation of the satellite link alone to
routine S/N measurements and momtorlng of standard v1deo test signals, .
" These measurements did indicate that the satelllte link performance was |
as expected It was also quite consistent and rehable, one brief per).od of
hlgh noise 1eve1 was observed, which was corrected by changing the rece1v1ng
, antenna to the automatm trackmg mode, and one brief outage occurred due

to an antenna rep051t10n1ng problem at Rosman.
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C+ N
N
Mojave ranged from just over 10db at the beginning to nearly 12 db by the

The ratio of carrier-plus-noise to noise ( ) observed at
end of this period (see Figure 2. 3). The corresponding weighted signal to
noise (S/N) likewise improved, from about 44 db at the beginning to 48 db
near the end, corresponding to TASO quality between 2.0 and 2.5, considered
quite acceptable for viewing, This improvement was the result of several
contributing factors, e.g., satellite repositioning and antenna beams reori-

entation, better tuning of transmitting receiving stations, etc.

The most serious deficienéy in the satellite link during these
fests was roll-off in frequency response (i.e., down by about 1,8 db at 4.2
MHz). - While +his would not have been serious taken alone, when added to
the roll-off on the incoming microwave signal at Rosman, it reduced the
3.8 MHz color burst sufficiently to degrade the chroma (color) quality of
the signal delivered to KCET.

In summafy, f,his initial test phase (January 4 - February 15)
served to verify the satellite link calculations ‘bu{: produced very little data
on the overall performance of the combined satellite/terrestrial tra‘nsmis'siOn
channel. Despite repeated complaints concerning the radio relay service;

and sporadic efforts by AT&T toward improving same, this remained the

- primary source of noise, interference, and distortion over this channel,

- Though some quantitative data were obtained on the satellite link alone, this

by itself was inadequate to determine viewer acceptability of such transmissions.

2.3.3 Test Plan Modifications

In early February, it became apparent that a number of modi-

fications needed to be m'adé in the test plan. Accordingly, the following

revisions were adopted.

A fixed schedule of test transmissions was originated
from NET New York (Reeves Studios) or from other
originating stations when the network originated outside
' New York. At each interface between radio relay,
satellite, and user 1ocations‘ (e.g., Re'e,ves or équi«valent,.
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Rosman, Mojave, and KCET), Polaroid photographs
of the appropriate video waveforms and/or displays
would be obtained. Appropriate readings (e. g.,

S+ N/N, frequency response, etc.) would also be
taken at each location,.

All outstanding and future problems with radio relay
service on the West Coast would be resolved by KCET,
as the recipient of those services and a primary partici-
pant in the TIE program. On the other hand, respon-
sibility for seeing that radio relay service into Rosman
was improved would fall to CPB.

To further improve satellite link S/N performance,

equipment would be developed to remove the sync pulse

from the incoming signal at Rosman and replace this

with a burst of 5 MHz carrier prior to transmission to

the sateéllite; complementary equipment woald be pro-

vided at Mojave to reconstitute the sync pulse prior

to transmission via the AT&T lines to KCET,.

Operations in accordance with the modified tesi plan officially
began on February 15, at which time Reeves initiated the new series of test
signals and both Rosman and Mojave began routine collection of polaroi'd photo-
graphs. Due to operational difficulties, KCET did not begin photo collection
until some time later, and then only on a sporadic basis. By March 5, con-
siderable improvement had been effected through joint CPB/ATA&T efforts;
1nc1ud1ng elimination of the long standing horizontal interference problem,
delivery of proper color bar signal levels, and correction of frequency roll-
off. While still just marginal with respect’to dlfferennal Pphase and gain, ‘it

was expected that use of a normal processing amplifier. at Rosman would

provide a fully acceptable 51gna1 to the satellite link.

Durlng the March 5 tests, the expected 1mprovement in S/N

>performance using sync- str1pp1ng and regenerated equlpment was demon—
strated actually, an 1ncrease of 6 db was noted; however, at least 2 db and
.perhaps, 3 db of this 1mprovement resulted from mcreased dev1at10n without
i altering the sync pulses. U’nfortt.nately, the sync regeneratlon circuitry
Vmstalled at Mojave proved overly sensfclve to noise on the 1ncom1ng s1gna1

resultlng in loss of sync outgomg from Mojave, thus, the equlpment
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was removed for further development. When further testing of this equip-
ment failed to produce acceptable results, an alternative approach was
adopted in which normal sync was merely reduced in amplitude via the
standard processing amplifier. As this permitted an increase in deviation
which produced a 2 db improvement in video S/N, the sync regeneration

technique was dropped from further consideration during this project.

On March 18, tests were run between Rosman and Mojave
to determine what improvements could be obtained through use of a special
5 MHz low pass filter in the Rosman modulator chain. Pictures made at
Mojave indicated a significant reduction in high frequency noise (about 2:1)

with very little effect on the multiburst signal.

Also on March 18, comparison tests were run on the ATS-1 k

and ATS-3 satellites, using each of the four radio repeaters involved (two

C+N
N

repeaters, 1l1. 3 for ATS-3 8-watt repeaters, and 13. 8 for ATS-3 12-watt

per satellite). The ( ) ratios were 10,1 and 10, 8db for ATS-1 8-watt
repeaters. Only one S/N reading was obtained, 49.2 db for the ATS-3 12-
watt repeaters; with the 2 db improvement in video resulting from sync
reduction, this equates to a normal S/N of 51.2 db.

During the final two weeks of testing, the 12-watt repeater
C+ N

N ,
about 2 db over those obtained with the 8-watt repeater, which agrees well

aboard ATS-3 was used frequently. The readings were improved by

with the link calculations. Some readings of considerably higher levels

C+ N
N

considered measurement anomalies.

(e.g., up to'17.dB ) were noted in the final week; however, these are

2.3.4 Special Test of Hughes Receiving Station
A factor of considerable interest to the Corporation and other
prospective users of satellite communications is the feasibility of operéting
a small receive-only earth station in an urban e‘nvirlom"nent "withkoyut harmful
interference from radio relay ser‘viée‘s employing the same frequency band.

The TIE project affbrded ari opportuxiity'to evaluate this possibility in at



least one location, since the Hughes Aircraft Company has a 30-ft station
atop a 12-story building adjacent to the Los Angeles International Airport
in El Segundo, California. Accordingly, arrangements were made with
NASA and Hughes to conduct a one-day checkout of reception at the Hughes
terminal, using transmissions from Rosman via ATS-3. Arrangements
were also made to obtain data from informal monitoring of the ATS-3 trans-

missions by Hughes over a several week interval.

The Hughes test took place on March 3, at which time a S/N
(peak-peak signal ’co»ﬁvé'ighted noise) of 46 db was attained. This is quite
comparable to that attained at Mojave during the same period, indicating
tﬁat the lower-noise receiver at Hughes roughly compensates for the higher-
gain antenna at Mojave. Other' characteristics of the received signal (e. g.,
frequency response, diffefrwehtiel gain and phase, subjective quality) were

also judged comparable to those at Mojave.

An interesting observation bduring both the formal checkout

of this station and the several weeks of informal monitoring was the complete
absence of interference from radio relay systems operating in the Los
Angeles area. This was even more remarkable in that spectrum analyzer
~displays consistently showed a multi-channel radio relay signal only 25db
weaker than the desired satellite signal, and displaced in frequency by only

10 MHz. Whlle this did not consvtitute a conclusive test, it lends co‘nsiderable :
weight to the v1ew that small earth stations can be placed in an urban environ--
ment without harmful interference from radio relay systems partlcularly
: cons1der1ng that no special steps were taken in this case to sh1e1d the systems

from one another .

2.3.5 Summary and Conclusions

Despite the many extraneous dlfflculhes encountered durmg
the TIE project, a number of important engmeermg objectives were achieved,
First, it was clearly demonstrated to the satisfaction of both v;deo engineers

‘and viewers that highquality, ‘reliable television 'fran?.smission via satellife. o v
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could be provided on a routine basis. At the same time, it was demonstrated
that the maintenance of high-quality video service via radio relay links is a

demanding assignment requiring full-time attention.

Another significant finding was that even a relatively low-
powered satellite such as ATS-3 could produce acceptable quality video
(e. g.», 45+ db) into modest earth stations having 30 to 40 ft antennas. Con-
sidering the possibility of incréasing satellite effective radiated power by
at least 10 db in a domestic satellite system, there seems little doubt that
high-quality signals could be provided via even smaller, less costly stations.
Also, the demonstration that suppression or replacement of the normal sync
signal could provide a 3db or greater improvement in S/N performance
points the way to future operational procedures in any domestic satellite

system for video service.

Finally, the demonstration of interference-free reception at
the Hughes rooftop terminal in the IL.os Angeles basin offers considerable
encouragement with respect to the feasibility of siting future receive-only
earth stations in the immediate vicinity of the broadcast station, even in a

congested urban radio relay environment,

2.4 MOBILE SERVICES EXPERIMENTS
2.4.1 General

Mobile services expériments involvé radio communication
~ between stations in which at least one station is intended to be used while in
motion or during haits at unspec'ifiedpoints. This ''in motion'' operation
iniposkes constraints on the antenna conﬁgurations and tfansmitt'er power
capabilities of the station. The challenge of the mb‘bilé service people in
the 1960's was to achieve the benefits of satéliit’e communicatiohs while
"employinig 'relatively)sm'all inexpensive terminals aboard ships and VVaii‘Cryaﬁ;. '
Communication betweén a sateliite and a mobile ship éta;tlon ,

- ywas first dembnstrated between Syncom I and the USNS;KINGSPORT in the
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harbor of Lagos, Nigeria on February 14, 1963 (Reference 318)., Communi-
cations tests during the ascent of Syncom I to synchronous orbit employed

a 30-ft antenna with three-axis stabilization and a 20-KW transmitter aboard
the ship which transmitted at (nominally) 7300 MHz and received (nominally)
at 1800 MHz (Reference 319). '

The first significant aircraft communication satellite demon-
stration employing a émall terminal was conducted in December 1964 when
a teletype message was sent to an operational jet aircraft flying over the
Pacific Ocean using the telemetry channel of Syncom III . It was from these
early demonstrations that the ATS experiments involving the application of
space technology to the mobile services were evolved. The ATS VHF experi-
ment was conceived to establish the feasibility of satellite communication
with mobile stations employing relatively small antennas and lower trans-
mitter powers. The use of the VHF repeaters on the ATS satellites at
approximately 149 MHz and 136 MHz permitted the use of these lower require-~
ments on the vehicle since the so-called "fre’e space loss'' was significantly
lower at these frequencies than at frequencies commonly used in space

communications.

7 In addition to the basic objective of demonstrating the feasibility
of mobile satellite communication using readily available, relatively inexpen-
sive mobile terminal equipment, the "VHF repeaters on ATS-1 and -3 provided

an opportunity to conduct experiments in the following areas.

® Evaluation of cost-effectiveness of satellite
communications in the aeronautlcal and maritime
mobile services. :

® Determination of the compatibility and potential
problems involved in application of satellite com-

munication in the aeronautical and maritime oper-
ating environments, ‘

. Evaluation of the interference potential between
-a VHF satelhte system and existing- terrestrlal
systems. :

T




® Evaluation of transionospheric and earth-

reflected multipath propagation between satellites

and mobile terminals.
A chronological listing of these experiments is presented in Table 2. 3. In
addition to the communications experiments, the VHF repeaters were
employed for an extensive program of ranging and position-fixing experi-
ments applicable to ship and aircraft radio determination systems., These

experiments are described in Section 3.

While the ATS VHF mobile experiments were being conducted
on ATS-1 and ATS-3, frequency management authorities were investigating
the feasibility of allocating bands in the VHF portion of the spectrum to the
mobile satellite services. After much study and debate, it was decided that
the high utilization of these bands by terrestrial services limited the potential
of expansion of any space services in the VHF bands and that it would be
more desirable to establish the aeronautical and mobile satellite services
in the UHF band. At the 1971 World Administrative Radio Conference on
Space Technology (WARC-ST), a major pbrtion of the band between 1535 and
1660 MHz was allocated to the aeronautical and maritime mobile services.
This shift from VHF to UHF led to the development of an '""Li-band' repeater
within the ATS program. This repeater was substituted for one of the C-
band repeaters on ATS-5 which was launched in August 1969, The L-band
repeater Was.intend'ed to furnish a space platform for the development of
mobile L-band satellite communications, but due to a launch phase problem,
the satellite could not be despun to permit proper use of the directive L-band
antenna and the full capability of the repeater was never utilized. Despite
this problem, some ’significan‘t navi'gation and ranging and pfopagatiori expe‘ri-
ments were conducted at Li-band. The only communications tests at L-band
on ATS-5 were conducted on the ESSO BALTIMORE by the U, S. Maritime
Administration, These tests involved time compression of a low data rate
teleprinter circuit such that pulses of a higher data rate could be transmitted
through the satellite repeater during a brief period of each satellite spun |

cycle that the L-band "arit'enna illuminated the earth's surface.




TABLE 2.3

SUMMARY OF ATS MOBILE CCMMUNICATION EXPERIMENTS

Agency/ Frequency
Date Contractor Experiment Title Band(s) Type of Test
Nov, 1968 GSFC FAA Experiments VHF Link interference
thru FAA L-band Multipath
May 197} Teleprinter & data transfer
performance
Spin modulation
Feb. 1970 GSFC Airline Industry VHF Signal level behivior
thru ARINC Antenna performance
July 1970
Mar, 10, 1967 GSFC USCGC Klamath VHF Voice communication
thru UsCcG
May 20, 1967
July 19, 1967 GSFC USCGC Staten Igland VHF Two-way teleprinter
thru UscCG Voice communication
Oct, 23, 1967 .Ship-to-ship communication
) with USCGC Glacier
Oct. 1967 GSFC USCGC Glacier VHF Two-way radio teleprinter
thru UsCG Two-way voice communication
April 1968
Feb, 1968 GSFC SS Santa Laucia VHF Propagation characteristics
thru MARAD Voice channel performance
June 1968 Digital data performance
Time synchronization
performance
April 16, 1968 NASA Meteor VHF Antenna pattérn measurements
thru Germany : Link performance - SNR
Aug, 2, 1968 Voice channel performance
Data transmigsion
Ship-to-ship communication
with GAUSS
Oct. 1967 GSFC USCGC Casco at VHF Radio-teletype communication
thru UscaG Ocean Station BRAVO Two-way voice communication
April 1968 : . Ship-to-ship conimunication
& Oct. 1968 with USS Josephus Daniels
thru
Jan, 1969
Aug, 1970 NASA S§S Nieuw Amsterdam VHF Radio-teletype ¢ommunication
thru Netherlands : : Voice communication
Feb, 1971 : . SS Atlantic Crown Facsimile transmission
cT {(NBFM & SSB)
Aug. 17,1970 NASA ; Atlantic Causeway. VHF Voice communication
thru United Kingdom LT Teleprinter communic¢ation™
Dec. 17, 1970 Facsimile transmission ’
. ' : : ) Selective calling tests
Jul, 1973 GSFC ESSO Bahamas VHF Voice communication
thru - ) Teleprinter communication
Feb. 1974

Facsimile transmission
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2. 4.2 Aeronautical Experiments

Prior to the launch of ATS-1 in December of 1966, an exten-
sive program of flight testing was developed by a number of U.S. govern-
ment agencies and industry organizations, In particular, the Federal
Aviation Administration (FAA), Aeronautical Radio, Incorporated (ARINC),
several individual airlines, and several airline communications equipment
suppliers established ground stations and installed various versions of air-
craft flight instrumentation packages for the flight tests. The most exten-
sive aeronautical flight tests were conducted by two major experimenters:

the FAA and a group of organizations loosely called "airline industry'.

The first experiments with aircraft in flight employing the
ATS-1 satellite were perforrﬁed by the FAA just after launch in December
1966. Flight and ground tests involving an FAA aircraft (N-376) and’seVeral
FAA regional communication facilities were conducted to obtain preliminary
information on voice transmission capability, the potential of VHF inter-

ference and to establish criteria and procedures for later experimentation,

,Later in May 1967, the FAA conducted an extended flight test, again using

ATS-1, in cooperation with NASA. The test was conducted for the purpose

~ of measuring the communication link performance between a ground terminal

and an aircraft equipped with a specially désigned VHEF SATCOM antenna.

The basic obje'ctives,of’the FAA aeronautical mobile VHF satellite link tests
were satisfied. The results showed that voice communication between

ground terminal and an air‘craft was indeed’pos sible.‘ The results also

showed thaf fﬁrther equipment modification and tests were féquired to remoﬂre ,

interferences, improve the signal-to-noise ratios, and to evaluate the

impact of earth-reflected multipath signals on system i‘elié.bility (References

320 and 321),

The airline industry expe,riments were conducted to determine

the technical characteristics of an operational satellite VHF air—g“round,—air

voice and data communications system and to verify fhat the ‘application of
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satellites to the VHF aeronautical mobile environment was practical with
state-of-the-art spacecraft and avionic equipment. The experiments were
designed to measure critical parameters of the VHF signal received from
the ATS-1 and ATS-3 satellites by specially equipped aircraft, flying typical
over-ocean routes in the Pacific and Atlantic regions and land routes tra-
versing the continental United States. Similar measurements were made

at ground observation stations during transmission by both the test aircraft

~ and the NASA ground station.

The results of the initial phase of the airline industry tests
conducted between 1967 and 19 69 may be divided into two categories. First
were the signal level behavior (or propagation) tests which are described

in Subsection 3. 7. Second were tests to develop aircraft antennas for oper-

‘ation in a VHF satellite communication system. The aircraft antennas

tested during this phase of the program suffered various limitations such
as: lack of circular polarization (high ellipicity) at the lower elevation
angles, low gain at the lower ''look-angles'', poor efficiency, excessive

drag, inadequate power handling capability, compromised bandwidth, and

instabilities due to routine exposure to wide changes in moisture and thermal

envir'o’nment.' While these early experiments were being c0nducted, the
Airlines Electronic Engineering Committee (AEEC) prepared ARINC char-
acteristic 566 (Reference 322) which defined the technical characteristics |
of equipment intended to allow implementation of an airborne VHF satellite
capability. This characteristic, in addition to other joint efforts within the
avionics industry", led to the development of experimentation with VHF
SATCOM antennas suitable for use on production 'afirc.raft or for retrofit on
existing jet:fleets. The antenna incorporated ur.n'i,quér de.si’gﬁ featﬁres found
'deSifablg as a result of experiments with eax;iile'r test antennas. | |

A Boeihg 747 aircraft WaS"faétOry equipped with racks and

wiring to accommodate ARINC characteristic 5663nd was fitted with a

: special VHF SATCOM antenna. This led to further significant airline flight ‘
" testing in 1970 with a Boeing 747 airc‘ravft‘operaﬁn'g on regularly scheduled
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Pan American flights. The limitations of these early antenna designs were
largely corrected with the VHF SATCOM antenna. A series of in-flight
tests conducted between February and July 1970 appeared to justify the
developmental effort which it involved. Its performance indicated that it
maintained its circularity of polarization while contributing positive gain at
most azimuths and at elevations above 20°, It provided good SATCOM
communications against the linearly polarized radiations of ATS-1/ATS-3.
The antenna patterns, gain, impedance match, power handling capability,

and efficiency, all showed that the slot-dipole served satisfactorily as a

VHF satellite communication aircraft antenna. While it was not possible

to adequately study the performance of this antenna at the very low look
angles, it was apparent that this‘ probably would not be a serious problem.
Only one significant test was conducted through ATS-3 with the aircraft 'at
the radio horizon. Classical multipath fading was present with an amplitude

of approximately 4 db peak-to-peak, yet was not destructive.

The results of the airline industry experiments conducted on

the ATS satellites demonstrated that a VHF aeronautical satellite service

was technically feasible and that both spaéecraft and avionic equipment

required was within the state of the art existing at the time. The results
of the propagation experiments indicated that while there were peériods when
significant ionospheric scintillation could be expected and that‘multipath

fading could prbduce significant short term fading, a reliable system could

- be obtained by incorporating system margins within the capability of space-

craft powers available with contemporary technology.
In addition to the two major experimenters diScﬁssed above,
other agencies conducted significant experiments but of lesser scope. One -

notable experimentef was the USAF who demonstrated that helicopter/ground

“and helicopter/air corrimunication links could be established for certain

conditions and evaluated the effects due to the héliéopter rotor on sﬁch links

(Reference 469).
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In the course of the ATS aeronautical test program at VHF,
another notable experiment was conducted in conjunction with the investi-
gation of conjugate auroral phenomena as part of an International Geophysical
Year (IGY) scientific project. In this experiment, voice communication was
accomplished between two jet aircraft flying at high altitude in opposite
hemispheres through the use of the ATS-1 satellite. The flights were con-
ducted to study the seasonal assymmetry of auroras by comparing auroral

forms and intensities during equinox periods (Reference 242).

2. 4.3 Maritime Experinrents

The launch of ATS-1 in December 1966 and the subsequent
success of the first VHF aeronautical tesvts stimulated interest in a number
of U.S. government agencies (as well as foreign governments) interested in
maritime communication. The agencies first to take action directed toward
estabiishixrg a VHF maritime satellite test program was the U.S. Coast

Guard and the U.S. Maritime Administration,

2.4.3,1 U.S. Coast Guard Tests

Between early 1967 and the summer of 1970, an
extensive experimental prograrn in satellite communication was conducted
by the U. S. C‘oast Guard employing the VHF repeaters on the ATS-1 and
ATS-3 satellites. The communieati;.ons ?ortiony of the USCG program involved
the installation of VHF satellite communications terminals on four ships:
the KLAMATH, STATEN ISLAND, GLACIER, and CASCO. The USCG also
installed satellite terminals on three other ships--the RUSH, VALIANT,
and ROCKAWAY --but these were employed to support noncommunications
experiments  The RUSH and VALIANT supported a series of VHF ranging
and p051t1on flxlng experlments while the ROCKAWAY supported the Barbados
Oceanographlc Meteorologlcal Expenment (BOMEX), dlscussed in Sectlon 3

The USCG commumcatlons test program began with

the 1nsta.11at1on of a leased termmal on the CGC KLAMATH in February 1967
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(Reference 467), The terminal was fabricated from readily available,
relatively inexpensive equipment. The purpose of the KLAMATH tests was

to initially evaluate VHF satellite communications between a ground-based
station and a ship at sea. The tests included evaluation of voice transmissions
(16F3 emission), teleprinter error rate (200 Hz tone shift), and RF carrier
level measurements of the satellite signals aboard ship. Tests were con-
ducted between March 10 and May 20, 1967 at Ocean Station NOVEMBER
(30°N, 140°W) and in the Gulf of Alaska Aleutian Islands and Bering Sea.

Subsequent to the KLAMATH tests, VHF satellite
terminals were installed on two polar icebreakers (the STATEN ISLAND
and the GLACIER) and another high-endurance cutter (the CASCO). The
STATEN ISLAND performed additional tests between July 17 and October 23,
1967 in the Gulf of Alaska, Bering Sea, Chuckchi Sea, and Arctic Ocean.
From October 1967 to April 1968, the GLACIER conducted a series of tests
in the mid- and South Pacific, McMurdo Sound, and the Weddell Sea using
both ATS-1 and ATS-3 satellites (Reference 472). The CGC CASCO was
equipped in August 1968 with a VHF satellite terminal fabrlcated at the

USCG Laboratory which was used to conduct tests from August 12 to Septem-

ber 13, 1968 at OCEAN STATION BRAVO (56°30'N, 51 OO‘W)and from
October 7 to November 7, 1968 at OCEAN STATION DELTA (44°N, 41°W).
These tests were conducted to obtain data on the effectiveness of VHF satel-
lite communications from the North Atlantic _and to investigate the .feasibility
of VHF satellite communication between a ground station é.nd a ship on

ocean station duty (Reference 475).

7 The results of the UscaG experunental program
demonstrated that a satelhte relay would improve shipboard communications:

and that such communications could be achleved by use of readlly avallable,

rela.tiVely inexpensive equiprnent operated by shipboard persannel.

’ 2 4 3 2 U S Marlhme Admlmstratmn Tests

Early in 19 6'7 ‘the U.S. Maritime Admmstratmn

o under the Department of Commerce initiated an experimental program to
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perform tests aboard the S.S. SANTA LUCIA, a 560 ft, 9313 gross ton
general cargo merchant ship (Reference 178). This program resulted in a
series of tests employmg both ATS-1 and ATS 3 during two voyages between
Port Newark, New Jersey and Valparaiso, Chile during the early part of
1968. The test program included the evaluation of voice channel signal-to-
noise ratio, 600 bps data transmission, signal propagation characteristics, |

system noise and interference characteristics and transfer of time synchroni-

zation signals between shore and ship. The program demonstrated the

feasibility of employing space techniques on board a commercial merchant
ship and concluded that such techniques could provide a variety of long-range

communications junc’cions aboard merchant ships on the high seas.

Later in 1971, the U.S. Maritime Administration
sponsored an experiment to demonstrate a two-way communications link
between a shore based terminal and a ship via the Li-~-band transponder on
ATS-5 (Referénce 323). This experlment was conducted on the ESSO
BALTIMORE and employed a burst type of data transmission to overcome
the constraint imposed by the spinning antenna on ATS-5 which scanned the
earth approximately once every 783 milliseconds. The data sigrial was a

teletype operating at a nominal rate of 1C characters per second or approxi-
mately 100 words per minuf:e. This experiment demonstrated that consistent,
reliable communication could be maintained between ship and shore employing
L-band except that ship maneuvermg would require a sta.blhzed shipboard:
antenna platform and operatlonal programmmg mlght be required to avoid

solar blackouts .

- 2.4.3.3 General Electric/Exxon Tests

Another rnarltlme commumcatmns experirnent was '
conducted by the Exxon Corporatlon and General Electric Company from v
m1d July 1973 through February 1974 (Reference 292), Vome, teletype,
fac51m11e, and slow scan telev151on communlcatlons were tested be’cween

the Exxon offz.ces in New York City and the ES&O BAHAMAS, a 32 OOO ton
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tanker in service between the eastern United States and Venezuela., Position-
fixing services were also tested by the use of General Electric's tonecode

ranging technique which is discussed in Subsection 3.1,

General Electric's Radio-Optical Observatory, near
Schenectady, New York, served as the earth terminal for the communications
and position-fixing experiments. Signals from the Observatory were trans-
mitted with narrow bandwidth frequency modulation approximately 3. 0kHz

and RF bandwidth of 15 kHz,

Communication signals were received and transmitted
from the ship through the crossed yagi antenna wifch an effective gain of 7 db.
The basic unit was a General Electﬁc Master Progress Line transmitter/
receiver. A switch provided selection of voice, teletype, facsimile, ranging,
"and slow-scan television. A four-cavity bandpass diplexer provided for
duplex operation, although simplex operation was used most of the time.
Teletype operation was provided at ten characters per secbnd with a teletype
Model ASR -33 and at ten and thirty characters per second with a General
Electric Terminet 300, Facsimile communications were provided by a -

- Xerox Model 400 and a 3M Model 603, Slow-scan television was tested
with developmental RCA "Videovoicé“ units. Videovoice provided slow-scan
live camera transmission at 60 seconds per:frame. All video transmissions

are accomplished in a 3 kHz voice bandwidth.

Voice communications were of h1gh quality. M0st
were conducted in the snnplex mode, but the duplex mode was also used.
Nearly all of the test coordination and control was by v01ce,_ but it was not
the primary mode for Qperationé.l messages. No significant reduction in

voice‘ intelligibility was observed when the satellite was on half power.

Teletype proved to be the most useful, re‘liable,‘
and error-free transmission mode. It was the least susceptible to satellite
power reductmns and noisy channel conditions, Transmission time can be

eff1c1ently ut111zed smce prepared tapes allow optlmum word selectlon and




high-speed transmission. In addition, teletype provides good flexibility in
switching and computer access compatibility necessary for efficient pro-
cessing. Figure 2.4 shows a typical message sent by teletype to the ESSO
BAHAMAS. Teletype quality was classified into three categories: No
Errors, Some Errors, Badly Garbled. About 90% of the messages fell into
the '""no errors'' category. ''Badly garbled" ones were mostly attributed to
computer irregularities at the earth station., Messages with '"some errors'
usually caused little reducticu in intelligibility and when numbers were
incorrectly tranémitted, the errors were indicated by a standard procedure
of repeating all numbers in a number correlation sequence at the end of

each message.

During most of the experiment, good quality facsimile
was exchanged between the ship and shore. Figures 2.5 and 2.6 show several
typical facsimile transmissions received by the ESSO BAHAMAS. Consider-
able reduction in quality was experiencéd when, in a reduced satellite power -
mode, interference existed‘f.rom shipboard electrical equipment, receiving
and transmitting facsimile machines were out of phase or synchronization,
or noise conditions were pres‘erit on the telephone line. When these phenomena

were absent, the quality was almost as good as when the machines operated

with direct connection,

2.4.3.4 Foreign Participation

Following an invitation by NASA, the Bundes-Republic
D‘eutchland,carriéd out an experimental program with the ATS-3 satellite
du;ﬁing the summer of 1968 (Reference 300). Communications tests were

performed employing the research ship METEOR and a survey and research

ship GAUSS. A series of tests involvin’g' two-way voice, two-way digital

data, kdetermination of p:&opagation characteristics and determination of
lines-of-position by ranging were accomplished with the METEOR operating
in the North Atlantic and the GAUSS operating in the North Sea. The con-

‘clusions drawn from thesé 's‘hip—’co—ship tests further confirmed the feasibility
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of applying satellite communication in the maritime mobile service. These
tests also indicated that 300 to 400 watts of effective radiated power and a
receiver sensitivity aboard ship of the order of 0.1 to 0, 3 uV was necessary

for ship-to-ship communications.

Continued foreign participation in the ATS program
further demonstrated the feasibility of applying satellite techniques to mari-
time mobile communications, From August 1970 to December 1970, the
U. K. conducted tests on the ATLANTIC CAUSEWAY which evaluated the
performance of FM voice modulation as well as several forms of speed
processing (Reference 324), From August 1970 to February 1971, the
Netherlands conducted tests on the NIEUW AMSTERDAM and the ATLANTIC
CROWN. All the tests were performed in the Atlantic Ocean or Carribbean
Sea (Reference 325).

2.4.4 Conclusions

The ATS i)rogram included many user orien’ced applications
experiments that conclusively demonstrated that satellites could be applied
to both the aeronautical and maritime mobile communications and that
relatively small and inexpensive mobile satellite terminals could be used

to provide voice, teleprinter, data, and facsimile communications.

» AlthOugh no firm conclusions could be drawn concerning the
cost-effectiveness of applying satellite communication techﬁiques to the

mobile services, the ATS program provided a means of evaluating many of

the system parameters necessary for the definition of an operational system.

‘Thus, one of the first steps toward cost-effectiveness studies was fulfilled

by the program.

A number of potential technical and operational problems_,"

‘such as propaga’cion ariomaliés, signal proces‘sing requirements, mobile
terminal antenna 'systern‘s‘,’ eQﬁipment compatibility with airframe and ship-

‘board environment, geog'r'a;phic‘ coVérage from synchronous altitude, and -




multiple access requirements, were identified during the ATS experimental
program and many experiments were conducted to evaluate potential solutions

to these problems.

Interference potential was evaluated and provided information
for frequency management studies and sharing criteria requirements in the

VHEF band.

The results of the VHF experiments clearly demonstrated
the feasibility of applying VHF comrnunications techniques to the mobile
services. However, the need to investigate similar applications in the I.-
band region of the spectrum were scarcely begun in ATS-5. Much more
experimentation is required to establish the system parameters especially
in assessing the potential of multipath and scintillation fading in this band,
Also, further developmental work is required to establish that cost-effective

airborne and shipboard terminals can indeed be produced.

2.5 ALASKA

2.5.1 Background

The state of Alaska has 16% of the total area of the U.S., but
‘only 0. 15% of the population. Of the total population (about 300, 000), 20%
(about 60, 000) are natives (Eskimo, Indian, or Aleut). In some respects,
Alaska may be congsidered as two distinct entities: the urbanized areas
~{Anchorage, Fairbanks, Juneau, and connecting lands) which are predomi-
‘nately white, and the rest of the territory (Bush Alaska) which is predomi-
nateiy native. Most of the rurél ckommunitie.s are small villé.ges, ranging
in pbpulation‘from 25 o 1000,

Of the state's 180 native villages\,y ‘two thirds have access té
neither railroad nor highway. In most cases, transportation is by air, or
seéébnally by boat or snowmobile. These cox‘nmﬁnities, without land trans-

~ portation to other areas, also lack adequate communications facilities.




Over 100 communities rely on short-wave radio as their only rneans of
communications with the outside world. The most serious problems of
education and health persist in these small communities having a median

population of about 155 persons.

Because of their small size, most communities in Alaska
cannot obtain adequate medical and educational services. Paraprofessional
health and education aides often represent the only personnel with eny

specialized training in the villages.

In the fall of 1969, the state of Alaska responded to an offer
by NASA for the use of the ATS-1 satellite for additional communications
experimentation by requesting the use of that spacecraft for a number of
educational, informational, and health purposes. NASA approved this
proposal in the spring Qf 1970, There followed a year of equipment pur-
chasing and testing, utilizing the ATS-1 satellite. By the fall of 1971,
several specific experiments had been identified and prepared which would

utilize the ATS-1 satellite,

In August of 1971, a regular radio network was instituted
between National Public Radio and the University of Alaska radio station,
KUAC(FM). In September of that same year, experiments providing bio-
medical communication and educational assistance to Alaska's remote areas
utilizing the same equipment were instituted in 16 Villages (Reference 52).
This consortium was expanded to 22 members during the following year.
Table 2, 4 lists the participating members during the period 1971-73. As
indicated in the table, some villages were deacﬁvated after the first year
because of inactivity. The number in parentheses is aﬁ es~.mate of popu-

lation in 1973,
- 2+5,2 "Rationale

_ Comr_riunications is a problem for everyone in Alaska, but
most especially for the residents of rural Alaska. The peovle living in the -

& remote villages being the most isolated, have the greatest needs for r_eliable"
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TABLE 2.4

SATELLITE RADIO GROUND STATIONS IN ALASKA

Village v 7
Allakaket

Anaktuvuk Pass

Anchorage

Arctic Village

Barrow
Beaver
Bethel
Circle
Chalkyitsik
Emmonaks*
Fairbanks
Fort Yukon
Galena
Homer*
Hooper Bay*
Hughes
Huslia
Juneau

Kaktovik*
Kanakanak*
Kodiak
Kotzebue
Koyukuk

- Nome

Nulato ~
Ruby ;
St. Paul
Sand Point#

Stevens Village

Tanana
“Venetie .

Population

(168)
(97)
(5,700)
(82)
(415)
(86)
(9, 300)
(32)

(123)

(448)

(73)
(151)

(2,980)

(5, 440)
(124)

(298)

"~ (145)

(450)

(74)
(3,170)
(108)

% Dismantled m 1972

Installed In:

August 1971
August 1971
August 1971
August 1971
August 1971
April 1973

August 1971
April 1973

August 1971
August 1971
August 1971
August 1971

~August 1973

August 1971

“August 1971

April 1973
August 1971
August 1971

August 1971
August 1971
August 1971

 August 1971

April 1973

August 1971
August 1971
August 1971
August 1971
August 1971
August 1971
August 1971
August 1971




communications but enjoy the worst. Added to the generally poor quality of
those communications is the additional fact that they must pay the high rates

for telephone service where it is available.

The Federal Field Committee for Development Planning in

)

Alaska, in its study Economic Outlook for Alaska: 1971, established poor

communications as Alaska s number one inhibitor to social and economic
development (Reference 61). The state of Alaska is participating actively
in future satellite planning and well recognizes the potential of satellite
communications to solve some problems. Any experience that the state

ea.n gain through the use of experimental communication satellites will pro-
vide additional information which can be put to good use in the design of |

future operational satellite communication systems for the state.

2.5.3 Goals and Objectives

The state of Alaska's specific goals and objectives with regard .

to the use of the ATS-1 satellite are stated in outline form:

A. To gain experience in the use of a medical, educational,
and informational interchange between remote and urban

locations.

B. To isolate the advantages of satellite telecommunications.
‘C. To develop in-house (in Alaska) satellite communications
competence.

' 2.5.4 Organization

During theperlod from 1971 to 1973, the Alaska ATS-1 project

~was composed of three d1st1nct and separate exper1ments. However, because

of equipment sharing, frequent contact among experimenters was common

and essential.

An ATS-1 coordinator was named by the Governor in 1971,

o The Executlve Director of the Alaska Educational Broadcastmg Commission’

attempted to provide the - necessary coordmatlon between the three experlments.




Unfortunately, due to an overly heavy schedule and other burdensome com-
mitments, it was difficult at best for {4 coordinator to achieve the kind of

results necessary for complete coordination of the project.

Valuable lessons were learned in the 1971-72 experimental
period about the organization necessary to carry on satellite experimentation
in a coordinated manner. Corrections of this situation were made for the
1972-73 period. Figure 2.7 illustrates the organizational scheme for the

1972-73 experimental period.

A simple explanation of Figure 2.7 isfpi'actically impossible.

It should be noted here, however, that the opportunityl to utilize the ATS-1

satellite for experimentation in Alaska made it necessary for the various

experimenters to seek funds outside normal state sources, in most cases,

in order to participate. Whenever funds were located and allocated to the

project, there was, of necessity, a requirement fQ'r a reporting structure

and a hierarchy that would include the new funding source.

2,5,5 Biomedical Experiment

As was pointed out above, the Alaska project consists of three
separate and distinct experiments. All three experiments contribute to the
meeting of i:he stated goals and objectives. This section of the report will
dyeal with the biomedical experiment. | This project provided almost all
ground reception and transmission equipment and its techij.ica.l staff;also‘

provided maintenance for the educational experiment.

A brief discussion of the health care delivery s'ystem for the
remote areas of Alaska is a useful preliminary to e discussion of the medical

experimentation carried out in the ATS-1 project. There are four main

medical sectors in Alaska--U.S. Public Health Sefvice, State of Alaska
- Department of Health and Social Services, Privaté Sector, and Military

Sector. There are a multitude of smaller groups and organizations having

something to do with health care delivery. For example, in the 1972 Health

- Directory pu,bliShed”‘by the Alaska Medical Society, there are 21 volunteer



i

0%-¢

NASA Hq.

Governor
of Alaska

Sat. Exper.
Coord, -Governor's
Office of Telecomm.

LHNCDC
NASA/ARC AFCRL
Computer Scintillation
interreaction Stud. Studies
Bilomedical
Experimentor
Proj. Director
{managed by Geophysical Inatitute,
University of Alaska)

e

Doctors

Village Health

Aldes Technicians

NPR

KUAC(FM)/NPR
Interconnecct Exp.
Proj. Director

e v et corm e w— g — — i e = . =]

r

2

{managed by Division of Media Services,
University of Alaska}

U.S. Office of Education
HEW Reglon X
Educational
State-Operated Telecomm.
Schools Consortium
Education
Experiment
Proj. Director
1
Teachers |~ -i
l Village
Evaluator i Residents Asdit

Figure 2. 7.

| A B

Chief Engineer

Program Director

Program Manager

I

1

Field Producer

Organization of Alaska ATS-1 Project, 1972-73,




organizations listed, none of which are the local boards of health. In general,
however, health care for residents of remote areas is provided by the Alaska

Area Native Health Service (AANHS).

The health care delivery system organized by the AANHS in
the last few years is a result of the problems peculiar to Alaska. The pri-
mary health care personnel are medical aide residents in the remote com-
munities who are equipped with small amounts of drugs and medical supplies.
The medical aide is employed by the village council with funds supplied by
the Native Health Service. The responsibility for health aide training pri-
marily rests in the hands of the Comfnunity Health Aide Program (CHAP)
of the AANHS headquartered in Anchorage. | Secondary 'resp‘onsib_vili.ty rests
with the state of Alaska. The health aide training program consists of a
series of seminars and workshops présented in Anchorage by the staff of the
AANHS. Itinerant nurses of the Alaska Division of Public Health provide

some in-service training to medical aides.

The secondary caré centers of the> system are Public Health
Service (PHS) Se'r;vice Unit Hospitals located in seven Service Unit Districts
‘throughout the state of Alaska. The Service Unit Hospitals are small, with
20 to 50 beds each and 2 to 6 physicians resident at the hospital. The
physicians at the Service Unit Hospital supervise the care of the patienfs in
their Service Unit Dirrs,trict with the assistance of the medical aide who lives
in fhe village, U‘ntii the advent of the ATS-1 system, most communicatiohs,
including emerge.ncy 'rlequests for evacuation of pafients ; Were handled by
HF radio. Communications between the hospital and the peripheral group

of villages was less than 20% éffective when attemptéd by' HF radio. .

| With‘rthe advent of the ATS-1 satellite, it was ‘pos sible to
esfablish réli.able ‘communication between the remote communities and the
Service Unit Hospitals. In addition, it was pos s‘ible to establish ‘c‘omrhuni-
cations betweeh the‘medical .c'enrtyeyrs in Fairbanks and Anéhorage and small
~hospitals in the p_rivaté sector of Alaska. The basic premisye of the experi-

ment may be simpiy stated: given reasonably reliable communication
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between urban and remote areas, determine what useful information may be

transmitted between these areas to improve health care delivery to the public.

In the spring of 1971, the Geophysical Institute of the University
of Alaska negotiated a contract with the Lister Hill National Center for Bio-
medical Communications (LHNC BC); National Institutes of Health (NIH); U.S.
Department of Health, Educatlon, and Welfare (HEW) for the conduct of an
experiment to explore some of the problems of remote ‘areas and to attempt
to determine solutions (Reference 61)., The goals of that project were as

follows:

A, Establish a ground station network of approximately 25
stations in Alaska. These stations were to be capable of communicating

with each other using th'e VHF transponder on the ATS-1 satellite;
B, Operate and maintain the ground station network;
'~ C. Conduct certain propagation studies;

D. Coordinate the use of the network by various experi-

menters; and

E. Evaluate utilization of the network with particular

emphasis on the med1ca1 problem.

Further negotlatlons with LHNC BC and the Office of Education
(OE, HEW) added two requlrements '

® Establish remote terminals in school classrooms at a

selected number of the ground stations for use by the local commuf;ity.

@ Evaluate the use of the educational programming conducted

over the 'network.

~An extension of the contract with LHNCT‘C was negotlated in
the spring of 1972 An amended series of goals based on prevmus exper;— :
mentation - was agreed to. The goals and objectives under the new contract |

(effective from June 11, 1972 to December 21, 1972) were as follows:
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® Continue the coordination, operation, and maintenance of
the ground station network with the following restriction: the task will be

confined to medical traffic only;

® Design and conduct additional experiments in continuing

education of health aides in remote communities;

® Assist in the evaluation effort being conducted by Stanford

University;

® Design and install an alarm system for remote villages to -
alert satellite controllers and operations centers that a medical emergency

exists;
® Remove unused ground stations to new locations; and

® Assist in the Washington, Alaska, Montana, Idaho (WAMI)

medical program,

As may be seen from the above list, the experiment, or
series of expériments, evolved during its conduct, At the outset, the Geo-
physical Institute was charged with evaluation of the operation of the network.
The addition of more and more participants in the program was vClea,rly beyond
the scope of the organization. The Lister Hi’ll Center negotiated a contréct
with Stanford University to conduct an’ evaluation and audit of the medical =

portion of the experiment,

~ During the summer of 1971, ground stations were installed
in 26 communitie‘s in Alaska for twé—way audio communication via the NASA
ATS—l’ experiment satellite. Nine of these stations wére located in villages
in the Tanana Service Unit which are served by native health aideé. Other
‘ground stations in the Unit»wer'e installed at the Tanana Hosi)ital and Fort
. Yukon where there is a nurse. Ground stations were also located at the
~Alaska Native Medical Cénte_r (ANMC) in Anchorage and in 13 other com-
munities, several of which 'had doctors. The Alaska contrO‘Ir-stat»ion (Mini-

track) is at the University of Alaska near Fairbanks. Infl97_j2}, six grbund‘k ;
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stations were moved from sites where they had received little use to five

other villages in the Tanana Service Unit (Reference 52).

The primary use of the ATS-1 network has been for a daily
vdoctor call between the doctor at Tanana and the remote health aides in the |
Tanana Service Unit. Prior to the installation of the satellite radios in the
villages, the doctors at the Tanana Hospital tried to éonduct the daily doctor

call through HF radio.

In an attempt to isolate the effects of the introduction of the
new technology from other factors influencing health care delivery in rural
Alaska, a group of ﬁihe villages, equipped with satellite-radio, were desig-
nated as the "experimental villages''. These were Allakaket, Anaktuvuk
Pass, Arctic Village, vCha’lkyitsik, Huslia, Nulato, Ruby, Stevens Village,

and Venetie.

To examine the diffe“rence attributable to the satellite radio,

 statistics were gathered for the year ‘i‘mr.nediately befo're the introduc'tibn of
the satellite ground sta’cion‘s.‘ Some of the changes from one year to the next
might have occurred without the introduction of the satellite-radios however.
To provide an appropriate baseline for comparison, a group of villages in
the Tanana Service Unit which did not have satellite radio were studied durin.g
the same three-year period. Mid-August of 1971, the average date of satellite
grbund station inStalla‘ﬁon, Was used as the dividing point for the before/after
comparison in the éontrol villages. Doctor-initiated doctor call ses sions
were held before and avfter‘ the éat’ellite installation in all villages, experi-
mental, and‘_control units. No turnover of health aides occurred to affect the |
’experimental‘data. | EVRY, | ’ ,

» _ The radio logs at Tanana Hospital and at the Minitrack,'s;l:ation
at Cbllege were examined to deférfnine the frequency of ,i‘adio c:Oni:a.c*;ti-be'tWeen
- Tanana and each of the villages during the th'zi'.'ee‘-yeair per'io'd; For. the nifie
expé,rimental villéges, the da.té, presented below kyiilcklude the calendar -yeé,r’

- immediately before»é.nd‘afte_r the installation in each village, and a second |

year, beginning in October 1972.
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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 2. 5). Only four control
villages were used for this analysis because the villages of Birch Creek,
Circle, and Fagle did not appear in the radio logs for this period. The
percentage of days with radio contact was calculated on the basig of a 365-
or 366-day year, even though there were a number of days when the satellite

was not available,,

. The change in radio contact in satellite villages amounts to
an increase of more than 400% for the first year and more than 500% for
the second year following satellite radio installation. These differences are
statistically éignificant 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 control villages with highf-frequency ’radio’contact

is not statistically significant, and may be just random fluctuation.

In April 1973, satellite radios were i_nstalled in four additional
villages at the request of the residents. This group of villages--Beaver,
Eagle, Hughes, and Koyukuk-—offereﬂ an additional possibility of comparisbn
between this new group and the villages where the satellite had been dperating
for more than a year. These “old" ‘satellite villages were used, therefore,
as a control group, and the four '"new' satellite villages were the experimental

ones.

; The results of this study, which are presented in Table 2. 6,
confirm the pr‘eyvious ahalysis—-that the installation of satellite radios increases
dramatically both the number of contacts completed and the number of medical

cases treated.

‘Doctors at Tanana Hospital communicated daily with health -
'a'idas at 13 villages and with the registered nurses in éhargé of the clinics
at }'ort xukon and Galena. Of the 13 villages, 9 had been using satellite
. radlos s1nce August 1971 and 4 smce April 1972,
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TABLE 2,5

DAYS OF RADIO CONTACT WITH DOCTOR
BEFORE & AFTER INSTALLATION OF SATELLITE GROUND STA TION

Villages (4) 44.0

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

BEFORE
(1970-1971)
average % of
number poss.
of days days
. Experimental . :
- Villages (9) 5.7 14,0
" Control ,
12,0

AFTER

(1971-1972)

average
number
of days

270.2

24.3

(1972-1973)%*
% of average % of .
poss. number  poss.
days of days days
4.0 310.0 85.0
7.0 N/A** N/AX*

**Three of these four villages { Beaver, Hughes, and Koyukuk) had satellite radios

installed in mid-April 1973,

radio, but no record of contact appears in the Tanana Hospital log.

The fourth, Rampart, continues operation with HF




TABLE 2.6

"OLD'" AND "NEW" SATELLITE VILLAGES

Before First Year After
Days with Radio Contact w/Doctor
New satellite villages (4)* 44,0 (12%) 278 (76%)
Old satellite villages (9) 51.7 (14%) 270 (74%)

New Medical Cases Treated
(average and episodes per 1000 inhabitants)

' New satellite villages (4 24,7 (286) 158. 4 (1, 604)

Old satellite villages (9) 47.1 (330) | 184.6(1,291)

*In the sample of four villages, one of them (Rampart) was replaced in the
analysis for the ”first-year-afterfsatellite"'perio_d by another viilage (Eagle)
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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

1972, and a third doctor was added as a radio consultant in mid-1973,

Traffic with medical content occurred on 67% of the total
village days and the average health aide discussed or exchanged medical
messages (either patient consultation and/or medical administrative matters).
January and February had the lowest percentage of medical content (on

about 53% of the total days).

The variation among villages is notable. There was one
village (pop. 159) with content to transmit on 88% of all the days of the year,
while another village (pop. 84)had medical traffic on only 48% of all days.
On 19% of all days (or 34% of the‘ ”cémpleted contacts' ), there were '"neither
patient consultations nor administrative matters to exchange that day''. In
colder months, there tended to be more contact days without medical traffic

than in milder months.

The radio logs at Tanana and the Minitrack station at College
also permitted an analysis of the number of new episodes discussed by the
doctor with the health aide in each of the villages contacted during the doctor

sall, Compared to HF contacts in the year previous to satellite installation,
| the number of cases managed by satellite radio showed almost a 300% increase
in the first year, and more than 400% for the second year, against a back-
ground of a ‘slig_htly declining number of patients treated in the HF radio
villages. -Table 2 7 shows the number of new episodes in the exp;lermental
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
contact other than follow-up visits within a few days. ) The increase in the
satellite cases was statistically significant (first yee_ir: t="12.5, df = 8,

p <.001; second year: t= 23.4, df = 8,p <. 001). (see Table 2. 7).
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TABLE 2.7

NEW EPISODES 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 )% NA

*Episodes per 1, 000 inhabitants




Consultation was sought in about 2/3 of the cases seen by the
health aide. The health aides of the 13 villages made 3, 020 patient consul-
¢ tations in 1973, Given that the total population of these villages is 1, 700
and four villages entered the system in April, this amounts to about 2.0
radio-consultations per person annuatly, or around 10, 6 radio-consultations
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 ratio-

consultations per capita (maximum 3.7, minimum .95). Not enough infor-
mation 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% 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 occurred on 2/3 of the days; in some

others, on only 1/4 of the days.

Each village discussed an average of 282 items per year,
or .95 items per po‘ssible contact (maximum 1, 9, nn.inimum 0.5). The
variation across months of the year was not seasonal (maximum 1. 2,
minirnnm 0.7). " Twenty-three percent of the total contacts had administrative
matters as their onlsr content. |

~ During 1973, the 13 vil‘iages used 13,944 minutes (232 hours)
of satel'lite time., This was an average of 4. 3 minutes per average day per
v111age (4. 8 minutes on weekdays and 2. 6 mlnutes for weekend days ), or

about 9. 3 minutes per person per v111age annually Qut of that t1me, 2%

was used for patient consulta.tlons.

The lack for the village aide, of immediate contact w1th - '

the hosp1ta1 in emergency cases was a factor in dlsab111t1es and deaths.

An analys1s done by Brllan Beattie; M., D.‘ (Reference 252) on emergency

cases showed that:
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1. Lack of communication within a reasonable time made a
difference in the outcome of four cases out of a total of ten deaths which

occurred in the period he studied; and

2. 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.

However, at the time of the study, the health aides in the
"satellite villages'' had to wait to be callad in order to have contact with
the doctor. They could not call him. After this study, ''alarm buttons'
were installed in the health aides' houses to call the hospital in emergency
situations. After the installation of those buttons m late 1972, no case was

recorded as not having been achieved within a reasonable time.

During 1973, there were 45 emergencies r‘ecorded, some of
which i.'n{rc.alve.d' ndore than one patient. Sevénty percent of the emergencies
resulted in evacuation of the patient to the hospital, and 20% were resolved
by consultation with the doctor. The remaining 10% were either labelled as
""nonmedical emergencies“ or no ki‘n.formation about their nature was recorded.

The folloﬁihg is a list of some typiéal emergencies for which
the alarm buttons were activated: '

1. Koyukpk activated the medical alarm signal at 1800Z 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 173OZ on

May 6. A patlent with chest pam, treatrnent recommendpd n1ne mmutes used

3. Nulato actlvated med1ca1 alarm 51gna1 at 05382 on May 14
Patient in severe pain and depressmn., Recently had surgery and radlatlon

treatment for cancer. A1r transportatlon to Tanana arranged for followmg

morning.

2.51




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.

Table 2. 8 shows a breakdown of the severity of the cases
consulted during the latter half of 1973, During this period, only 0. 5% of

the cases were considered very severe or acute.

In half of the cases (categories 1 and 2), the health aide, in
the opinion of the doctors, had planned, or could have planned, correctly
on his own judgment., Of the remaining cases, 20% required minor changes

and 30% major changes (Table 2.9).

In 70% of the 2, 004 cases, the doctors recorded their asse’ss-
ment 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%), a definite effect was predicted.

It is important to provide quick transportation service to the
hospital when needed. The satellite radio has provided reliable means to

call for that service.

The issue of travel authorization was considered in 9% of the
- cases. Travel was authorized to a central facility in 19% of these cases, oOr
2% of the total. This means there were about five authonzatmns per month

one urgent and four routine. -

2.5.,6" Educ.-.e'tionalExperiment

Educational broadcasting via ATS-1 satellite to remote

' Alaskan communltles began in October of 19 71 (Reference 61),  Two hours
% . aday Were avallable for educatmnal broadcasts Since no prowslons had
been made for program productlon, the educatmnal project director drew

“upon 'other organizations as well as the' rural listeners for help in programming.

The initial months were cr1t1cal 1n program development and

| acceptance of programs by the satellite v111ages  Of the 22 potent1a1 v1llages
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TABLE 2.8

SEVERITY-COMPLEXITY OF THE CASES CONSULTED

Number of
Consultations Percentage

1. Simple question about medication,
reaction, or use of household
remedy, etc. . 71 4,1

2. Patient conseling about proper
health habits, social or psycho-
logical problems 61 3,6

3. Routine screening, history, and
physical on an asymptomatic
individual, e.g., school or
athletic evaluations 79 4.6

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

5. Evaluation of new minor, but
symptomatic problems related to
a particular .organ system, URI,
urinary tract, etc., with little
potential to become severe problem
or chronic disease process with
little potential for morality 1108 S 6401

6. ' Evaluation of new moderately
gevere problem with potential for
deterioration to severe problem or
to disability or chronic disease
Process with moderate potential
- for mortality L L 84 4.9

7. Evaluation of acute problem pro-
- ducing severe symptoms or potential
disability or a chronic process with
high potential for mortality 6 .4

"8, Evaluation of continuing severe
- problems of life threatening pro-
. portions requiring analysis of several
diagnostic-and therapeutic possibilities
and frequent evaluation of course and

therapy - - ~ , R ¢ ‘ S
o , 1712 : . 100.0
Unreported severity 7 292 :
Total cases o . 2004
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TABLE 2.9

HEALTH AIDE VS. DOCTOR TREATMENT

Number of

Consultations Percentage

Confirm health aide treatment 481 30. 4
Suggested treatment, but aide 7
could have managed 331 V 20.9
Made minor treatment change - : 288 - 18. 2
Significant change or addition to -
management ~ 484 30. 6

‘Total reported cases | 1584 100. 0

~ Unreported , 420 TR
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within the network, a core of 14 participating villages made up the educational
network. Characteristically, each participating villagé shared the attributes
of remoteness, lack of any radio communication, and cultural unity with

other participating villages. The programs that were developed came from
the people within the network, and these programs reflected the needs of the
villagers. At the same time, urban organizations were quick to see how

ktheir programs could be extended to rural areas, and added their participation
in the planning and development of programs. In this way, the Alaska Library
Association, Tanana Service Unit Board of Health, and the Fairbanks Native
Communify Center became involved in satellite broadcasting. By the end of
December of 1971, educational programs were exploring audience needs for
information, instruction, and communication. Programs maintained 'artrcon-
sistent schedule from December until June, when many villagers left for
summer subsistence activities or seasonal employment. During the summer V
months, educational broadcasts were on the air for one hour due to the

~ small village audience.

A measure of the ut111zat10n of the satellite by the rural villages
is shown in Table 2.10, These data were obtained by monitoring broadcast
and recording the number of résponsés from each village for a two-year
period. Clearly, some villages were more active than others. In most

cases, the participation remained fa'irly constant from one year to the next.

From the early months of broadcasting, two distinct kinds’ of
programs emei‘,ged: service programs which followed the format of telephone
interchanges, and instructional/educationalkprograms for the coirizhuxiitiy and

the school,

: Ins,truc‘tiorialy programming was at first r‘u‘difnentary"and'
und,irekcted as the satellite project kex‘plovred the educational ﬁeeds of listeners.
A series of radio programs that had beén produced for the University of

Alaska FM radlo statlon Was chosen as the first material for instructional
“Crossroads in Tlme” was a series of 13 radio programs about the Atha—

paskan Lndlans
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Village

Allakaket
Anaktuvuk
Ai‘ctic Village
Barrow
Barter Island¥
Beaver*®.
Chalkytsik
Fort Yukon
Hughes*
Huslia
Koyukuk
Nulato

Rub)f ‘

-St. Paul
Stevens Village
Tanana

Venetie

TABLE 2.10

Number of
Responses

40
133
12
30
3
12
31
-6
27
8
14
91

- 83

3
16
92
52
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PARTICIPATION BY SITE
JULY 1972 THROUGH MAY 1973

July 72-May 73
Percent of

Oct. 71-May 72
Percent of

i vt sk i i i et

Participation Participation
35 35
64 51
6 23
14 7
2 10
31 -
15 22
3 11
52 in
37 34
27 -
44 41
40 41
1 2
8 16
44 32
25 44




The first of a series of programs for classroom instruction
was produced from the Nulato Stick Dance in March 1971. This week-long
classroom unit was broadcast live from Nulato, one of the satellite villages.
The classroom units represented the major programming effort of the satellite
staff during 1972-73, This was in response to criticism in the first evaluation
report (Reference 148) that the Action Study was not successful in instituting
educational broadcasting to a substantial number of classrooms. The class-
room programs were to some degree successful during the second project

year and a good response was developed to several of these unit efforts.

The general format followesl for most of the classroom units
was to select one week during the month and broadcast steady one unit each
day until the entire unit was finished. Whether this technique is best or
whether it is better to broadcast one or two inits a week spread through most

of the month could not be determlned.

The other aspect which was difficult to evaluate is the amount
of interaction that the units created in the clas sroom, Since many units were
taped and had printed material and photographé accompanying them, it was
possible for the classroom to have a good deal of interaction With the unit

without saying much, if anything, over the satellite radio.

Table 2. 11 shows the type of classroom units that were used
throughout the 1972-73 school year. Only two of the subject areas were
utilized for classroom units during the first p:;oject period. These units
have been prepared as a kit that can be utilized either'via_ the ‘s‘atellbli:te or

by using tapes.

v There was 11tt1e cultural 1nteract10n between Eskimo and
I_ndlan speakmg areas ev1denced during this program with the excep'cmn of
Anaktuvuk which part1c1pated to some degree in almost all the units. This |

same 51tuat10n prevalled dur1ng the first year of the Actlon Study.
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TABLE 2.11

CLASSROOM UNIT UTILIZATION 1972-73

Subject
Fishing
Caribou Hunting
AFN Convention

Christmas in
Barrow

Dog Mushing
Stick Dance
Trapping

Hearing

Whaling

Month Number
Broadcast Broadcasts
Sept. 4
Oct. 5
Nov, 4
Jan, 2
Feb. 2
Mar. 5
April 4
May 4
May 2

2-58

Maximum Most -
Sites One Active
Broadcast Site
4 Huslia
3 Anaktuvuk
2 Barrow
2 Anaktuvuk
3 Tanana
3 ‘ Ruby
2 Hughes
Tanana
7 - Anaktuvuk
Ruby
Tanana
3 Anaktuvuk
" .Barrow




The overall response of the teachers to the classroom units,
as determined by interviews and questionnaires, ranged from great enthusiam
to extreme coolness. Some teachers were already planning their next year's
efforts in native studies to incorporate the units while others felt that better
results could be obtained by making videotapes in these subject areas and

mailing them to the schools.

In March 1973, contact was established with the PEACESAT

~ ATS-1 Project at the University of Hawaii and some exploratory talks began

on a classroom exchange between Alaskan and Hawaiian schools. This
finally culminated in classroom exchanges between the Lunalilo elementary
school in Honolulu and the schools at Hughes, Chalkytsik, and Tanana. The

majority of the exchanges were between Hughes and Lunalilo,

A good interchange was secured between the two schools and
eventually a real information exchange between students developed. The
general pattern was to present a couple of programs to break the ice before
student participation began. There can be little doﬁbt that new vistas of life

in other places were opened for the participating students in both classrooms.

‘The students at Chalkytsik participated in a similar experiment in the previous

year with students from Barstow, California.

2.5.6,1 Health Related Programs

Health oriented programs were able to attract a good
listening audience during both project years (Reference 49). It is to be
expected that these programs should have a relatively high level of success

since their most likely audi'e‘nc‘e is the group having the Sfatéiflite radio

~closest at hand - the village health aides.

The health aides most active invvrespdx}d}ing to these
programs were thosé in the interior Alaska Athabascan séeaking viilage‘é.
No participation was observed from any Eskimo speaking villages with the”

e’xceptions of Anaktuvuk Pass and Barter Isla;.'nd. Due to technical problems,




both in 1972 and 1973, participation by the latter site was minimal. Anak-
tuvuk is an anomaly in that it is the only Eskimo speaking village in the
Tanana hospital service area which is otherwise composed of Athabascan

speaking villages.

Due to the above reasons, responsibility for health
programs was handled by the Tanana Chiefs Conference Board of Health

during the second project year. During 1972, programming bhad been

- provided by efforts of federal, state, and local health agencies with the

project staff handling program coordination. It was felt that the Board of
Health could provide the kind of input that was needed by the health aide to
supplement the medical education programsv'being supplied by the ATS-1
Medical Communications Project. Programse were provided in such areas

as'village cleanups, venereal disease, alcoholism, and family planning,

The health aides seem to appreciate the information

received from this source since it is usually provided by people different

‘from those they encounter in their everyday medical contacts. The programs

provide them with a means to seek further input to problems they may have

- already discussed with Alaska Native Health Service personneland also to

find out that the problems of their village are found outside the villagé in
many other paris of Alaska and of the world. It also provides them with
input on medical progra,ms being developed in the private sector or by’ o‘cher

public health agencies of which they may not be yet aware.

Some public health programs have also been utilized

in the classroom, There has not been enough of an effort in this regard to

“evaluate any poésible role that health programs could play in the school

curriculum.’

2. 5 6.2 Programs Sp_ons‘ored‘ by Native Organizations

The same Alaska Native orgamzatlons thiat sponsored
programs for the first project year were a,,so active in the secord. It was

not p0551ble to mvolve other reglona.l g:raups and natlve as. scha'clons because
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after stations were moved the configuration of the satellite network was
almost exclusively within the Tanana Chiefs Conference area (14 villages).
There were also three terminals still remaining in the Arctic Slope Native
Association area. Other terminals were widely scattered throughout the

urban areas and larger towns in the state.

The most serious problem in this category of pro-
grams for both project years was the continued failure of the persons
responsible for the broadcasts to make good their commitments. The

percentage of ''no-shows'' is given in Table 2. 12.

2.5.6.3 School Administration

‘ The satellite radio in its second year became a firm
fixture in the daily’routine of the }Tanana Area Schools, The addition of
Hughes and Koyukuk late in the second school year made it possible to
contact 8 out of 14 schools by satellite radio. Te‘a.‘c‘hers in the Tané,na School
District utilize,d_ the radio twice a week to talk with their admiinistrator in
Tanana. In the past, generator failures, furnace blo.w-outs, or. deficiencies
in instructional matei;ials would cause the whole school to SHut. down while
a written message was mailed out. With the satellite radio, teaching conditions
were greatly improved and teachers could call for immediate emergencybparts
during the critical winter months. The communication link between 'schools
and the area admihistrator sqpporte;@ and encouraged the efficient operation

of the schools.

2.5.6.4 Alaska Library Association Programs

The Alaska Library Association (AKLA) sponsored

a wide variety of programs aimed at both schodls and the geheral village

-audience. It also experimented with a functional 'exchange between state

library offices. Some library programs generated intense enthusiasm and

req‘u‘ers_/ts"for books but often there was little or no reponse or demands for

 books and information.  The general iimpresgion gained was that there was
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TABLE 2.12

PROGRAM RELIABILITY FOR PROGRAMS OFFERED
BY NATIVE ORGANIZATIONS, OCT 1972-MAY 1973

Group

Arctic Slope Native
Association

Alaska Federation
of Natives

Fairbanks Native
Community Center

Tahetan (University of
Alaska Student Group)

Tahana "Chief 5
Conference

Total

Broadcasts

Scheduled

13

12

40
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Broadcasts Percentage
No-Show No-Show
1 179
3 50
4 31
1 33
4 33
13 32




a need but that it was quickly and easily satisfied. Also, the teachers have

several alternate sources for ordering materials from within the school system.

The librarians' information exchange provided a
means of coordination between ihe state library headquarters, the regional
librarians, and local librarians. A high degree of participation was attained
and the program seemed to fill a need for this conference type communication,
It provided a forum for presenting new library ideas, new source funds, and
generally keeping everyone up to date on what was going on in the world of

libraries.

2.5.6,5 Conclusions

Evaluétion of the educational experiment was cbn-
tracted to Stanford University. Dr. Walter B. Parker was the primary ‘
evaluator of the Action Study of Educational Uses of Satellite Communications
in Remote Alaskan Communities duringkthe period 1971-73. His final evaluation
report (Reference 49) to Project Director Mervin Charlie in 1973 included'

the following observations.

1. The Action Study was successful in expanding
concepts and methods of educational broadcasting
to the schools of rural Alaska., Educational broad-
casting involvement was expanded at three schools:
- Tanana, Nulato, and Barrow; remained generally
the same at the other active sites, and diminished =
in one village: Venetie. One new site, Hughes,
was involved very successfully in the project, but
the other sites, Koyukuk and Beaver, have notas -
yet been substantially involved.

¢, Community service programming declined
from the levels achieved during the preivous year.
Part of this was due to the shifting of the primary
‘responsibility for health breoadcasting to the medical
communications project, but the major failure was
~_due to sponsors not making good their commitments
and the project's inability to find anyone who would
put together a comprehensive effort on Native
Claims Settlement. :
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3. Maintenance of equipment was more of a prob-
lem than in the previous year. One site, Fort
Yukon, was out of service the entire year while
~others such as Arctic Village missed most of the
vital part of the spring programming. Other sites
were out of service for periods up to a month,

4. Coordination improved between the Action Study
and its companion medical communications project
on the ATS-1 satellite except in the area of main-
tenance.

5. Coordination became less effective within the
Action Study due to fewer Consortium meetings and
being without funding or an Executive Director for

so much of the project year. Another factor 1nh1b1t1ng
relationships for a time was the adjustment to the
removal of the ATS coordinating function to the Office
of the Governor in Juneau. Everyone has now adjusted
to this new situation as far as can be determined.

6. It was confirmed that there is a substantial listening
audience in the village both at the health aide location
and at the school that does not indicate presence by
participation in the program, ‘

7. It was confirmed that there is little cross cultural
interest among Alaska at this time. This was just as
strongly noticeable this year as last. Anaktuvuk is
the only exception and the schoolteacher's interest is
probably a major reason so much interest is shown
there, : :

8. Full power is necessary for successful program-
- ming of all types on a continuing basis.

9. -The continuance of satcll,.te communlcatlons 1s
desired in the Tanana Area.

10. Classroom units involving Alaska Native culture
do interest students where there is some cultural
relevancy.

11, ~There are strong indicé.tions that 30 minutes is o
the maximum amount of educatmnal broadcasting -

~ that can be absorbed at one time in the rural schools
except for strong 1nteract1ve programs such as the
c1a3sroom exchanges.
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12, There are strong indications that four villages
are a maximum number that can participate effec-
tively in many types of programs. Others may
participate passively but will not secure the same
value from the program as the active participant.

2.5.7 Public Radio Experiment

The use of ATS-1 for public radio networking began in April
of 1970 (Reference 61) with a broadcast originated at KUAC, College, Alaska,
and received in the lower 48 states., Regular programming did not begin
until the fall of 1971, The poblic radio experiment consisted of a public

affairs program to KUAC on a five-day—per-week basis.

The principal purpose of the experiment was to demonstrate
the use of communication satellites in the transmission of radio programs
from the network to an NPR member station and to test the kinds of equip-
ment required to provide viable transmission and receptiOn of such a pro-
gram service. Specific attention was planned in the minimizing of ground

station costs,

| ~An ancillary purpose of the experiment was to permit examin-
ation of the effect on satellite reception of certain interference factors peculiar
to the Alaskan location over an extended period of time. Previous tests had
been conducted on an occasional basis in an attempt to ascerte,in the impact -

of high latitude location and interference from the auroral phenomenon.

In addition to NPR which provided the expefiment program

vehlcle, magor involvement was performed by the Umvers1ty of Alaska

through its Geophyslcal Institute and its noncornmerc1al NPR-member FM

radio station, KUAC—FM. 'I‘he Umvers:.ty was instrumental in receiving a
commitment of a portion of the ATS-1 use-time previously allocated to the
state by NASA. | | | ‘

An early participant was the‘Stanford'_.Electronics Laboratory

at Stanford, Calif'ornia;,“.v.vhi'ch provided the ground 'traii‘srriission station
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used during the initial phases of the experiment. The location of the trans-
mission was moved later in the experiment to the Lister Hill National Center
for Biomedical Communication, part of the National Institutes of Health,

Bethesda, Maryland.

The primary regularly scheduled current events program
distributed by NPR to its member stations, '"All Things Considered,.."
was used as the program vehicle for the experiment. This 90 minute
magazine-type program provides in-depth information concerning the evente
and issues of each day. It is transmitted to NPR stations in the Eastern
an_d Central Time Zones at 5:00 pm, Eastern Time, and to stations in the )

Mountain and Pacific Time Zones at 8:00 pPm, Eastern Time.

The initial transmissions to Alaska from Stanford coincided
- with the western system feed of the program; i.e., 8:00 pm Eastern Time
 when transmissions were shifted to Bethesda coinciding with the end of
Daylight Savings Time in 1971, The schedule moved back from 8:00 to
9:30’pm, Eastern Time, w1th th‘e onset of Daylight Savings Time in April
. 1972. All of these changes were necessitated to conform to the satellite-

use schedule which does not fluctuate with Daylight Savings Time.

The initial phase of the experiment sought fo obtain data on
: i‘eliability and quality of f‘ransmis sion employing existiﬁg ground-station
faeiliti'es involved in 'other ATS-1 experiments. Stanford University's:
Electronics Laboratorles 1nsta11at10n provided a rfela.tlvely uncomplicated
 means of attaining that end (Reference 49), Transmission began on July 14,
1971, The method used to feed the ground station with NPR program
materlal is shown in F1gure 2 8. The NPR western netwOrkfe'eds program
v'materlal from NPR Washington via leased 1ong line fac*htles to member
stzmtmnsth:oughout the West. One NPR station, KQED—EM, San Francisco,
providee primary eoverage fo the Palo Alto area. An FM receiver was
~employed to pick up the broadcast of NPR's “All Things Co1isidered k
and feed the audlo input of the ground statlon transmltter, a GE commumcatmns

transcewer feedmg al2 db gain crOSsed chpole antenna.
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 improvement in transmis sion quality was realized initially when NPR began

The program was received at the minitrack station at the
Geophysical Institute in College, Alaska, on a crossed dipole antenna and
Mod-1 receiver and fed via phone yline to the studio facilities of NPR member
station KUAC, ffom which the program was retransmitted as an on-the-air

program through the station's regular IFM transmission facilities.

Inasmuch as the transmission and reception facilities were
intended for two-way communications experiments and not for sustained,
high-quality audio transmissions, the quality of the transmission as com-
pared to regular FM performance standards was rather poor.  Signal-to-
noise ratios, rather than being in the order of 60 db were, rather, about
26 db--more than adequate for two-way communications uses, but not optimal
for high-quality audio transmission. The audio bandwidth of the transmitter
~was limited to 300-3000 Hz, and the modulation index was low. The Stanford
transmitter saturated the spacecraft, but the full-power mode was required
to obtain even the 26 db signal-to-noise ratio. In the half-power mode, only

about 21,5 db signal-to-noise ratio was possible.

2.5.7. 1 Bethesda - Phase I

It becam.e evident that if NPR were to attempt experi-
mentation with improvement of audio quality, the 5 kHz network lines would
not serve the purposes of the experiment. Further, since NPR engineering
personnel work from the home office in Washington, D. C., it would be
feasible to condnct exper1ments from a more convenient location than ‘
Stanford Un1vers1ty The fac111ty at Lister Hill Center in Bethesda, Maryland
offered a convenient means of continuing with the NPR_»experlment thlas_ka.
NIHLC’offereci use of their ground station facilities whieh, for all praetical

purposes, were identical to the Stanford University facility. ’SO,, although no

transm1tt1ng through the NIH ground statxon on November 1, 1971, NPR was

~in a p051t1on to make changes in equ1pment and transmls sion parameters and
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readily evaluate their results shown in Figure 2.9, In reality, equivalent

signal strength was measured in College, Alaska, and equivalent narrow-

band performance was realized (both ground stations saturated the spacecraft).

Inasmuch as the ATS-1 has a 100 kHz bandwidth
capability, the next phase of the experiment was to consider increasing peak
FM deviation from #5 kHz to about #40 kHz. With assistance from several
NASA engineers, link calculations for several different transmission modes
were carried out. Audio quality would be improved by increasing the base-
band bandwidth from 300-3000 Hz to 50-8000 Hz. This would still give a

modulation index of 5, much greater than the narrow band value of 1, 5.

All conditions for reception remained the same,
except that the 100 kHz wideband output from the Mod-1 receiver would be
employed. On January 13, 1972, a test was transmitted from the NASA
ground station facilities at the Goddard Space Flight Center. A GE 300-watt
transmitter and a 12 db gain antenna, similar to that employed at Stan;ford
and NIH were employed except that the narrow band exciter was bypassed
and an FM signal generator, audio oscillator, and tape recorder to simulate

program material were used.

The test was received in College, Alaska, and a
significant imprOVerrient in overall performance was realized. Excellent
flat audio response between 50 Hz and 8 kszwaskrealized and the signal-to-

noise ratio was 32 db, fairly close to’ the calculated value of 35 db. ~Some

overmodulation of the spaéecraft was noted which indicated that a peak limiter

‘woyuld be required for subsequent tests to prevent overmodulation.

Based on the results of thls test, it was felt equlp-

‘ment should be located at NIH vvhlch would permit regular wideband trans- :

‘ "mls sion at full power. Since funds for the prOJect were pratlcally‘nonexlstant,

arrangements were made to borrow necessary gear. CCA Electromcs

Corporation offered to make ava11ab1e a standard FM broadcast exciter Whlch

’,could be modified for operatlon at 149 22 MHz This exciter would meet or '
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exceed all specifications for the transmission setup that was planned; maxi-
mum FM deviation, signal-to-noise, distortion, and the like were excellent.
A test of the wideband capabilities of the GE power amplifier was made; the
amplifier operiated linearly out to 250 kHz peak deviation. An FM limiter
was borrowed from an NPR member station, WUOM, Ann Arbor, Michigan,
and a test of the proposed system was again carried out at the Goddard
Space Flight Cehter in mid-April. Unfortunately, atmospheric disturbance
prevented measuring any meaningful results. However, a closed loop test
from transmitter to monitor receiver was cai'ried out in the lab, and results
were in fair agreement with calculated values. It was decided at this point

to install the wideband equipment at the NIH ground station site.

2.5.7.2 Bethesda - Phase II

The installation at NIH is shown in Figure 2.10.
Initially, the Dolby noise reduction shown was not incorporat.ed. Trans-

mission in the wideband full-power mode began on May 23, 1972,

k Atmospheric disturbances were severe during the
initial wideband full-power transmissions. The percentage of time that the
signal strength fell below FM threshold was greater than anticipated. In
fact, it became apparent that, although the advantages of wideband trans-
miss’ion’became quite obvioue during periods when signal strength was above
threshold with a 32 db afzerage signel-to—noise ratio and improved (8 kHz)
e,udio qua,li'vcyvund’er widebé,nd conditions, threshold level was not obtained

often enough for reliakle, consistent, high-quality transmission.

k'2. 5.7.3 Bethesda - Phase III

Although acceptable perfo,rmance ﬁp to this time ‘wes.:

_’ knever obtaihable With the satellite operating at half pOWer,f the :p'oxﬁver drain :
“on the satellite for the daily 90-minute period was conéiderabl’e, 'a,xid' ot‘her
' experlmenters were de51r1ng full-power time on ATS 1. So an experlmental L
- quad helix antenna was developed by the Geophys1cal Instltute in College, -
_'Alaska that had approx1mately 5 db greater gain than the crossed d1pole

antennas that had been employed previously. = It was hoped that,‘the 1ncrea.'sed
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gain would overcome the 6 or 7 db degradation in signal strength when oper-
ating at half power. Initial tests at half power, which began shortly after
the full-power wideband transmission in late May, proved the feasibility

of operating at half rower using the quad helix antenna.

In addition, it was determined that a compromise
between the narrowband and wideband modes at half power might provide
optimal performance. Transmission employing *15 kHz peak deviation at

half power began the first week of June.

Operating in the half-powe r mode and utilizing the
quad helix array, the average signal level appearing at the Mod-1 receiver
input measured about -110 dbm. This is quite close to the calculated value
of -111, 5 dbm. A nominal 12 db carrier-to-noise ratio is obtained which
does give a signal-to-noise i'atio of about 25 or 26 db average. Under the
most favorable conditidns, the signal-to-noise ratio measured 32 db. The
results have proved fairly consistent on a daily basis, except during periods

of extreme sunspot and aurora activity,

The actual setup in Alaska employs a 17 db préamp
and power splitter being fed to the Mod-1 receiver. A chart showing relaﬁve
carrier-to-noise with varying relative signal inputs and a -128 db reference
noise level (30 kHz bandwidth) is shown in Figure 2.11. Note the knee at |
approximately -110 db input, the FM threshold point. Normally, the signal
is about 5 db above this point, and acceptable perforvmanée occurs unless

the signal falls below this level.

In an effort to explore other methods whereby the
audio quality could be irnproved, NPR began using the type A Dolby noise
reduction unit the latter part of July 1972. The unit is a compander which

divides the audio frequency spectrum into four bands. Encoding the signal

pr1or to transmission at NIH; and decodmg at the output of the Mod 1 recewer, '

the 51gna1 -to- n01se ratio was improved another 10 to 13 db glvmg a s1gna1-,

to-noise ratio of about 33 to 43 db.
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2.5.7.4 Summary and Conclusions

In January of 1973, NASA appeared concerned about
how the KUAC activity seemed more operational than experimental in nature.

A request was made for further details for continuation of this experiment.

NPR was experiencing, during this time, a great
number of technical problems in transmitting wideband via the NIH facilities.
The technical quality received in Alaska was so marginal about 50% of the
time thatthe NPR program could not be aired. Much of the problem was
attributable to recention difficulties caused by the signal sirength in Alaska
falling below F'M threshold. Severe transmitter reliability problems at NIH
‘were also causing loss of service. It was at this phase of the experiment
that the primary limitation of this projelct became evident--limited resources.
Neither NPR or NIH had the necessary manpower to dedicate a man, on a
daily basis, to be on hand during the broadcast to assure proper operation.
NPR could control only the on/off function of the NIH transmitter from its
master contrdl in Washington, D.C. Tuning of’the transmitter unit, it
appeared, was required due to marginal operation of the P. A. amplifier
which did not show up under either wideband or narrowband operation alone.
The instability of this unit necessitated the frequent readjustment of tuning.
Neither NPR or NIH could send a man to retune daily, nor did either partici-
pant have the funds to invest in the test equipment necessary to discover the

instability problem or maintain the transmitter in perfect alignment.

The reliability problems did not seem readily solvable
given" the limitations noted above. Even if the transmitter problems were
resolved, the problem ‘of, signal strength still remained as the sig’nal often
- fell below the threshold in the wideband mode., It was felt that a return to
né,rrOWband transmission for pufposes of increased ”airabilify” of the
p'rbblem by KUAC would not be justifi’ed unkde"r the bésic authorization. The .
decision would be based only on operational consideration since narroWband‘

- transmigsion experiments had been carried out the year before.
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For these reasons, it was jointly agreed by NPR and
the Alaskan experimenter to terminate transmission of '"All Things Con-

sidered...' on May 25, 1973,

2.6 PEACESAT

2.6.1 Background

The PEACESAT Project (Pan-Pacific Education and Communi-

cation Experiments by Satellite) at the University of Hawaili was initiated in

1969 to investigatye the communications needs of the Pacific Basin. In October
1970, the University of Hawaii submitted a proposal to NASA to use ATS-1

to facilitate the sharing of scarce, costly resources and improve professional
services in the Pacific Basin. The proposal was approved by NASA in

February 1971,

To a large extent the first year of the project (Phase I) was
spent developing low-cost, portable, two-way equiprnent that was easy to
operate and maintain and arranging for funding for the support of the prOjéct. ‘
Even so, the system became operaﬁional in April 1971 Whe.ﬁ terminals were

activated at the University of Hawaii campuses at Hilo and Manoa.

During 1972 (Phase I1), equipment testing was completed and
six nﬁore terminals were established to form the PEACESAT network,
Table 2,13 indicvavtevs thevparvticipating stations and the date of entry into the
PEACESAT network (Reference 134). Management and operation of terminals
was development through coqpera‘cive involvement of the members. Once
all of the indicated terminals were activated, the sysfem was in use approxi-
mately 12,5 hours/week. 'Aiso during this period, local funding was sought

and obtained.

In May 1972, PEACESAT was funded by the National Institute

of Health to undertake pilot expériments; ,of‘ library exchange via satellite to

assist in determi'ning‘the most effective systems for a Pacific-wide library.

Work on this contract was completed in August 1973,
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TABLE 2.13

STATIONS PARTICIPATING IN PEACESAT EXPERIMENT

STATION

Manoa (Honolulu) Campus,
University of Hawalii

Hilo Campus,
University of Hawaii

Maui Community College -

Wellington Polytechnic Institute
Wellington, New Zealand

University of the South Pacifi
Suva, Fiji ‘

University of the South Pacific Center
Nuku 'Alofa, Kingdom of Tonga

Department of Education
ETV Center ;
Pago Pago, American Samoa

Papua and New Guinea
Institute of Technology

Lae, New Guinea

(connected by land lines to the

University of Papua and New

Guinea, Port Moresby)
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April 1971
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January 1972
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In comparison to trb,e firef two years of operatian, the third
year of PEAC ESAT’was somewhat chaotic. A proposal was submitted to
NASA to continue eiperimentation by expanding both the number of terminals
and the time available for exchanges. The arg‘umén{ was that these additions
were needed to provide a larger data base for evaluation of the projecﬁ.
There was resistance by NASA to continue the PEACESAT experimeni for
another year w1thout some evidence tlnat it was an experlment and not an
operatlonalrsystem. Through most of 1973, NASA extended time to PEACESAT
on a Inonth-to ~-month basis. Without a long-term commitment to use ATS-1,
PEACESAT funding subsided and modifications had to be made in the pro- .
gram. Toa large extent, pers‘bnnel spenj“c most of the third year attempting
to evaluate the first ;two y,ears" effo.rts‘. As a result of the uncertainty"of the

PEACESAT project, “'interest in starting new terminals also subsided.

In some respects, the PEACESAT project was very s1m11ar
to the Alaska expenment i.e., they were both concerned with commumcatmns
for educatmn and health services in isolated areas. There are three primary
"differe’nc,_es 1n fhe projects, namely size of area, funding, and management.
As Figure 2. 12 shows, the PEACESAT network covered a large portion of
the Pacific ’Basin. The distances between participants were, therefore,
vastly greafef than in Alaska. This is signiﬁcan’t in the health care ﬁmction
"since it makes evacuatlon of a critically 111 patient impractical. On the’
other hand, the avallable health facilties in the PEACESAT network seemed
to be more complete than those encountered in the Alaskan villages. The
second dlfference was in fundmg While the Alaska project was largely
- funded by federal ‘agencies, PEACESAT relied almost totallv upon local
funds;. For example, in 1971-72, $220,000 of the PEACESAT budget of
‘$270 000 came from local and prwate sources. - The remamder was from
-~ the Natlonalebrary of Medicine. Thirdly,. PEACESAT was orgamzed s0
| that part1c1pants could have as much local control as poss1b1e. Th1s was,
toa large extent, due to the fact that the network had an 1nternat10na1 mem- |
bership and the various governments resisted the pos s1b111ty of dommatmn

by other cultures.
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2. 6.2 Rationale

It is impossible for many of the peoples of the Pacific Basin
to sustain adequate levels of education, health care, and technically based

services. pften populations are small in size and divided by great distances.

‘Inadequate communications constitute a principal barrier to community

development, This is a condition that prevails over much of the Pacific
Basin and is a serious deterrent to social development. The PEACESAT
projedt seeks k,to,fsekrve as an intercontinental laboratory for planning and
i.mprovixig communicatiohs for education, health, and community services
in tihe Pacific Basin are-'a The RnOWIedge gained should have apphcatmn to
the sparsely populated areas of the United States and throughout the less

developed areas of the world

Nations in the South Pacific, many of which are newly inde-
pendent, are sensitive to the advances of cultural imperialisin. They want
to exercise control over their own development, espec1a11y when it involves
1ndustr1a11zat10n and the inculcation of the ideas of western urban society.
Therefore, the PEACESAT project stresses a two-way exchange capacity;

station terminals transmit as well as receive.  They are locally controlled

and operated so there is no central production center from which programs

are delivered to passive receivers. To reinforce the idea of interaction,

the word ''program'' is not used; transmissions are referred to as 'exchanges'’,

Medical and educational processes especially require two-'way
commumcatlons and to be effective, serv1ces pr0v1ded in remote areas must

be 11nked to h1gh1y developed centers. The PEACESAT network prov1des the

~capacity to call up information when requ1red by events such as medical

emergencies.
2. 6 3 Oblectlves

The objectives of the PEACESAT pro_]ect as stated in the

or1g1na1 proposal (Reference 216) are glven below. o
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1. To demonstrate a satellite communication system
to have scale application for sparsely populated areas
and areas of low industrial development.

2. To demonstrate utilization of the system to potential
participants in the Pacific by undertaking curricuium
experimentation and increased exchange of educational
communications between the University of Hawaii campuses.

3. To assist in adapting the potential of satellite tech-
-nology to peaceful public services.

4, To increase the quality and capacity of educational
institutions in the Pacific by sharing scarce, costly
resources, material and intellectual, and extending
the availability of education to remote areas.

5. To provide a telecommunication support system for
professional and technical operating services in the
Pacific,

6. To show that international exchange of higher '
education resources is feasible and desirable.

7. To lay the basis for an intercontinental laboratory
which undertakes experimental and developmental
~activities in the use of telecommunication interconnections,

2.6.4 Management and Operation

General maﬁage‘ment of the project was under a Director,
assisted by a Technical Director, Terminal development ahd construction
- was under a Manager for Ground Te‘r“minal Development. 'Initia‘lly"che

‘pProject was iniplemented bjr a tea‘mi of University of Hawaii faculty ona
"velunvteer basis.' A full-time System Coordinator and s. Manoa Terminal
- Manager were h1red in September 1971. A r,orsterk of key personnel‘is' giveii

"k’1n Table 2. 14

The concept of the PEACESAT system is one based on cooper- |
: atlon among equals in areas which are pohtmally and culturally d1verse.
; Smce the termmals are owned and operated by the local institution, they

" make decisions with regard to their participation in exchanges. Coordination
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TABLE 2. 14

PEACESAT PROJECT MANAGEMENT

John Bystrom Director :
Paul Yuen . .0 Technical Director
Katashi Nose . Manager for Terminal Development
James McMahon ~. System Coordinator

Manoa Terminal
Carol Misko - Terminal Manager

{ : Maui Terminal:

4 ; ; Waltér Ouye Project Manager

: Sadami Katahara Terminal Technician
(: Lafayette Young Terminal Manager
Jean Wright Exchange Coordinator

, Hilo Terminal -
! ‘ Roger Baldwin : Terminal Manager

New Zealand Terminal
(Wellington Polytechnic Institute)
Anthony Hanley ~  Terminal Manager

‘Fiji Terminal

(University of the South

Pacific, Suva)

Alan Cutting - ) Terminal Manager

Kingdom of Tonga Terminal

(University of South

Pacific Centre) :
Margaret Blundell Terminal Manager

New Guinea Terminal

(Papua New Guinea University

of Technology, Lae)

Steven Seumahu Terminal Manager

(University of Papua New
‘Guinea, Port Moresby) ; ‘
Francis Johnson : - Terminal Manager

- American Samoa Terminal
{Department of Education) . :
Stewart Cheifet Terminal Manager
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of schedule is handled at the Manoa terminal. The Manoa Terminal Manager
chairs all discussions on scheduling. General policy is guided by an oper-

ating committee made up of three terminal managers.

PEACESAT experiments originate in two ways. Uses of the
system which appear likely. to be of value are encouraged by approaching
suitable organizations and soliciting their cooperation for project studies.
The other important class of system users are thdse‘\‘x/ho on learning of the

project come forward with proposals for trial uses of potential value to

‘them., Information on the proposals for trials or studies is advised to the

network by the initiating terminal at 'Proposal Enquiry' periods held twice
weekly, and the terminal managers ;tllen approach local groups in their
communities and invite them to atitend a network Preplanning Meeting' to
discuss the proposed' trial, decide on the problem topics of common interest,
decide on an agenda, agi‘ee on a session cha:irmavn; and decide on a date for

the working meeting,

2.6.5 PEACESAT Terminals

A typical PEACESAT station consisted of a solid-state, two-

meter amateur transmitter-receiver modified to respond to satellite frequen-

cies; a one-kilowatt'linear amplifier designed by‘Professor K. Nose of the

University of Hawan and separate c1rcu1arly polarlzed multiple- element,
crossed d1p01e yagi antennas for rece1vmg and transm1tt1ng Each site had
two transcelvers since repalr had to be done in most cases by sendmg the
unit back to Hawau._ The equlpment cost for each statlon was approxunately

$5000. Figures 2.13 and 2. 14 show the equipment in use.

‘Sign}al ’qualityvappve'ars to have been better than in the Alaska

,experiment Thls was. probably due to the fact that higher elevation angles
-~ tend to decrease 51gna1 degradation due to atmosphemc noise and ground

,reflec,ta.on However, there were times when;the slgnal quality made com-

mumcatmns d1ff1cu1t Table 2.15 shows the fractlon of exchange time at

;Welhngton (Reference 206) for Wthh the receptlon was Judged poor.k The
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Figure 2, 14,

Figure 2. 13, Network Operation
began April 1971, HU President
Harlan Cleveland (Right), and
Dr. John Bystrom, PEACESAT
Director, inaugurate system,

ORIGINAL PAGE IS
oF POOR QU

One variatior of ground terminal operates from a car
battery. Katashi Nose, Manager for Ground Terminal
Development, with project participants from the
Kingdom of Tonga.



TABLE 2.15

PEACESAT SYSTEM: QUALITY OF RECEPTION*

FEB MAR APR MAY JUN JUL AUG SEP

Fraction of total — 4 13 9,15 0.16 0.08 0.11 0.11 0.05 0.16
broadcast time of o .

poor quality
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large part of the degradation was attributed to local storm conditions and

ignition noise from unshielded internal combustion engines. However,

8 there were times when the degradation could not be explained.

Another measure of the quality of reception is contained in
Figures 2.15 and 2.16. In 1972, participants in PEACESAT exchanges at
Wellington were asked to respond to the questions, ''the voices were clear
enoug;h”i, and, ‘'the voices were loud enough''. A positive answer to the

first question was given by 95% of the participants and 89% answered positively

to the second. These same two questions were asked to a group of 47 users
in 1973. In this case, 83% responded positively to the first and 94% to the

C second.

Another study of equipment performance was made at the end

| of Phase II by Anthony Hanley at Wellington Polytechnic Institute, New Zealand.
This study was made to determine, if’ possible, the performance of both the
high-power (300 watt) and low?power (100 watt) receiver terminals. Ter-
minal managers at Manoa, Saipan, Suva, and Lae were requested to estimate
the percentage of received signals at three levels of effectiveness: excellent‘

(E), satisfactory (S), and unsatisfactory (U). Reference was made to ter-

minal logs, but the judgment is essentially the subjective opinion of an

experienced listener. The results of this survey are shown in Table 2. 16,

Manoa, Saipan, and Suva are high-power terminals. The low-
power tertninal is at Lae. The percentage of received signals classified
| | excellent at Lae is always less than the other stations and the percentage
i clas sified unsatlsfactory is always greater. Since only one 1ower power
station 1s 1nv01ved, it is difficult to draw any valid conclusmns as to the |
effect of low power on receiving 51gnals. The degraded performance at Lae
‘ could be caused by low power, but it could also be caused by other charac—

terlstlcs present at Lae.

A review of t1me use durmg the period of February 19 72 to

.]'uly 19 73 mdlcates that 730 (85%) of a total 857 avallable hours were utilized
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TABLE 2.16

RECEIVE TERMINALS

Stationsb '
Transmitting Lae Manoa Saipan Suva
. Samoa 75% - 8 75% - S 808 - S  58% - S
: 208 - U 108 - U 108 - U  10% - U
: . 85% - E 85% - E
, Hil ; g
| e REEE 158 ~ § m—e-e-- 15% - S
¥ ' 0% - U 0% - U
E lag R , 453 - E 90% - E  42% - E
45% - S 108 - S  57% - S
108 - U 0% - U 3% - U
Manoa - €02 - E ’ 95% - B 92% =B
' 358 = § = —=-m-=- . 5% - S 8% - S
5% - U 0% - U 0% - U
S © 10% - E 95% - E 10028 - E  91% - E
, Maui 70% - S 5% -~ 5 0% - S 9% - S
3 208 - U 0% - U 0% - U 0% - U
das . 50% - E 98% - E 96% ~ E
atpan 45% - S 28 = 8§ mem—-e- 4% - S
5% - U 0% - U , 02 - U
Strva. 65% - E  95% - E 100% - B
308 - S 5% - S 0% ~ 8§ = —mm=m=
58 - U 0% - U 0% - U
X V 108 - E 70% - E 95 - E  75% - E
| Tonga 75% - S 25% =~ S 5§ - 5  22% - S
F‘ 15% - U 5% - U 0% - U 38 ~ U
- | g 508 - E 85% ~ E 95% - E  83% - B
i 11 . ° ) .
{ Wellington 403 - S 15% - S 5 -5 17% - S
3 10% -~ U 0% - U $ -G 0% ~U
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by the PEACESAT system for educational, health, ahd community develop-
ment applications., Monthly usage is shown in Figure 2.17.. In no month was
all time assigned used. Some nf the reasons for this are user ''no show'",
equipment malfunction, atmospheric interference, and scheduling difficulties.
Scheduling international exchanges for the morning time period was a per-
sistentvproblem due to the time zone differences (9:00 am in Hawaii is 7:00 am
in New Zealand and Figi, and 5:00 am in New Guinea). Also, a lack of uniform

vacation schedule and a variety of local holidays made scheduling difficult.

2. 6. 6 Experimentation

During the Phase I and II test periods, 124 topics of mutual
Pacific concern were shared by approximately 1100 pafticipants from various
terminals in the network. Of the 124 topics, 62 involved repeated use and
21 topics were developed into series of three or more exchanges. A com-

plete list of exchange topics is given in Reference 66,

Although the PEACESAT network was classified as experimental
in the original proposal to NASA, it appears that little was dong in the way
of controlled experimentation. vIn 1973, NASA 6f£icials reacted to the
PEACESAT report for 1972 by saying that, "The report contains numerous
instances of the performance of isolated experiments, without evidence of
either associated follow-through experiments or analysis based on experi-
rhental _datai"» (Reference 221). In response, John Bystrom, PEACESAT
Director, wrote, '"The experimental environment makes it difficult to secure
reliable data in the form of statistical trends. There are too few terminals

- and authorized satellite time periods are too short,' (Reference 215)

The implication of Dr. Bystrom's remark is that there was
very little quantitative data available for analysis prior to 1974, the period
covered in this compendium, While there were a large number of exchanges
during the éxperimental perio,d," most of them were simply people discussing
a ttk)'pic’ of common interest using the satellite as an instrument. It is impos-
sible to present summaries of all the _éxchanges; therefore, several typical

ones with the conclusions of the 'péurtic.i'pants are presented, ..
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2.6.6.1 Classroom Interaction by Satellite

_ Arrangements were made in eafly spring of 1971 to
interconnect two sections of the basic course in interpersonal communication
at the University of Hawaii, one section at the Manoa Campus in Honolulu,
the other section at Hilo College in Hilo, on another island, about 200 miles
distant. Mr. Thomas Kugler and Mr. Burton Byers of Hxlo College and

Dr. Elizabeth Kunimoto of the Honolulu-based section were the instructors.

With the two sections of the basic course, Honolulu-
Hilo, the central purpose was to discover whether students, widely separated
by distance but joined by PEACESAT, could learn to work together in pro-
blem solving and the exchange of infor'ma.tion.r Sej}ren experiments were
scheduled: (1) Getting Acquainted; (2) Basic Intelligibility; (3) Giving
Directions, or the Communicati_ori,of Instrumental Information; (4) Affects;
(5) Problem Solving; (6) Information Gain; and (7) Attitude Prediction.
' These experiments were scheduled in twelve hour-long sessions during the

six-week summer term.

The ""Getting Acquainted' experiment consisted of
each of 24 students, 12 at each ground station, rgiving’ his name and spelling
it, and giving one fact about himself. Students alternated, first a Hilo student,
then a,'Man,Oa student, etc. Students at ‘both stations kept wri‘tteh notes.
Criterion was reached when each student could spell the name and give one

fact about every other student in the project.

’ "Basic Inte111g1b111ty” was ' defmed 0perat1ona11y in |
two ways: the ab111ty to read short lists of phonetically balanced words and
to write down the words spoken; and the ability to select the words spoken -
from list“s of five similar sounding wor‘d,s (multiple choice). This 'é.nd similar
experiments to follow yieldeddfour scores for each participant: a score as'
source, face- to face, and satellite- 1nterposed, and a score as respondent

face to- face, and satelhte 1nterposed
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"Giving Directions' or the "Communication of

Instrumental Information'', was defined operationally as the ability to
describe an abstract figure so that the persons listening, in the classroom
or at the other site, could respond that the figure described was the same

as, or different from, the figure on their response sheets.

The "Affects' experiments were of several sorts.
Im the first experiment, students alternated, Hilo-Honolulu, speaking the '
single word, ""Hello', so as to cause other students to mark their response

sheets as to their feelings about the person speaking the word.

| Another "Affects' experiment required students to
give a short explanation of how to; get to the nearest airpdrt, restaurant, or
library so as to help the resi)ohdents check one cof five emotions: sad,
happy, enthusiastic, indifferent, s,inceré. Still another asked respondents
to mark a scale from '"Up'" at one end, defined as happy, enthusiastic, or
cohﬁdent, to "Down'' at the other end, defined as sad, indifferent, or ‘
discouraged. The source spoke in a language not known to the respondents.
~ In this case, one source spoke in Japanese, bne in German, and one in

Italian.

In the problem-solving experiment, the students
Worked in groups of four; two from Hilo and two from Honolulu in each
' group. The students from Hilo were given one part and the students from
Honolulu were glven another part of the 1nformat10n necessary to dlSCOVel‘

~new 1nformat10n and solve the problem.

- The information- gain experiment Was“ the most L |
elaborate of the terxﬁ. A team of Student's at both sites chose a topic,
analyzed it, and constructed a 15-item, multlple choice type test measurmg
the pr1nc1pa1 cognitions which the team hoped to commumcate This test
Was glven as a pretest to students not 1nvolved in the satelhte experlment ’
Then each team had a one -hour perlod to presen’c its 1nformat10n v1a satelhte,

after which the studeynts at the other site took the test. Measures of central
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tendency were computed for the pre/post tests, giving an indication of the

amount of gain achieved by the students using the satellite interconnection.

However, these data were not available in the Final Report.

The final experiment in predicting the attitudes of
other students was never completed because of the preemption of our satellite

time for Apollo Moon Shot tests.

S

’ After each satellite interchange between the students,
the instructors at each site compiled the scores on a sih‘gjle data sheet, giving
a source score, facefto-face, and a respondent score, face-to-face, and

satellite-interposed, for each student at his site for that day's experiment.

. A stﬁder}t"é face-to-face source score was the per-
centage of correct %re'quz__lse.s"“fe_l.ficited from the other students in the class-
roo;)ﬁ from which he was -ti'ansrriitting. (His source score, satellite-
inte'frp05ed,‘ was the percentage ef correct responses elicited from students
at the othef site. This score became available with the report from the
other site. ) A student's respondent score face-to-face was the Percentage B
of correct responses giﬁren to students transmitting from his own classroom;
satellite-interposed,‘his response score was the percentage of cerrect
_responses given to messages from the oth‘e,r site., Both classes sui’passed

the 80% accuracy criterion level.

| _ Each afternoon these outcomes were exchanged via_
facsimile, so that on the m‘orn'ing following each transmission the students
had a record of how they had done in the experiment of the previous day.
Like some other aspee,ts”:of"jthis project, the data gathering’ and reporting
_rnethodbldgies were a,d’-li’.'bbed. ‘There is no way to estimate, on thebasis
of hard data, hew powerful a force thi’,s quick’knowiedge of success or failure

was in motivating and guiding the learning that took place.




As a result of this experiment, the authors concluded
that:

The project was successful in demonstrating that

students, widely separated in distance but connected

by voice and facsimile transmission, can get acquainted
and can learn to communicate cognitive, instrumental,
and affective information at-a satisfactory level of
accuracy. They can work together to solve problems

and they can produce statistically significant information
gain in their friends at the other site. The nature and
scope of the learning activities can be greatly improved.
The participants found that considerable preplanning was
necessary in order to make a satellite interchange worth-
~while. Participants needed to know in advance what the
transmission was expected to accomplish, and what
would be expected of them. Frequently, printed materials
needed to be prepared and distributed in advance. They
also found that sources must elicit constant feedback
from the respondents. Questions could be as simple as
'Do you hear me? or as complex as 'Can you summarize
the last statement I made on estate planning? One-way .
transmission or uninterrupted lectures did not seem to
be as effective as two-way transmission. :

2.6.6.2 Agriculture Seminars

During 1972, six of the stations participated in five
satellite seminars (Reference 66) on the future development of agricultﬁfal
educational comrﬁuhication. The first seminar (July 25) was a general intro-
duction by five statioh_s each reviewing {:he type of agricultural advisory
service they offer. The second (August 23) compared mass commﬁnication
techniques in agriculture and the third (September 19)‘disci:u,ssed, in some
detail, the methOdsAand problems involved in the preparation and production
of newsletters to farr'ner‘s and to 'sta,ff.‘ The fourth (Oéto‘ber' 18) and fifth
- (November 1) reviewed small discussion groups and largé meetingsrwith’
,;akgr‘ici‘llktural producefs. A link (November 29 ) will deal with specific, aspects
of beef Pvro‘du'ction. : | | | '

In reporting the results of this series of exchanges,

WL R Dale of the Ministry of Agrici;llture and Fisheries, Wellington, New .
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Zealand, made the following observations regarding the use of the PEACESAT

network.

® There is no doubt that the opportunity to discuss
matters of common interest is most stimulating,
Already beneficial exchange of ideas and literature
has encouraged new developments in several fields.
This appears to be a satisfying self-help association,
effectively motivating respondents to action. Each

~ new contact makes added impact to the group and if
this concept is promoted, it could act as a mutual
aid exercise in agr icultural education in many fields.

® This medium requires rather different skills from
those frequently used in extension, All members of
the network may listen but only one station may broad-
cast at any one time. This means a delayed oppor-
tunity to respond to queries or to ask questions. It

is not possible for other ground stations to 'butt-in'

as we do in telephone conversat:.ons.

® This puts pPressure on participants to state their
ideas clearly and briefly and then request comment
from other likely respondents. This means improving
our listening behavior and could mean clearer com-
- munication. There could be value in a local training
session for those of us in Wellington usmg this station
~ to improve our techn1ques. '

® It seems necessary for one person to accept the role
of session organizer and circulate a facsimile of the
proposed discussion material in advance of the proposed
seminar. This gives interested respondents time to
review, discuss, collate mformatmn and reply and, if
necessary, amend the proposals. :

® To be u_seful, d,,i_scussion must deal in relevant detail.
SRR Superficial discussion is of little value. Similarly, any
e - ~ follow-up such as exchange of literature must be rele -
vant and completed as soon as possﬂole after the link or
1nterest is largely lost
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SECTION 3
DATA TRANSMISSION

For Lnstance, communlcatlons using facsimile and teletype transmissions
were investigated extensively, Another important nonvoice use of the ATS
was for ranging and position fixing experiments. This section concentrates

on the user experiments that are primarily nonvoice data transmissions,

3.1 NAVIGATION AND RANGING EXPERIMENTS

‘Névigationﬁafnd ranging experiments have been an integral part ;
of the ATS program since its inception. Table 3.1 chronologically summarizes

these éxperiments, their salient features and identifies the experimenters,

The first successful position location experiment involving the‘
'Lnt.ergr‘ogation of a p‘latform electronics package (PEP) through an ATS
satellite was conducted on February 19, 1968, -emp‘loying the Omega Position
Liocation Expefln{ent (OPLE) system (Reference 32’6). Since that time,
numerous. experiments and tests involving demonstratlons and evaluation
of various types of ranging techniques and system configurations have been
conducted., Many of the experiments were ooncerned dii'ectly with the:

precision and accuracy of the measurements of range, line-of-position,

~and actual position; however, some experiments included measurement of
“interrogation reliability, data error rate, and carrier amplitude statistics

resulting from sea-reflected multipath and atmsopheric fading.

: There*were two rahging techniques tested during the ATS program.
One was a hybrxd technique called OPLE in whxch stgnals from the OMEGA

‘ terrestmal hyperbohc navtgatlon system are relayed through a satellite

to a fixed ground statxon for processmg and position calculat).on, and the

' other was. the rangmg-altxtude technlque sometlmes called the two satelhte

rangmg techmque.
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TABLE 3,1
SUMMARY OF ATS NAVIGATION AND RANGING EXPERIMENTS

Type!
Agency Type Frequenc Type Tacget .
Dete Contractor Experlment Band(s) Ranging Station Remarks
i
Feb, 1968 GSFC Position VLF Varlous Employed Omega Hyper-
thru Texas Location VHF Fixed and bolic Navigation Technique
{Sept. 1969 Instruments : Moblle with Satellite as Data
[ Relay (OPLE).
Huly 1968 Federal Ranging VHF FM Ship, Ship In North Sea, Fixed
{ thru Republic of Line of Position Sidetone Flxed Statlon in Germany,
Dec, 1968 Germany .
Apr, 1969 USN Ranging, VHF FM Moored Buoy moored off Bermuda,
thru Gen, Electric /| Line.of Position ‘Tone-Code Buoy Short test with van in New
ay 1969 York, -
un, 1969 GSFC Position VHF FM Ships Ships: Gulf of Mexico,|
thru Gen, Electric | Location "1 Tone-Code Alrcraft . Pacific Ocean
Jan, 1971 A/C: New Jersey, New
York, Thule,
Iceland,
PMarch- | NASA/ERC Ranging * L. PSK Ship, Ship: Norfold, Va. to
April 1970 | ALl Line of Position Sidetone Flixed . Baffin Bay,
{Manhattan)
o . Fixed: New Jersey
m:vcmber - | as¥rc Ranging VHF | Sidetcne Alrcraft, ‘Alrcraft in vicinity of
cember Texas Position Fixed Datlas, Texas.
1970 Instruments Location Reference Station in
. Dallas, Texas;
ovember- USAF/ Ranging L CPSK Fixed Compared C-band and
December SAMSO - C PN Code (Mojave) I1~band precision and
1970 All ) . accuracy,
rche GSFC Ranging [+] PM Flixed Compared C-band and
psil Weetinghouse L Sidetone {Mojave) lL-band Ranging Precision
1871 C and Accuracy,
Niarch- GSFC Position c PM Fixed Measured position
Jane 1973 Westinghouse | Locatton L Sidetone (Mojave) preclision and accuracy,
: VHF
Aprit 1971 FAA Ranging L “PM Alrcraft Measured effects of sea-
to Present Boeing Sidetone’ reflected multipach on
: . o : ; ranging accuracy.’
June 1971 | GSFC Ranging c PM Fixed “GCompared C-band and
S | Vi estinghouse VHF Sidetone (Mojave) VHF Ranging Precision
_i _ : and Accuracy.
rmy[ 2971 | MNASA- Line of Position 1 CPSK Fixed Measured differential =
. Wallops Sta. (LOP) PN Code {Approx, LOP précision and -
: All g S ml. apart)| accuracy, )
March 1971 -{* GSFC _{ Position L SFMO Ships Use of ATS-5 Transponder -~ .
thre - Gen, Electric/} Location Tone-Code . network throughout Atlantic, =
December : ) e

1972
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In the OPLE technique, very low frequency (VLF) Qmega Navigation
sighalg were received by a platform electronics package on a remotely
locaized user or target vehicle, Figure 3.1 diagrams the OPLE technique.
Aft‘e;r rec;eiving an interrogation signal transmitted from an OPLE Control
Center (’OCC) through a satellite repeater, the PEP replied by transmitting
an acquisition and reference tone and the Omega VLF signals which had been
up-converted to the very high frequency (VHF) band. The PEP transmissions
were relayed back to the OCC by the same satellite repeater. The relayed

OMEGA signals received at the OCC were processed to determine the PEP's

location. In addition to transmitting the received Omega tones, the PEP had

the capability of convert‘i‘ng local sensor information to a digital fdrm and

relaying it to the OCC.

One of the m’ore attractive énd praétical navigation te‘chnique‘s for a
commercial satellite navigatibﬁ ahd traffic control system is the ranging-
altitﬁde tech_nique employing two satellites. - Since, in a commercial system,
it is practical for the user vehicle to be cooperative, there is no need for a
passive (rec,eivey'only) technique which would require either three satellites,
the use of highly stable and accurate clock or a highly ;accﬁrate angle

measuring system aboard the user vehicle.

In the ravn‘ging—altitude technique, a pdsition fix is obtained by

measuring the range between the user vehicle and each of two satellites of

 known position. If the vehicle is airborne, the altitude is also measured

(see Figure 3.2). Each satellite range defines a sphere with its center at the

satellite and its surface containihg the user ve‘h’ié;le._ The altitude plus the -

: ‘r’adius df_ the earth defines another sphere containing the user vehicle. Each
. range sphere‘iritersects: the earth's spheré in a circle .whi,ch"is‘ called a
hne -of-position (LOP) co'nfaining‘thekvehicl'e. When equatorial's&rnchronous
' “’s::atell-,ites‘, are employ’efd,, thé ambigu'ous position isrk on the opposite side of
ﬂqe équat;,oz:",‘from the vehicle3 }"I‘his ambiguity istherefbré‘easily resolved

~ except for a small band in the vicinity of the equator.

3=3
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Major sources of ervor in range measurements arise from variations
in p‘ropagation; time due to the earth's troposphere and ionosphere, uncertain-
ties in the knowledge of the positions of the satellites and fluctuations arising
from various noise sources and instability in the instrumentation and
radio frequency channels, Furthermore, the accuracy of the shape of the
earth model and the measurement of altitude of airborne vehicles will affect

position accuracy in this technique,

3.1.1 Omega Position Location Experiment

The concept of using the Omega Naviation System for the

location of remote meteorological platforms by relaying the Omega signals

to another location for processing was originally suggested by the Goddard
Space Flight Center in January 1965, Objectives of the OPLE experiment
were to demonstrate the feasibility of the OPLE concept for establishing a
global location and data collection system, evaluate the experimental equip-
ment performance, and investigate the concept applicability for various types
‘of users. The OCC equipment and processing provided the capability of
determlning the simultaneous locations of four remote PEP's and locations

of PEP's mounted on mobile platforms. The OPLE experiment equip- |
ment and signal processing contributed a radial location uncertainty

(foot mean square error) of about 0.2 nautical miles, The results of the
OPLE experiment tests are summarized in Table 3,2, The report concluded
that the OPLE technique may be used on a global basis for locating all

types of mobile platforms including aircraft with a velocity up to at least
200 knots (References 3 and 4), The significant technicel achievement of the’
experlment was demonstrated that the phase information contamed in the VLF
Omega signals received by a remote platform could be relayed through the
"ATS synchronous altitude satelhte with sufficient stabxhty to permLt pOSLtLon,
~to be computed with an accuracy comparable to that ach).eved by a conven-

tlonal Omega navlgatlonal receiver a.t the platform site. The expertment

A simulated high velocxty test mdlcated that OPLE could successfull.y
loca.te an ajrcraft havmg a velocity up to 2000 knots (Reference 328)
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TABLE 3,2

SUMMARY OF OPLE EXPERIMENT TEST RESULTS

part of OPLE link caused no apparent
increase in position determination error,

EST ! RESULTS COMMENTS
Fixed Daytime position determination error Using selected data; i.e., correctly resolved
|between 1 and 2 nautical miles lane ambiguity and optimum lane width,
Nighttime position determination error
/between 2 and 4 nautical miles, ¢
Ship Avéxaze position determination error Using ship's radar as a reference. .
| 1.2 pautical miles,
. : . a
Alrcraft Position determination error 1.0 to 1,5 Using ground-based radar as a reference,
! nautical miles before sunset. Errorsifor closed clrcular path flown in-
i Position determination error 2,0 to 3.0 3 minutes similar to those for linear tra-
i‘ nautical miles after sunset, jectories, .
i Differential OPLE. position determination
| error 0.5 nautical miles average.
1]
! Separation of two aircraft as measured Radar-determined separation during flight"
l by OPLE had.an average error of 0,25 varied from 0,3 to 1.7 nautical miles,
’ nautical miles, OPLE error in most cases between 10 and
20 percent of radar-determined separation,
) .
- -
Buoy Position determination error had a mean Position reference for moored buoy had an
: value of 1.2 nautical miles for a moored . accuridcy of + 25 feet, Accurate references
buoy. Drifting buoy tests inconclusive, were not available for the drift test,
i :
Balloon Position determination mean error of Average values for two separate flights using
3500 feet and standard deviation of 2260 photograpliic reference. Accuracy of
feet, reference s + 1000 feet.
Differ ential Daytime position deterimi.na’tion error less Results affected by: proximity of Omega
OPLE | than 0.5 nautical mile if reference and Station D, VHF interference by aircraft,
PEP were separated by less than 50 and ATS-3 scheduling problems,
pautical milles,
Daytime error less than | nautical mile
for separations of from 50 to 200 nautical
miles, [
Nighttime position determination error less
than 0.5 nautical mile if reference and plat-
form bave up to a 50-nautical mile separation,
Nighttime position determination error
Lncreases by about 0, 3 nautical mile for
- every additional 50 nautical miles as
separation varies from 50 to 200 nautical
miles,
Landline " Use of Nimbus Cémponile Data Link for Data sample size limited valld statistical

conclusions. A




also demonstrated that data from sensors co-located on a remote platform
could be conveniently combined with the relayed Omega signals to imple-

ment a centralized data collection system,

3.1.2 VHF Ranging and Position Experiment

The first opportunity to demonstrate and evaluate the ranging-
altitude navigation technique on two geostationary satellites came with the
successful launch of ATS-3 late in 1967, The orbital placement of the
satellites at 150°W (ATS-1) and between 45°W and 75°W (ATS-3) provided -
a useful area of mutual visibility from the east coast of the U.S. westward
to the eastern portion of the Pacific Ocean, Also, the nearly identical VHF
repeaters on ATS-1 and ATS-3 permitted the implementation of the technique

with relatively inexpensive mobile transponders.

Under a contract to NASA, General Electric initiated a three-
phase experimental position location program. The first two phaSes of
the experimental program, which utilized the ATS 1 and 3, had the following
objectives,

. To:demonstrate the feasibility of ranging and

position fixing from synchronous satellites to
small mobile terminals at VHF radio frequencies,

o To demonstrate the advantages of a tone-code ,
(pulse tram) rangxng technique,. :

. Obtain data over a large geographlcal region at ,
various times of the day to indicate the variations
in ranging and position flxmg accurac;.es caused

- by location and time of day.

Phases 1 and 2 of the experimental program involved the use

of fourldif’ferent types of mobile platforms. Ranging mea surements (from
one satelhte) were conducted employing an oceanographlc buoy between
February 13 1969, through May 1969, Similar measurements were
conducted employmg a van driven from the village ‘ef ManyCorners

| New York northward for approxnnately one hour on March 27, 1969, The

oo fLrst pOSLtLOI‘l flxes made employlng range measurements from two ATS
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synchronous satellites occurred on July 1, 1969, The test vehicle was the
U.S. Coast Guard Cutter VALIANT located in Galveston Bay and fixes were
computed from ranging data records at the General Electric ground station
in Schenectady, New York. A second ship, the.Coast Guard Cutter RUSH,
was used for longer term tests from May through July 1970 in the Pacific.
Position fixing experiments involving two types of aircraft furnished by

the FAA were conducted between July 6, 1970 and January 23, 1971, Tests
were run with a DC-6B on a trip between the FAA National Aviation Flight
Experimental Center (NAFEC) in New Je’rsey and the Griffiss Air Force
Base at Rome, New York on July 6, 1970, Further tests with the same
aircraft took place on a flight from NAFEC to Thule, Greenland in January
1971. Most of the flight patl: was beyond linie-of-sight to ATS-1, but much
valuable data was obtained upon departure and arrival at NAFEC, The
experiments demonstrated that geostationary satellites could provide high
quality, reliable, undelayed communications betWeen distant points on the
earth and that could also be used for surveiilance. A‘ combination of un-
delayed communications and independent surveillance from shore provided
the elements necessary for the implementation of effective traffic control
for ships and aircraft over oceanic regioﬁs. These testé pkro{rided sufficient
information so that it was then possible to consider the design of operational
systems for air traffic control, marine traffic control, management control
of automated shipping, and the synoptic 1ocVat'Lon and read- out of a widespread

‘ network of remote metedrological and oceanographic sensor platforms.

4 Several cohcluslons (Reference 23) were drawn from Phases 1
~and 2 by the expe‘rih;entér.
' A simple model of the ibnosphere was adequate

to correct position fixes to within approxunately
one nautical mlle.

(] The largest single source of bias errors in
position fixes and lines of position was error
in predictions of satellite pOSLtLQIl_._

3-9




® A timing error on the received signal at the

user transponder could cause the position fix
to be displaced along a hyperbolic line of position,

® An error of integral multiples ofi_epproximately
75 miles resulted from improper operation of
the address code correlator,

‘e Link reliability for mobile craft was poor to
~ good under most conditions of the experiment:
and the poor reliability was caused by poor
signal levels, ionspheric scintillation fading
and occasional interference from the routine
air traffic control transmissions.

As the;VI%Iana;’Vigation experiments were being conducted, it
became apparent that the VHF pertion of the spectrum would not be Cape."ble
of supporting Operatiohal satellite navigation or surveillance sYstems with-
out an extensive frequency realldcation plan to provide a sufficient number
of interference-free channels. Smce the VHF bands were fully allocated
and highly utilized, the World Admmlstratwe Radio Conference on Space
T echniques (WARC-S'I‘) in 1971 saw fit to allocate a segment'of the UHF band
between 1535 and 1660 MHz (often referred to as ""L-band") for radio
communication a.nd/or radio determmatlon purposes, Portions of this~
band were excluswely apportloned for use by the a.eronautlcal-mobLle
and marltlme-moblle services for space radio techniques. This action

' created real need for further research and Vdevelopment to determine

the following.
'@ The effects of transionospheric propagation at
L-band on communications and navigation systems,

g ) The impact of the use of this higher frequency band
- on the need for further development of space and/or v ’
obtle eqmpment technology. e
The 1aunch of ATS-5 in August, 1969 prov;.ded the flrst
opportumty to perform L-band experiments using a synchronous-a.ltxtude
satellite, Unfortunately, difficulties experieneed during the launch phase E

- prevented the despin of the satellite so that the spacecraft L-band antenna
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beam swept across the earth once each revolutlon. Means of exhploying
the approxunately 50-m1111second "wmdow" created by the satellite spin
for both communication and navxgatlon systems were devised and many

navigation and ranging experiments conducted,

Phase 3 of NASA - General Electric Ranging program got
underway early in 1971 and was completed in late 1972, It had the
following objectives. ' B

[ Measure propagation effects such as ionosghertc '

“delay and sea reflection multipath simultaneously
- but separately at the L-band and VHF frequencies

" for a direct comparison of their effects on
ranging precision and accuracy,

. Determine the relative reliability of the |
' communication hnks under the conditions of
. the experiment at L-ba.nd and VHF,

The technlque used in Phases 1 and 2 extended to L-band
usmg the ATS-5 satellite. An automatic tone-coding ranging transponder
Was designed, constructed, and used to compare ranging measurements
’ and communications reliability at VHF and L-band, The L-band/VHF
automatic transponder was used in experiments with the ATS-5 and
ATS-3 satellites in January and early February and from June through '
November of 1972, The L-band receiver of the ATS-5 satellite did‘not

function between Febraury and June 1972, L o

‘The transponder was located at General Electrlc s Radto-Optlcal
Observatory during the test period. - Tone- code Lnterrogatlons were transmitted
at VHF from the Observatory through the ATS-3 satellite and back to the
tr.ansponder. The transponder. responded on VHF through ATS-3 and on
| L-—band through ATS-5,

Results of these rangmg experiments confered that rangmg
: resolution measured in tens or hundreds of feet may be achieved at VHF
and L- band within the radio frequency bandwxdths used for communications

with Smele, Lnexpenslve, automatic equtpment, The ranglng sxgnals can be
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compatible with communications and the range measurements can be
accomplished in a time that is negligibly short compared to the signal

durations used for communications,

3,1.3 VHF Navigation Experiment

The VHEF Navigation Experiment was also»a Ranging Altitude
Navigation experiment which utilized equipment modified from the OPLE
experiment, It was performed by Texas Instruments, Incorporated to ful-
fill the need for on-line (or real-time) position location and display. Such
a real-time demonstration of position location With comparaﬁve radar ground
truth data would be more effective in showing the utility of satellites to
‘enroute surveillance of air traffic, This tec’onique mavdbe use of the modified
OCC and the ranging transponder (Reference 300). The;mejor technical
objective of the experiment was to evaluate the performance of the alternate
position location techniques and to compare the accuracy of the differential
v ranging technique with its .p‘r.e‘di‘cted performance., To establish' reasonable
v | estimates for the predicted posxtlon location error, extens ive measurements

were made of the RF link performance.

This experiment succeésfully demonstrated the implementation
of the ranging-altitude navigation technique with reé.l- time di5p1a$r of in-flight
airc,yraft position at a ground control center, The experiment also demon-

"strated. the following.
® The utility of synchronous satelhtes in- the
‘master/slave configuration us ing differential

techniques to remove large common mode
errors in the ranging measurements,

o  The capabilities of narrow-band sidetone ranging
yielding position location accuracies of approxxmately '
~ two nmi for a 941-Hz sidetone, : » :

o The facility for real-time computation and display
- ofaircraft position, using dlfferentlal or absolute
L rangmg techniques. '
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3.1.4 Position Fixing Uslng ATS-3

Followmg an LnVLtatlon by NASA, the Bundes-Republic
Deutschland (BRD) carried out an experimental program with the ATS-3
satellite., The object of the program was to determine the system parameters
for aé navigator satellite ssrsétem. The test program consisted of line- of-
position determination based upon rangemeasurements using the VHF

transrponde'r of the ATS-3 satellite as well as speech and data transmission

“between ships and the mainland. Range measurements were made from the

research ship MET EOR during July and August 1968 while the ship was on an

expedition to the FafroeIslands. Range measurements wer e also made from

“a fixed station located in Oberpfaffenhofen Germany (approxima.te‘ly 480N,_

: _lloE) du:gf'mg November and December of 1968,

The distance between the ship and the satellite was measured
’by.a s,‘idei-:o.ne ranging technique whereby two sinewave tones (24. 4141 Hz
and .3125 Hz) were modulated onto the VHF carrier. The 3125 Hz sidetone
was used to obtain range resolution and the 24 Hz tone was used to. resolire

ambiguities, The phase differences between the transmitted tones and

their respective received tones were measured using a phasemeter capable

of + 2° accuracy, This allowed an accuracy of + 260 meters in the distance
measurements. The earth stations employed antenna ga'ms between 0 and
12 db with transmitter powvers, of 50 to 200 watts. After el';m;matlon of all
instrument dependent phase errors, the distance waks deteﬁni.ned from a
’computer tabulation which listed indiirldual/distau_c:e,caleulations for all

possible combinations of phase ’values of ‘th,e different frequencies, The

| position of the ship during' the 0. 3 kHz 'measureﬁienﬁs were determined

preciSely by Lora‘n. The position of the sat'ellife-was“computed from
orbital elements supplied by NASA and the geometncal dLstance was

calculated ~

‘I‘he dlfference between measured and computed chstance

.between ATS-3 and MET EOR amOunted to about 14 Km. Measurements

from a fxxed location at Oberpfaffenhofen resulted ina root square deVLatLon
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of + 450 m. The shape of the daily distance variations from the movement
of the satellite about its mean position was very similar to the deviations
of the range measurement, For this reason the experimenters concluded
that the measured deviations arose from a drifting motion of the satellite

) rather than from the measurement method of ionospheric effects, A
recommendatlon was made that the true position of the satellite be given

at short intervals (a maximum of one hour) for future users.

3.1.5 Multipath/Ranging Using ATS-5

In May 1970, the Federal Aviation Adrrtli.nistiration performed
an Ii_.-band experiment involving over-ocean multipath and one-way ranging
meaiélirements through the ATS-5 satellite between'a gro@é station and a
KC-135 jet aii'pl‘ane. The objectives of the e;;periment were to stucig; L;band
propagation between a geostationary satellite and an aikrc raft and in particular
it was desired to measure and evaluate the effects of multipath transmission
on both communications and on ranging measurements used for position -
location. The data gaihered with the specially i.nstrurri:ented a{fé;raft was

to be used in determining design criteria for aircraft antennas.

Sé\‘fer‘alfsignificani; conclusions were drawn from analysis of
the eXper,imental ranging and multipath data acquired during the f.irst half
" of the fnght test program. The ratio of the mean scattered power to the
' dLrect path power, was apprommately equal to the product of the divergence
"factor and the smooth-earth reflection coefficient for all cases to date.
As :’ignt.ificavnt sense '.'(cvé\yrevrsbal' effeét was present when the signal incident on
- the ‘foc:ea'i shrface was circularly polarized The power spectrum of the
multlpath signal had a Gaussian shape with 1 /e bandwidths of a few
hundred Hertz for the fhght pa.ths and elevatmn angles ‘flown where

e=2, 71828
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3.1.6 L-Band - ATS-5 ORION - SS. MANHATTAN Marine Navigation
and Communications Experiment

In the spring of 1970, a ranging experiment was conducted
employing the ATS-5 L-band repeater in which measurements were taken
aboard the icebreaking tanker S.S. MANHATTAN on voyage from Newport
News, Vbirg'mia to a point 73. 5°N latitude, 60°W longitude in Baffin Bay,
This experiment was sponsored by the NASA Electronics Research Center
and supported by the NASA /GSFC ATS project (Reference 2). The objective
of the experimenta.t program was to conduct a series of navigation and
communications expenments via ATS-5 spacecraft to an ocean craft over
Wl.de varxatlons of latitude, longitude, weather conditions, and elevation
angle to provide a basis to demonstrate the feasibility of navigation via
synchronous satellites and to correlate measured quantitative data with

theoretical predictions,

: Ranging and data transmission were accomplished using the
Optrmum Rangxng in Oceanic Navigation (ORION) system developed by Applied
Information Industries. This system employs biphase PSK modulation of
three tones for ranging. Line of position accuracies achieved with this system

were on the order of 1 mm.

The experiment concluded that I.-band signal transmission via
a synchronous satellite‘would produce precise and stable range rneasure-
ments; and that an uncomplicated equipment complement was possible for -
widespread marine use. This passive navigation system could provide ;

instantaneous pOsiﬁon fixing across broad areas of the globe,

©3,1.7 System 621 B/ATS-5 Signal Demons'tration Test

The System 621 B/ATS-5 Signal Demonstratron Test
Program (Reference 39) compnsmg equlpment development “testing at
Mo;ave, and data reductron was begun in July 1970 and all test phases were
completed durtng January of 1971. The program achleved the two prlmary

obj ectwes.
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® To demonstrate the ability of System 621 B
receiver equipment to provide accurate and
precise ranging data using a pseudo-noise
code technique.

(] To evaluate ionospheric propagation delay for
L-band signals using the ATS-5 satellite.

3.2 METEOROLOGY

A satellite is an important meteorological tool because it can ""see"

things which ground stations and aircraft cannot, A policy statement™ of

the American Meteorological Society (AMS) on meteorological satellites

describes the advautages of a satellite as:

Meteorological satellites observe all parts of the -
earth's atmosphere and surface from space,

From these satellites certain observations, :
needed in meteorological analysis and forecasting,
are made with instruments that measure the upward
radiance in the visible, infrared, and microwave
portions of the spectrum. Satellites are the only
practical mnans whereby these global observations
can be made with a useful frequency and time scale.
Equivalent global coverage from ships, aircraft,

or any alternative means would be impractically
expensive, Moreover, in some instances, the
observations of parameters such as global cloud
patterns can be made only from satellites,

Prior to this, the World Meteorological Organi‘z_ation said regarding a .

satellite:

1t provides observations and measurements of

conditions in the earth's atmosphere and on the
earth itself from positions beyond the atmosphere, !

"It provides a means of relaying telecommunications
signals from a point on or near the earth's surface
to another similar point or points,"

"It provides observations and measurements of »
~conditions in outer space itself and, in some cases,

"PBuwlleting of the American Meteordlogical Sbciei}y, January 1976.
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on or near other planets in the solar system as
well as the earth's natural satellite, the moon,"

T hese two sources reflect the prevailing opinion of meteorologists and
describe succinctly the advantages of meteorological satellites, The
ATS series, designed primarily for communications, fulfilled to a high

degree the above requirements.

Because of their geosynchronous orbits and the cameras on-board,
the ATS-1 and ATS-3 allowed, for the first time, large areas of the earth
to be photographed so that the earth was fixed and the changes seen were
changes. in cloud patterns. An example of ATS photographs is shown in |
Figure 3, 3. Plctures taken every twenty minutes by these cameras make
it possible to investigate the dynamy.cs of cloud motion and the development
of cloud systems. Of special iinportance is the observation of remote

ocean area which prevlouely had not been observed in any detail,

3.2.1 Cloud Pictures

The most important meteorologlcal use made of the ATS was
taking and transmlttmg cloud pictures to ground stations. These cloud
pictures taken over large segments of the earth, complement data from bther
sou rces:and éives to the research_meteorrologista total picture of those
paramet!?er;'s which effect and display weather patterns. Thus these cloud
plctures can be used to forecast weather and to investigate cloud |

characteristics assoc iated with thunderstorms, tornadoes and hurricanes.

ATS-l placed ina statlonary orbLt at 152 W over the equator. .
at an altltude of 36,000 Km has provxded a wealth of such meteorologlcal
Lnformatlon from the Pacific Ocean since December 1966 ATS-3 launched
mto a statLonary orbit at 35,000 Km over Brazil on 05 November 1967, is
in a similar orbit but about 95 further east and north of the Amazon Basin
1 o ‘and provldes SLmultaneous Lnformatlon from the Atlantu:- Ocean, Thus, complete
| cvo’verag’e of day time clo'ud'dlstributlon and short—terrri variations over an

‘area from New Guinea across the Pacific Ocean, South America and the
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Figure 3,3 ATS-1 Spin Scan
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Atlantic Ocean to the West Coast of South Africa was achieved by these

two satellites,

3.,2,2 Spm Scan Cloud Cameras

7 The San Scan Cloud Camera (SSCC) installed on ATS-1 provided
black and white coverage of the earth only from 52, 5°N to 52, 5°S whereas
the ATS-3 Multicolor Spin Scan Cloud Camera (MSSCC) allowed a full disc
color pic;;ufe. The color picture’s were an improvement over the black
and white pictures because of meroved color contrast of clouds against the
eari:h’s background and because the f.ull earth disc also made navigation
on the picture much eas ier thch in turn allowed for an easier computemzed

method of determlm_ng cloud displacements.

Profeeeer V.E. Suomi, Department of Meteorology, University
of Wisconsin and Profes sor Robert J, Parent, Department of Electrical
Enéineering, were principal and co-investigators for the monochrome and
color spi_néca-n camera development, Dr, Suomi's opinion is that the MSSCC
was overwhelmingly successful in almost every aspect and due to its long

lif,etime,‘ very cost effective,

3,2, 3 The Use of ATS Data

After the ATS-1 and ATS-3 were launched and the method of
proce%ssi?ng, the cloud pictures established, there were three further problems.
The firs:f: .V‘Was.to'design particular eXperiments that would combine ground,
aircr‘a'ftéand satellite obServat'Lons into one data base from which an'.analysi‘s
of weather patterns could be made. The second problem was how to utilize
the dally cloud pattern plcture for forecasting purposes and. the general

study of storms. The third problem was determmmg cloud motion from the

cie\id~_pi_ctures.' To solve the first of these, the Lme Island Expenment

wa s-'designed.
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3.2.4 Tropical Weather Data Collection

The Line Island Experiment (LIE) conducted during

February - April 1967 was one of the first field programs in the tropics,
The Line Island Experiment Plan was for an intensive series of weather
observations to be made from ground stations on the island, from ship-
board stations and from research and reconnaissance aircfaft. These
conventional observations along with observations made by NASA and ESSA
using polar orbiting meteorological satellites were to be used to evaluate the
'photographs taken by ATS-1, The objectives of the experiment were to
make ’a detailed investigation and description of‘meteorological events in
and near the equatorial trough zone which is an important source of energy
transport. The experimenters felt that the large-scale cloud systems as
seen by the ‘'satellite had never been adequately compared to and correlated
with corresponding observational data obtained by conventional means,
They had further felt that this lack of such a comprehensive evaluation

had seriously hampered progress in achieving understanding of tropical
weather and its effects on global atmospheric behavior, From tﬁis o
initial experiment up to the present time, the ATS-1 ankd 3 and their
successors, the SMS/GOES have been used in this manner, that is, an
attempt to correléte the motion of‘clouds and their pattern with atmosi:heric
measurements of wind, temperature and humidity; Unfortunatelv;y, ‘this problem
is still with us so that no conclusions can be drawn regardiﬁg the success

of the Line Island Experiment and others like it such as BOMEX,

BOMEX was a joint project ‘of seven U, S. departments and ;
ager’;cies conducted during the period 03 May to 28 Julyyl969. The ATS prbvided
treal time' éamera coverage of the BOMEX area as well as the WEFAX
Broadcast link 'Ln,sapport of the project. | |

~ The second problem, thét of uélhg cloud pic’tu’reé,as é forecasting
tool is of coursé, coupled with the first in this manner, ‘Fo:ecasting models
require inpﬁf from both ground and si:a.cé sensors. These models are still

being developed and until the cloud pictureys are useful in forecarsting,; there
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is still much work to be done. Cloud patterns are very useful for studies

of storms and as a monitoring device,

3.2,5 Severe Weather Monitoring

If a forecast method can be developed that will predict severe
storms using cloud data then monitoring clouds becomes effective, To
study this problem, thunderstorms and hurricanes have been monitored by
ATS-1 and ATS-3 and the resulting data analyzed in order to better
understand and hence predict severe storms. Hurricane Gladys which
occurred on 17 May 1968 and Hurricane Debbie of 16 August 1969 were both
monitored by ATS-3, Papers describing the build-up and description of

the storm were prepared by scientists at the University of Chicago.

The third problem to determine cloud motions from cloud
pictures has been addressed by the University of Chicago and Stanford
Research Institute Satellite Center, This has met with some succeé‘s and
has proved to be an aid in forecast‘mg -storrn. movements and circulation
patterns, The MSSCC camera of ATS-3 was a help here because the color
helped ldentlfy the altitude of them, gwmg a wind at an altitude.

3,2,6 Interrogation of Remote Unattended Sensors

A further important use of akmeteorologica'l. satellite is to
intei'rogate remote and unattended sensors, The first attempt was made by
General Dynamics Convair for the Coast Guard using A/’I_‘S— 1, The buoy
was located at about 160°W by 450No'1n’ the Pa.cific. The second was made
by the Royal Norwegian Council for Scientific and Industrial Research in
December of 1970 through Januar.y of 1971 The Setellite Coyrnmunicatlon'
Oceanograpth and Meteorologmal Buoy (SCOMB) built by the Norweglans
was developed to evaluate the possxbLhtLes of satellite relayed data trans-
mission from ocean platform operatlon at htgh 1a.tLtudes. This buoy used
 ATS-3 and was posxtloned at 60,5 N and 4°E, It appears from the literature
: ’that neither attempt was successful enough to warrant further experlrnent's

Vm the area., The transmlss ion from buoy to satelhte to ground station Was

' satiéfact'ory but the a.blhty to command the buoy was unsatisfactory, -
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Another example of transmission of data from a remote
unattended sensor is the experiment called Seek Storm performed by
Sierra Research Environmental Lab under the direction of J,A, Kleppe.
In this expeﬂrhent wea,ther‘ radar data was transmitted in real time, using
the VHF transpon&e‘f of the ATS-1 and ATS-3 satellites, The conclusion
of the report describing this experiment stated that digital data could be

transmitted in this manner,

- The most important part of the communication aspect of the
ATS as seen by the meteorologists was WEFAX, i.e,, the Weather
Facsimile Experiment, This experiment was designed to sfud-y the feasibility
of broadcasting processed cloud pictures as wel_l as other meteorological
data from the ATS to.ground stations, T’His was a different type of
meteorologi;;:é;l ‘sartgllrite' experiment becéuse it had no unique flyable
hardware, i.e., it hsed the VHF transponder on-board the spacecraft, The
ATS-WEFAX éxperiment, which began in December 1966 originally
transmitted selected cloud cover photographs taken by ATS-1 spin scan cloud
camera and then used ATS-3 picfures. The WEFAX experiment has proved
extremely useful to meteorologists, especially those éompanies with air- ‘
lines in that they receive hard copies of cloud piétures in near real time

using relatively inexpensive ground recorders,

3,2,7 Spectroscopic Sun Glitter

r : This experiment pei‘f’oi‘med by Suomi aﬁd Pa"reh,t of the University |
of Wisconsin was to show the feasibility of spectroscopic st@di_.es of the
 earth's atmosphere using the sun as a radiation source and 'é.n‘_ATS-'3 to
detect the solé;‘r fadiatibns reflected from the earth's surface. The conclusion

by the authors states that th'ekexperiment shows the feasibility of studying
» the east-wésf component'of‘ the‘v;va{'res slope distribution from a synchronous |
satellite by using the sun as the radiation source Wit}‘l‘ ité movement,

relative to the earth as a scanning mechanism. -
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3.2.8 Conclusions

Meteorologists need an abundance of frequent environmental
data to prove or disprove theory and to make realistic forecasts of ‘
weather., A satellite is an almost perfect tool to acquire this data in réal
time and to transmit it to ground stations where and when needed. The
ATS provided to the meteorologist an experimental device for evaluating the
usefulness of such a tool and led the way for development bf more sophléticated
satellites for both acquiring and dissemination of environmental data, The
satellite has now become an indispensable tool to them and has ‘ivnc reased the |
knowledge of the movement and development of weather patterns enormously,
It is now possible to monitor on a real time basis the development of large
and small scale weather patterns on a global scale. The question that now
remains is to utilize and condense these data into realistic forecastmg
models. The meteorological satellites will continue as a vital pa.rt of this
development, However, without the initial impetus the ATS program gave
to the meteorologist such models would still be in an ’é‘:;tremelyt preliminary
sta.{te. While a cost-effective analysis of the ATS program from the point
of \friew of meteorologists is impossible, it is certainly obvious that the
prégram was absolutely vital to the development of better techniques for
predicting weather ia.nd for inodeling the behavior of many atrnospheric

phenomena,

3,3 TIME AND FREQUENCY DISSEMINATION

During the course of two years beginning in August 1,971, the WWV
time and frequency signals, usually heard only on the Na tional Bureau of

Standards (NBS) hwh frequency radio statLons, were transmxtted from the

| NBS laboratories in Boulder, Colorado, and relayed by A'I‘ S-1 a*zd 3 satelhtes '

to 2 major portion of the earth (Reference 19), The signals covered the

' North and South American contments, much of the Atlantic and PaCLfLC

‘Oceans and parts of Europe and Afrlca., a total of about forty percent of

~ the Vear»th's‘surface. -




A standard frequency tone, seconds ticks, a time code, voice announce-
ments of the time of day, and satellite position were transponded by the
satellite to the earth twice a day for 15-minute periods. The time and
 frequency information was referenced to and derived from the NBS Frequ.ericy
Standard and the NBS Coordinated Universal Time scale (UTC); both .

of which are maintained at the Boulder NBS laboratories,

Historically, the first satellite time experiments were conducted in
August 1962 using Telstar. The purpose of those experiments was to compar.ewz
the clocks at the U,S. Naval Observatory in 'W'as'hi_ngton, D.C., and at the
Roy'ial-Greenwich Observatory in England, Signals were relayed between
theéé”:lfocati.ons by Telstar's microwave transponder. A two-way exchange
resolved the round trip path delay and assumed that the paths were reciprocal,
1f the satellite motion was negligible, which is assumed to be the case for
geostationary satellites over a short period of time, the one-way p.a.th delay
was one-half the round trip delay, The major advantage of the two-way
exchange was that knowledge of the location of the satellite and of the ground
stations was not required, The major disadvantage was that both ends of the
path néede‘d a transmitter and receiver and that only one user could be
synchronized in any one exchange. Similar experiments were carried out
-with the Relay communications satellite in February 1965 and again with
| ATS-I ,a.‘nd ATS-3 in 1971. Those experiments reported accuracies ra.ngizig :
from 0.0l pstol pus. All of these eﬁperiments were conducted in the micro=-
wave radio region using wide signal bandwidths. Althougfx great accuracy can.
be obta..inefl under these conditions, the equipment costs a.'re too great for
many;usrerts‘/.'__;' The need for a low cost technique led NBS in 1967 to condﬁct
two-way"'experiments using the ATS-1 satellite VHF transponder. Accurac1é§
of about 5 s were achieved using 'uiexpensive VHF feéeiving and trahs-

mitting equipment,

1NBS, motivated by an emphasis on low cost and simplicity, directed
its efforts in 1967 to the one-way mode for time transfer. Experiments
were conducted with the ATS-1 and ATS-3, Accuracy in the one-way mode is

lirrﬁted primarily by errors in the pai:h delay;ﬁfed‘xctions. o
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For high accuracy synchronization of the user's clock, the user had
to compute the total signal delay from the master clock at NBS through
the transmittihg equipment to ATS-3, through its equipment, to the user's
position, and through the receiving equipment. Since geostationary
satellites move about, a complicated calculation of path delay was
necessary, assuming the user began with the fundamental orbital elements,
If the user was only interested in time to the nearest second, no
calculation was needed other then a mental note to remember that the
signals arrived at the earth's surface approximately one-quarter of a

second layter.

Even for the higher accuracy, sophisticated time user, the effort
required to calculate path delay was deemed to be intolerable. Consequently,
NBS developed a circular slide rule to compute propagation delays. This
slide 'rule, in addition to voice e.nnouncements of satellite posi'tion relayed
by satellite, enabled the user to compute path delays with high accuracy,

at a minimum of effort,

As a means of evaluating the performance of the ATS~3 time
and frequency dissemination experiment, NBS set up four observation
sites, These sites were selected to be as widely dispersed about the
subsatellite point as possible, These sites were NBS-Boulder (which
was also the 10catLon of the fransrmtter) Air Force Cambrldge Research :
Laboratory ({AFCRL) in Massachusetts, and the Smxthsenlan Astrophysical
Observatory (SAQO) sites in A reqnipa, Peru, and Natal, Brazil, Each
site was equipped with a recei‘vy*'mg system and a'high accuracy time
reference to UTC  NBS generated UTC and acted as the master clock.
with all stgnals sent to the satelhte bemg deered from the NBS Frequency
: Standa rd and UTS (NBS) time scale. AFC RL maintained its the with
rya cornmercial cesium beam clock referenced to UTC through LORAN C
monxtormg and: portable clock carries by the standards laboratorres of
the Department of Defense. Arequlpa and Natal also had cesium clocks

for reference and were synchronxzed by portable clock carrLes from |
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NBS with frequency ""steering' from VLF monitoring of the Navy

station, Balboa, Canal Zone,

Each site measured the arr'wel ofthe time signals from ATS-3
relative to its local clock. Because each site's clock was ‘previou*slyzr
synchronized to the master clock at NBS, the measueed arrival time
was equali to the total signal delay between the transmitter and the site.
These measured signal delays were compared to computed values
derived frern orbital elements and eompiete d'f”e\"criptlons of perturbative
forces. It was estu'nated from the results that the accuracy and »
precision for the satellite time SLgnals were app roxlmately 25 us and 10 e
reSpectLvely. It has generally been accepted that WWV and WWVH can
offer timing accuracies and resolutlon of 1 ms and 0,3 ms respectwely.
A comparison between standard HF transmlssmn and ATS-3 usage is

given in Table 3. 3.

A problem area in the ATS-3 experiments was evident Whenever an

~orbit maneuver was exper}.enced The maneuver created an entlrely new

orbit for the satellite which requlred new orbital elements for. satelhte
pomtxon predlctlon.‘ Operationally, NASA would track the satelhte

immediately after the maneuver. The tracking process required a day

~or two, after which an orbl‘t'was'ﬂtted to the da;ta Consequently, it
- was a week or two before NBS had the information necessary to broad-

~ cast satelhte position to the user for delay calculations. For an operatlonal

service, thts delay in orbit determination would be unacceptable, .

=Although the level of opera’tion 6btained in the -experi.men't was not

fully satlsfa.ctory for a national serv;.ce such as provxded by WWV, it was

ylndeed obvious that satellites are a very real candidate to meet the -

- growing needs for higher accuracy and miore reliable time an‘dr i_requency'

signals, The experlment provided much of the insight necessary to

specify and direct further work to develop the level of competence

required for such a service,
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TABLE 3,3
WWV AND ATS-3 PERFORMANCE SUMMARY

HF ATS-3
Cove}age (Continuous non-interrupted) 10-1 55% 40% of earth
Cost to use‘r"("rgcei\fer and antenna) $100-',50.’O - $100-500
Resolution | 0.3 ms 10 us |
Accuracy 1ms 25 s
Path Delay Computations C‘omplex Simple
Time Recovery‘Technique Mediurh Complexity | Simple‘
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As a result of this experiment, the authors (Reference 47) offered

the following observations.

® TUsing a moderate receiving bandwidth and
power, a potential accuracy of 10 s or
better was indicated and, in some periods
of the experiment, achieved,

® The signals were highly reliable in that they
were avilable to 40% of the earth's surface
without interruption due to fading or other
propagation anomalies, This implied a
continuous uninterrupted performance to the
full coverage area of a permanent service.

e The cost of user equipment was inexpensive
and not substantially different from the equip-
ment required for the reception of the NBS
‘stations WWV and WWVH,

® To realize the high-accuracy timing potential,
only very simple delay calculations were
required and were readily satisfied by the
simple and inexpensive circular slide rule.

. The time recovery techniques were basically
identical to those used with WWV or WWVH
except that greater path predictability and higher

 sampling rates enhanced the user's ability for
time recovery and reduced his involvement to
obtain the highest accuracy,

. The signal quality was in every respect superior
‘to the WWV/WWVH broadcasts and resulted in
a clearer voice channel,

3.4 COMPUTER COMMUNICATIONS EXPERIMENT

In January, 1972, the Spacecraft Data Systems Branch of the
Ames Re,search Center, NASA, 1mt1ated an experxment in Computer
Communications via the A'I"S’-l eatelhte (Referehce 227), This experl-;
‘ment was designed to demonstrate the feaSLbLhty of utilizing satellite

' commumcatxon lmks to provtde computer-computer and terminal- computer
cornmuntcatlons between remotely located sites, In order that the o

experlment be kconducted under reahstxc condxtxons,' computing facilities - |
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at the University of Hawaii (UH) and the University of Alaska (UA)
were connected to the Advanced Research Projects Agency (ARPA)
computer net (ARPANET) via ATS-1 to the NASA-Ames Research
Center (ARC). The ATS-1 VHF transponder was utilized as a broad-
cast repeater for a satellite network operated in the ALOHA* random

access burst mode,

The initial experiments were conducted by UH with NASA designed
modems and interface hardware, The equipment supplied by NASA /AMES
(other than the radio) consisted primarily of a PCM Bit Synchronizer,

a NASA -built Formatter/Synchroni.zer, and a Convolutional Coder/Decoder,
A standard 9.6 K bps ALOHA modem was modified for rapid burst-
acquLSLtLon and low false-alarm rate, Minor modifications were made

to the ATS-1 radio to interface the ALOHA modem and a simple interface
unit was built to' go between the modem and the radlo, Efforts were
directed toward anestlgatxon of the ATS-1 cha.nnel characteristics,
development of bit error-analys’;s software, and investigations of an

i.mpro{red rriodem design for use on the ATS-1 chahnel,

» Me"a surements of bit- errofs per packet and packet throughput |
using both the ALOHA and the NASA modems at various data rates were
cohduc‘ted. Measurements indicated that the ALOHA modem had superior
packet throughput in comparison to the NASA - supplied equipment,
Ovberallb., the ALOHA modem hé.d a throughput of 80 to 90 percent of all
its :paékets Wifhout any error, ‘These measurements were taken with
the satellite opkerat'mg in the f\ill power mode. With the satellite in the
flbqw power mode (6 db less) the throughput was s’eriouslyyde{graded for

. . | both s,ystems'to the order of about 10 peréeht packet throughi:ut without

~errors. The above measurements were made on the basis of receiving

= - —— 7 i
The ALLOHA System is an experimental UHF radio, packet switched com-
puter con'ununlcatlons network in operatLon at the UnLverSLty of Hawau

~ since June 1971, :
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a signal level of about one microvolt at the receiver preamp with the

satellite in the full power mode,

The data modulation technique chosen by ARC for this experiment
was synchronous frequency shift keying (FSK) since it is the easiest
and least expensive to implement. Initial testing consisted of continuous
psuedorandom bit sequence transmissions from ARC to UH/ALOHA, and
vice-versa, using the ATS-1 VHF transponder., The University of
Alaska also cooperated in these tests, The recovered clock from the
bit synchronizer and the error output from the error detector were fed

to a ratio counter to provide direct reading of error rate,

Tests, using the present equipment configurations, with the ATS- 1
VHEF transponder in the full-power mode, and during the daylight hours,

indicated error rates' in the order of 1 x 10~ -3 at 10 KBPS. Measurements

of the power reeelved from the spacecraft Lndxcated an average C/N ratio
of 17 db for the 20 kHz bandwidth receiver, Since this was well above
the %threshol‘aﬂlervef of the receiver, the researchers concluded that the
errbrs were due primarily to impulse noise bursts and signal inter-

ference due to the density of man~made noise in an urban area, suchas

automobile ignition noise, and not to receiver front-end thermal noise, -

To combat the effects of noise in the channel and to improve the
channel reliability, ARC chose to use convolutional coding for £orward
error-correction on this channel. A LINKABIT Model LV7015 Convolu-
tional Encoder/Viterbi D_eeqder'unvit was sent used for this purpose by |

UH/ALOHA,. The channel performance was significantiy improved with

error rates in excess of 1 x 10 = very seldom being recorded. Considering
| : -3 .

that the channel was exhibiting an un-coded error rate of about 3 x 10
at the time the tests were made, the convolutlonal encoder/decoder
meroved the cha.nnel bit error rate by a factor greater than 300 on

the average, and probably more for peak errqr rates,




In DeCémber‘, 1972, a Packet Formatter/Synchronizer device was
received by UH /ALOHA 'frbm ARC, This device, designed and fabricated
at ARC for the burst communication experiment, provided the capability

to transmit and receive data packets over the ATS-1 VHF satellite link,

The burst communications experiment was implemented in two
phases., The first phé.se involved UH/ALOHA and ARC, UH/ALOHA
operated as remote terminal accessing the ARPANET through ARC, with
the interfice computé'r at ARC performing necessary error detection,
message formatting, and network protocol, similar to the functioning of
the Interface Message Processor (IMP) in the ARPANET, The ground
station at UH/ALOHA used an ALOHA Terminal Control Unit connected
~ to the ARC Formatter/Synchronizer Unit, The terminal used was a ‘
standai‘d Model 33 TTY, The ALOHA TCU performed the necessary packet
buffef'm-g and control functions and the unit used w‘as a standard unit
from the local ALOHA ground system, Tests were made at 20, 10, and
2 KBPS. Thfoughput'at 20 KBPS was very poor, of variable quality
at 10 KBPS, and usually good 2t 2 KBPS. However, even at 2 KBPS
one out of four packets frequeritly had errors, indicating the burs’t nature

of the noise.

Phase II consists of implement'mg a fully conneéted network between
ARC, UH/ALOHA, and University of Alaska, HoWéver, no data is available

;on the outcome of this test.

3.5 FACSIMILE TRANSMISSION

The geostationary satellite offers considerab‘le,potenﬁal fort

o t;ransm_it'tingfp‘ictures, ddcumen,ts and gra‘phics usiﬁgfacSirn’ile equ’iprvnent.
A ,r’mmber of ATS communications experiments investigated the quality

- of various facsimile tranSmlss"xons. Facsimile .equipmént was investigated
extéﬁsively as part of the Alaska, the PEA CESA T, and the Maritime
experiments, (Trhe’GE/’EXXON test results were disc’ussed in subsection

2,4, 3.,3). rTypicaVlOf these exper';ménts‘ was the work done by Alaska
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personnel, Facsimile equipment was also used for the transmission

of x-rays, finger prints, and ECG's.
3.5.1 Alaska

The objectives of the Alaska facsimile hardware experi-
ment (Reference 40) were to:
. Evalute the quality of the facsimile copies, as

relayed over ATS-1, in terms of their medical
usefulness,

® Compare several facsimile methods and options
and rate them in terms of their advantages and
disadvantages,

e Investigate the effects upon copy quality when
ATS-1 system parameters, such as uplink
power, are varied,

- o Determine and document practical ways of
interfacing the facsimile equipment with the
satellite radio system.
Three types of facsimile machines were tested over the
ATS-1 link: a Xerox 400 Telecopier, which works best for documents;
a Litcom Colorfax photocopier, which is designed for Polaroid photographs;

and a Scanatron M4-2 'copier which has two modes, optimized for either

' documents or for photographs (the ''photofax! mode has an increased

gray-sCale resoluti’on). ‘Facsimile tests were conducted during twelve

scheduled periods, for a total time over the satellite of 7.0 hours.

The Xerox 400 Telecopier is a document facsimile transceiver

- with a maximum scanning resolution of 92 lines per inch, Maximum copy

~size is 8-1/2 x 11 inches, Documents are attached to a rotating drum,

Scanning rates of four or six minutes méy be selected. The four-minute
scan'eXpands the line spacing and, hence, reduces the ver’ticral resolution
by two-thirds, Copy is reproduced electrostatically in a dry process on

special paper supplied by the manufac"curer, o




The Telecopier was installed at Stanford early in December
1971, and first checked out by exchanging copy with the University of
Hawaii which had been using similar equipment on the satellite circuit

between its Manoa and Hilo campuses,

On February 1>0, 1972, the University of Wisconsin transmitted
three runs to Stanford using the Xerox Telecopier Pattern for copy. All
runs were tape recorded:  the tape playbark copy initially suffered from
sync "tear' caused by varying speed of the Stanford tape recorder on play-

back., With the recorder properly synchronized, copy was excellent,

The last facsimile test between Stanford and Wisconsin was
made on February 24, Wisconsin transmitted copy at both six- and four-
minute rates and Stanford transmitted the IEEE test chart at the six-minute
rate, This copy was of excellent quality: seven steps on the gray scale

were discernable,

e Four transmissions of the IEEE test chart were made from
Stanford to College, Alaska on March 6, The first was made with the
ATS-1 satellite repeater in the halfkpower mode., This copy suffered ‘some‘
noise specking but was very legible with the ’satelllte at full power. The

second and third copies were good.,

A series of eleven docurnrents of medical significance Were
ti'ansmitted from Sfanf,ord to the Un'wefsity of Washlngton' on March 28, 29,
and 30, All documents were transmitted with the satellite VHF repeater in
the full power mode except the first half of one document Whichfwas sent

With the repeater at half p‘ower,4 evidenCed b'y noise specking.’

The last document sent by Stanford was the IEEE test chart

Whl.Ch was’ transmxtted to the spacecraft at four progresswely decreasmg

power levels, of 340, 170, 85, and 40 Watts, thus reducmg power m 3 db

steps. The recewed document had bands of noise for the lower three power

levels, The nOLse was. not vvell correlated thh power reductxon “some of

the copy sent at the 1owest level Was as clean as the full poWer sectlon. o
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The Japanese color picture facsimile equipment (made by
Matshushita, marketed by Litton Industries, comes as two separate units:
a transmitter and a receiver. Pictures must be of standard Polaroid
size (2-3/4'" x 3-7/8"), Black and white copies take a little over two
minutes; color copies, seven minutes, The equipment was loaned to

Stanford for the experiments,.

During April and May of 1970, a colorfax transmitter/
receiver pair was tested in an up/down loop through ATS-1 from Stanford.
Received color copies of a picture of a native child with a cleft palate
were excellent; they were virtually indistinguishable from the originals,
Because of the colorfax signal bandwidth, the transceiver bandwidth

was widened by using an audio preamplifier equalizer,

The Scanatron equipment is designed to operate in two modes:
"DATAFAX" and "PHOTOQOFAX", Inthe DATAFAX mode, the scanning
resolution is 100 lines per inch with a five-step gray scale and running
time of 4-1/2 minutes for eleven inches of copy. When switched to
PHOTOFAX, the scan slows down to give an improved gray scale
,re.‘solution of nine to ten steps taking nine minutes to scan an eleven-inch
document.' Copy is produced using electrolytic paper processed in
the machine, Linear resolution is about the same in bofh modes,

Separate transmitting and receiving units are used, making it poésible

'to transmit and receive simultaneously (duplex operation), This equxpment

was loaned to Stanford for use in these expeerents by the VlCtOl‘ Electro-

writer Corporatlon, which has recently acqulred the marketmg rxghts for

the Scanatron. : f

The Scanatron was tested in an up/down satelhte cxrcult
test at Stanford us ing the IEEE facsumlle test chart as the originating
document, A series of six transmlsstlons were made on January 25, 1972
thh full power from the ATS-1 satelhte, a4 kHz FM devxatlon, and
recewed (S+N) /N ratio of 29,5 db, Cople.sfwere good. Further ‘t_est-__

‘ trahsm"ission's were made on January‘_'27“é.nd»31’; ' (S+N) /N ratio was
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excellent (33 and 32.5 db, respectively), There were some phasing
problems with the instrumentation, but document quality was excellent,
Afterwards, a hardwire test was run in both DATAFAX and PHOTOFAX

mode to confirm running times and to calibrate copy quality,
The experiments concluded the following,

e . Facsimile transmissions made over the ATS-1
VHF repeater were of equal quality to wire
circuits,

e Degraded signal-to-noise conditions specking
of the copy. Such conditions were observed when
the repeater was operating at half power, which
reduced the received power by 5 db, and when
local interference at the receiver became of
significance,

) Reduced power at the transmitting stations had
little effect on copy quality so long as reasonable
saturation of the spacecraft repeater receiver
was maintained,

e Color facsimile transmission of photographs was
highly successful, :

3.5.2 X-ray Transmission

e This first transmission via a space vehicle of fluoroscopic
,ihformati‘on took place on November 15, 1971 and lasted approximately 60
mmutes (Reference 298). Signals were sent over a closed loop approximately
50, 000 mlles long, extendmg from the NASA Tracking and Data Acquisition
Center at Rosman, North Carolina, (= 83 W, = 35 N) to the synchronous
- satellite ATS-1 stationed above the Pacific Ocean, and back.

= Because there were no radiologic facilities at the ground
statioxyi,"' the tfansmitted fluoroscopic informati.en was yderi?\rred‘ from video-
tape recordlngs previously made at Duke Hospltal and then transported
) to Rosman, The tapes were made with a conventxonal 1mage- 1ntens1f1catxon
system using 525-line Vldl.Con cameras and commercxally avaxla.ble one~

inch reeerders. The recorded signals were used to frequency-modulate a
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6.2 GHz carrier radiated by a 1-kW transmitter working into the

Rosman antenna.

"The "'up" fluoroscopic picture was watched during transmission
on a video monitor at Rosman; the "down' picture, which lagged the
other image by approximately one-third of a second, was displayed on an
adjacent monitor and simultaneously taped. A kine was later made from
this tape for demonstration purposes. The ''up' and '""down'' monitors
gave indistinguishable pictures in all cases, demonstrating conclusively
that the information capacity of the satellite link is more than adequate

for fluoroscopic transmissions at normal frame rates.

Static images obtained by viewing back-lighted standard
radiographs with a comimercial vidicon camera were also transmitted,
The images in this case were unsatisfactory for diagnostic purposes. This
was due to the poor quality of the vidicon images fed to the transmitter |
rather than to inadequacies in the transmission link, With a sensor such
as a transmitted-light facsimile scanner or a high- resolution camera of
the type used for cloud~cover studies in the ATS satellite series,
'sa;t‘Ls‘factory radiographic transmission is clearly possible; further, with
the information capacity available, the transmission time per image would

be short,

The researchers!' experiments concluded that an earth-

satellite system can transmit radiologic information of diagnostic quality

on a real time basis using existing technology.

In 1972, methods of transmitting x-rays us ing srnall,
'méxpensi'vé groim‘d‘ te’rminailbsvv ’we‘ré investigated by PEACESAT person‘nébl
under a contract W'L__t'h‘L'iste.r Hill Center. Transmission of x-rays was

one facet of an experiment'to aﬁtempt to increa s"e the Capability of the

- PEACESAT system to transmitkmedlc'al data, collected at remote 1’Qcatlons, ’

to urban medical centers for diagnosis. -




Lanranias he v sen f ’ f - ;

Based on the advice of medical personnel with experience in
the Pacific area (Reference 66), two types of data were determined to be
most useful; namely the x-ray and the ECG., If x-rays and ECG's prepared
at remote locations can be transmitted by lesser trained personnel to
medical centers for expert appraisal, it would improve the delivery of

health care in remote areas,

Theﬂ reverse or negative characteristics of the x- i'ay film
was identified as a major problem in transmission via facsimile since the
telecopier is limited to transmitting positive prints, To meet this
problem, a Polaroid photograph of the x-ray film was used. An x-ray
was attached to a viewing box, which allowed light to penetrate the transparency,
and the image was reproduced using an MP3 Polaroid Carnera, producing
a 3" x 5'" positive print, Satellite transmission of a Polaroid print provided
by the Clinic was initiated 22 September 1972, The resulting facsimile
. was very poor ’a‘.nd inadequate for diagnostic use., An example of the facsimile

received at Wellington is shown in Figure 3. 4,

A second method tested involved the use of wire photoequipment,
 similar to that used by the Associated Press, with the capacity for sending
half-tone dot screened glossy prints. T§vo prints were made of‘a‘ skull
x-ray, One print was produced using a 60-dot screen (the standard for
newspaper prints); the other was made Wlth a 100-dot screen, Both copies
were judged to be of insufficient quality for dLagnOSLS, although the 100-dot
screen produced a more detalled Lmage. Plans for édditional .te‘sting were

dropped due to the expense and technical comphca.txons mv"olved

’ 'j In March 1973, a m‘eke't’mg of PEACESAT personn'el was called
to discuss further action. It was agreed that it would be n,eces'séry‘ to limit
technical prepa ration and transmission of radiograph information éccording ‘
to sévefal'factors éxiv’sfent i’ reinote a fea ks (1) lack of adequately trained ‘

: }personnel would hmlt the use of sophlstlcated printing techniques; (2) lack

of resources would limit any maJor investments in equipment and personnel




HAWALI

HOMOLULY

Figure 3, 4,

Facsimile copy of skull X-ray transmitted via the
PEACESAT satellite commuaications system from the
University of Hawaii, Honolulu, Hawaii to Wellington,

New Zealand, 13 October 1972,
Note: Some definition lost during reproduction process,
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and (3) availability of equipment would determine the feasibility of providing
a functional service. Tests were designed to determine the minimum

[ :
technical conditions necessary for reliable transmissions meeting specified

performance criterion,

A third approach was initiated in 1973 to test the effectiveness
of positive photograph transmissions. In prepevratlon for the transmission
tests, a series of photographic s_rtepsr:were underteken. A test pattern was
established using an x-ray of an aluminum t'en-istep Wedge, the st’an’da.ird tool

of radlology technLCLans, thch represents a constant cha.nge of densxty

resolution at an increase of one-eighth of an inch per step. . A number

of le.rns were made usmg different power levels while holding the exposure

the and current level constant (kv = 40, 60, 70, 80, 90; exposure = 1/30 sec;

‘current = 200 mA), The {final film selected‘as a test pattern was made

with the following specifications: 80 kv, 200 mA, at 1/30 sec. The contrast
among- the" ten steps can be enhanced by increasing the;»po‘wer' and current
level or lre‘ducing the exposure time; however, the technical capacity

to manipulate these variables to any significent degree is not oft’en available

in remote areas.

Applying standard photographic techniques, a positive print
was produced from the x-ray film, The photographer?wes requested to
duplicate the information as accurately as possible Wifh minimum photography
equipr‘?nent.i A 35 mm Nikon camera with Kodak Tri-X Pan film was ‘
used, vé:rying the exposure titne at a constant speed, to i:reduce a series :

of negatives, Usmg a Besseler Enlarger at 40 seconds exposure time, f/5 6,

_the contact prmt that most nearly matohed the ongmal x-ray image was.

enlarged to an 8" x 10" glossy print on medlum-gramed paper. This print

was used to test the density capacity of the telecopier and the resolutLon

capabilities of satellite facsimile transmission.

To explore the conditions necessary for optimal density

resolution, a series of telecopy pretests were pérformed in theer;fox~
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Laboratory in mid-April 1973. This experience provided the specifications
necessary for adjustment of the machine to produce maximum resolution,
Minimal differences were found using the three models of Xerox telecopiers
available on the market, In addition, speed and stylus current variability
were explored, It was recommended that: (1) the present TC 400 Telecopier
used by PEACESAT is adequate; (2) speed variability does not affect

density resolution; however, reduced speed ( six minutes) does produce
more detail; and (3) adjustment of the stylus current from 32 mA to

26 mA does produce slightly better copy.

Following completion of lab tests at Xerox, the telecopier

was adjusted accordingly at the PEACESAT Remote Terminal in George Hall
| and a compatible unit installed in the Physical Science Building, both on the
University of Hawail, Manoa Campus, Facsifiles of the test print were
exchanged 01 May 1973 between these two points, first using the telephone
line alone, then coupling the telecopier to the satellite at a speed of six
minutes per copy. Result: all copies were comparable in density resolution
and detail, at about 30 percent readability, which is similar to results in the
lab, However, the satellite transmission from the Physical Science
Building to George Hall displayed background noise not apparent on the |

‘other copies. The cause was not determined,

A ’review of these experiences indicated several possible areas
for further investigation: (1) image enhancement to produce maximum
contrast in the _orig'mél maferial; {2) Xerox technical devkelo.pments to
idéhtify critical'sensitivlty elements in the tel,ecopl'er.machkine; (3) investi-

- gation of field 'Lnterf.e‘renvce to minimize ‘signal to noise ratio yexperienced
‘in satell’ité facsimile transmission; and (4) eliminatiohbf built-in

deficiencies in satellite receiver,

3. 5.3 Fingerprint Transmissions

In December 1972, Project SEARCH of the California Crime

 Technological Research Foundation (Reference 280) conducted a feasibility
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demonstration of transmissions of fingerprint data via satellite link, A
total of 200 fingerprint cards were tranumitted from Los Angeles and

Sacramento, California to 'Ia;llahassee; Florida, over a two-week period,

In the course of the experiment, the followin‘g parameters of

the facsimile équi.pfnent were varied,

o V:ertica.‘l and Horizontal Resolution
. Gray Scale ' ’
® Scan Speed

_ The original fingerprint card was scanned at the Los Angeles
County Sheriff's Department in downtown Los Angeles. The scanner was
capable of ‘vary'mg the resolutlon and transmission speed, The signal was
then processed by the DACOM processing equipment which permitted the
digitization of the signal, the variation of the g'ray scale and the use o’f data
compression techniques. The signal then went through a straight 9600 bit
per second digital modem before being transmitted over a 25-mile long C-2

conditioned land line to the satellite earth station 1ocatedat the Los Angeles

_International Airport, The sxgnal was then transmitted to the satellite and

recexved at the Sacramento earth station,

The signal output from the modem went two different ways,

The fxrst was to the dLthal tape recorder where the signal was recorded

and stored for total recall and later retransmlssmn to Florida. The
second path was to the single proces sw equipment and the facsnnLle
recorder, T_he output was a photofacsimile copy of the original finger-

print card,

From Sacramento, fin'gerpr'mt data waz transmitted to Florida

from one of two sources, The first was the Store and Forward Tape Recorder.

The second was from a facsmnle scanner located at Sacramento, Data from

the tape recorder was: processed through a transmlttmg 9600 bit per second

: 'data modem before it went to the earth statLon outside the building for

:relay to the satelhte. A similar route was also used by the fa.csm:nle scanner,




At Florida the signal wa.‘s ‘iv‘eceived by the NASA Earth
Station complex. From the satellite termiﬁal the signal went via
cqaxial cable to a nearby van containing the receiving facsimile signal
proéessing equipment and the facsimile receiver. Florida acknowledged
the receipt of the fingerprint data by using a teletype machine linked via

satellite with Sacramento,

In addition to facsimile ﬁn’ée:épfint data, c'r’im'mai hist@r_;r
information and fingerprint cards were also transmitted via ':.th'e Ampex
videofile system between Sac,raméﬁtof over satellite to ji‘lc?r{da.' The
experiment configuration wja sr des ignéd to simulate ai potehi:ié.l system
concept for a national Satellite Communicatic;)h: fingerprint facsimile
system. That is, Los Angeles represents a major city local agency;

Sacramento represents a state or regional bureau while Florida simulated

" the role of a national bureau,

Based on a detailed statistical analysis of data, the authors

reached the following conclusions.,

1. A satellite-based fingerprint transmission system
using facsimile equipment to transmit and receive
fingerprint images is clearly a technically feasible
system, and 'suchAa system could also accommodété., '
video transmiséidns, digital data, and voice

transmissions,

2. A number of findings were obtained with respect

to the 6perating parameters of a facsimile system.

e 'The level of gray scale appears to have
little or no effect on the classification of
fingerprints. That is, black and white
capability appears to produce reliable
results equivalent to a full analog (photo-
graphic) image transmissions for print ‘
classification and identification purposes.




e The resolution of the input facsimile equip-
ment has a minor effect on system per-
formance within the 150 lines per inch to
300 lines per inch resolution tested in this
experiment, A resolution of 150 lines per
‘inch appears to be adequate for classification
and identification functions,

° The minimum acceptable communication
system signal-to-noise quality ratio was
found to be 30 db for useful transmission
of digital facsimile, and 19 db for analog
images,

3. A store and foreward capability, using digital

techniques, does not appreciably reduce the trans-

~ mitted image cloalbity and could be developed for

use by identification bureaus,

3.5.4 WEFAX Transmission

During 1967, NASA-GSFC conducted experiments on the
feasibility of transmitting weather facsimile (WEFAX) data directly from
a central processing facility to Widevly scattered remote weather stations

via ATS satellite,

The material chosen for the experiment consisted of ATS-1
Spin Scan Cloud Cover photographs selected from those processed and |
sent to the National Environmental Satellite Center (NESC), The p).cture
data was-transmitted through ATS-1 using the VHF repeater from the
,statlons. 'I‘he satelhte signal format consisted of a 135, 6 MHz carrier
frequency modulated by a subcarrier of 2400 Hz. This subcarner was,
in turn, amphtude modulated by the facs1m11e “vxdeo" sxgnal of 0 to 1600 Hz
yleldmg a baseband spectrum between 800 and 4000 Hz., ‘

Durmg the year of experlmentatlon, reports were received
from 12 to 27 dlfferent APT stations. Often as many as 4000 reports were ;

‘rec‘erwed ea.ch month, The cumulatwe results of thi.so}ie,ar.of reports
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showed that more than 90 percent of the pictures received were usable
and more than 70 pefcent of these usable pictures were good to excellent,
Less than 10 percent of the pictures were unusable. Analysis of the
reports indicated that much of the usable reception was caused by local
problems, Data from stations at the periphery of the radio coverage area
of the satellite showed that APT stations could even receive weather data
with a receiving antenna elevation angle as low as three degrees with a

90 percent assurance of usable data,

APT ground station equipment, which was normally used
to receive pictures from NIMBUS end ESSA satellites; was modified
to receive the WEFAX trahsmlss‘lons from the ATS satellite. In some
cases, the required modification was only the addition of a suité,ble crystal
for the ATS frequency, At some locations, where a radio frequehcy band-
pass filter was used, it was necessary to change or'modif‘y the filter system,
At the end of the experimental period, the WEFAX systém was turned over
'to NOAA by NASA to be used for 16 hours per day é.s an operational WEFAX
system. A survey showed that at the end of 1972 WEFAX data was being
received in 100 different countries by more than 550 APT ‘stations.' This
system was used to transmit WEFAX signals through ATS-1 and ATS-3
for an extended period until an operatlonal Synchronous Meteorologx.cal

Satelhte (SMS) was launched, -

3.6 ELECTROCARDIOGRAM (ECG) TRANSMISSION

Patients with arrhythmias (speed disorders or irregular rhythm
of the heart beat), and patients WhO ha;ve p'foblems with implanted pece- ‘
rhakers (a‘r‘tijﬁeiall heartbeat st‘if‘nulator’s)‘ oﬂ:eh requir-e the i_mmedi'ate |
attention of aﬁ ,egp‘ér,t, who can monitor and i.nterpref: the ECG and give
'advice.’ The teiecorhmunications satelllte offers a kmeans ot monitoringv
»y pacemaker patlents in isolated, rural Villages without the neceSSLty of

the patient travehng long dlstances at great personal expense, Undoubtedly, B

¥ such service can save hves. For tth reason, both Alaska and PEACESAT

personnel expernnented with the transmxssxon of ECG data. :
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Four major ECG tests were conducted as part of the Alaska
Biomedical Experiment with Lister Hill Center (Reference 40). Three

of the four used t-‘hes“Ai'I'S-l link and are reported on in this section,

On September 24, 1970, an initial ECG transmission was
tested over the ATS-1 link from Wxsconsm to Stanford The electro-
cardtographs used were Marquette Electronics, Incorporated units,
‘cost;ng; over $3,000 each, These units produce and receive three channels
of nlfult‘jiplyex.ed» tones a‘hd require full telephone-channel bandwidth., An
audio preempliﬁer was used to extend the bandwidth of the transceiver
for this purpose, Results were somewhat noisy, but were pronounced

| acceptable by medical persohnel.

While a patient is being monitored, access to the communica-
tions s‘atel,lite"'fnay not be available or there may be no cardiologist on duty
o at the other end. Situations such as this pose no prOb‘lem if the ECG signals
' are tape recordecéi, either at the transmitting or receiving location, for

| LE later playback.,

For the test, a 23~ year- old ma’.le patient was connected to the ;

, - electxocardlograph by an uns kLlled person. The original data was traced by '
- the paper chart recorder, while also being relayed through the satellite,

| received at the same site and recorded on the tape recorder, The recorded
- .s"ignal was then transmitted back through'the' satellite, recei‘ved, and traced

- byv the paper chart recorder for comparison with the original.
The following equipment was used.
~ Hewlett-Packard 1500A Electrocardlograph © $850.00

including 12 ECG leads and a single
o channel strip chart recorder :

| Johnnie Walker PW-9B FM modulator ~95.00
("transmitter' or "signal conditioner!')
| ~ Johnnie Walker PW-11B FM c‘iemodulator ' - 350,00
~ (receiver) : , o ,
Audio preamplifier — S A 100,00 (aprox.)
"ﬂ S Ampex~FR71100 tape recorder ’ | - 10,000. (approx.) S
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Thé FM modulator and demodulator aré required to translate the ECG
baseband gpeétrum upwards so that it falls within the passband of the
telephone clir’c;uit. The FM subcarrier is at 1300 Hz. Both units are |
battery powered, W"Lthqiut these units, low frequencies would hot pa’ssk
through. The teleélulo:nre‘ circuit passband was modified, however, to achieve
a flatter response between 300 Hz and 3300 Hz, The large seven foot track
one-half inch FM tape recorder unit was already available at the station.

It is not recommended for bush service because of its higher cost and bulk,

Test results were evaluated by personnel of the Stanford Medical
School as being very acceptable for clinical purposes, No distortion

was evident,

A low-price tape recorder, the Panasonic RQ-2035 ($50,00) was
used to record a short ECG tape, This tape, as relayed by ATS-1,
introduced undesirable distortion in the form of ""artifact" humps in the

resulting chart recorder tracings, These artifacts were caused by

excessive flutter (+ .6 percent peak): the recorder does not use a

synchronous motor,

The twelve leads employed by most electrocardiographs are
redundant, >Tl;1eo'retica11y, signals from three leads should suffice to
reconstruct all x, y, and z dimensions of heart activity, There do seem
to be some problems with inconsistent results with the three lead techniqtie.

but adequate health aide training should solve this problem,

A low=-cost ($220,00) three-klead, shielded ""Paramedic Cardiac
Screener'!', manufactured 'm Vancouver, British Columbia, by Paramedic

Instrumentation Limited, was evaluated by the University of Washington

" in a number of tests, lncludihg field trials in sevefal Alaskan bush locations.,

' To use the device the patient puts a c‘:ywl'ylndrical electrode in each

armpit and a flat metal ground in the mouth, The electrodes then pick

e up the ECG signal which is amplified by the screener. The amplified
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signal" then frequency modulates a 1.5 kHz subcarrier which is sent by
telephone or radio to the receiving station which consists of a telephone
(automatxcally or manually answered) and a tape recorder., The signal
which is stored on the magnetic tape, is then played through a decoder
(demodulator) which presents the signal (lead one) to an ECG machine in
electrical analog fornf;.» The ECG machine then prints out lead one in
standard form which is diagnostic according to AMA standards for
screening, and will adequately demonstrate arrhythmias and pacemaker

artifacts,

All three ECG experiments using the ATS-1 link generated traces
that were of diagnostic quality., Although each experiment, conducted by
the University of Washington, eclipsed those of the ethers, since it
successfully used the least expensive equipment, on location, in the bush,

i.ri both live and recorded codes,

Beginni.ng in September 1972, ‘trahsmi.ssi.ons of electrocardiegram
tracings using the PEACESAT system were undertaken over a period of
three months to verify ’the tecbnical feasibility of providing the servlce ofk
a cardiologist to remote areas in the Pacific Basin that lack the resources

to maintain such a specialist,

Electrocardxogram tra.cmgs, recorded on heat-sensitive paper strips,
were obtained from Straub Clinic in Honclulu for test materxal The strips

represent graphlc recordings of physiologic changes associated with the

/ functioning of the hearf. - Using the Xerox TC 400 telecopier machine,

they were successfully transmitted to the Wellington Terminal (New Zealand),

where the copy was judged by the terminal manager to be readable.

Another test was initiated to explore the technical requirexryllents“and
feaSLbLhtv of transmxttmg ECG sxgnals by sa.telhte. This test cons’Lsted of
two deferent transmlssxons. A prehmmary transmxssmn to insure that the
technlcal requlrements for transmxttmg ECG SLgnals were compatxble WLLh

a..val vie satelhte transcewmg equmeent was made under the dLrectlon of
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the Medical Electronics Department, Wellington Hospital, Cambridge
Electrocardiogram Telemetry System served as interface to recorded
audio signals which represent biomedical data signals, This machine is

a fr‘equency modul‘ated sub-carrier unit which is hooked up to an
electrocardiograph, It is designed to either send or receive ECG signals
by any voice communication system, The recorded audio signals,
originating at the Manoa Terminal, were ’transrnitted by satellite to
Wellington where the tones were demodulated by the Cambridge data set
and were graphically reproduced on electrocardiogram strips. Observers

at the Wellington Terminal judged the material to be readable,

The final transmission was made under real-time conditions using a
live patient at Kahuku Hospital, located about 45 miles from the Man:oz_a.

Terminal, Kahuku technicians hooked a patient to the EKG machine and

‘transmitted one full 12 lead ECG for one minute. The signal, an FM tone

sub~-carrier, was sent over common carrier lines to the Manoa PEACESAT
station. This received signal wa s coupled using the Universal Hybrid

Coupler unit and transmitted to Wellington over the ATS-1 satellite, At

the Wellington terminal these signals were tape recorded and put onto

a de-modulator, then onto an ECG recorder for print out. The EKG tape
from Kahuku was manled to Wellington for compa.rlson thh the transmitted
signal print out The resultmg tracings were reviewed by a cardiologist
who judged them to be of sufficient quality for diagnos,is. Copies of

these transmissions are shown in Figure 3. 5.

3,7 VHF AND UHF PROPAGATION EXPERIMENTS

The reliability" of eliectromagnetic signals in-a Spéce system is
dependent upon the characterlstxcs of the earth's atmosphere. - Two
eregulal ities that effect sxgnal propagatLon are 1onOSpher1c scthllatLon

and multxpath fading. These phenomena are especxally notheable when

usmg VHE and UHF bands
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Figure 3.5. First test of electrocardiograph signal transmissions via
F» the PEACESAT satellite communications system Wellington

Polytechnic, Wellington, New Zealand; University of Hawaii,
Honolulu, Hawaii; University of the South Pacific, Suva, Fiji.
Medical Electronics Department, Wellington Hospital,
13 October 1972 (Signal quality can be substantially improved
by technical adjustments,)
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3.7.1 Ionospheric Scintillation

The first experiment to report comprehensively on ionospheric
scintillation was conducted by the Naval Research Laboratory (NRL)(Reference
46) using ATS-1 signals, During the spring and summer of 1967, transmissions
from ATS~-1 were monitored at Randle Cliff, Maryland (about 39, SON). The
data taken in this experiment exhibited a 50 percent probability of scintillation
depth of 10 db (daytime) and 14db (nighttime). However, since the
elevation angle to the ATS-1 satellite was approximately 50, there was
speculation that both tropospheric scintillation and multipath fading might

have had a tendency to ""mask out' the ionospheric scintillation,

Signals from ATS-3 were observed at Habrni,lton, Massachusetts
(42°N) from the fall of 1967 to the spring of 1968 by the Air Force Cambridge
Research Laboratories (AFCRL) Reference 48), The data taken during
these observations indicated that fading greater than 3 db was confined
almost exclusively to the night hours and that a scintillation index of
20 percent was exceeded about 10 percent of that time. It was concluded
- that fading that could cause concern on a communications cha_nnel.was

infrequent,

» During the period of October 1968 to May 1969, AFCRL monitored
ATS-3 signals at Thule, Greenland (76. 6°N, 69°W) to obtain auroral

sciniillation measurement. ATS-3 was observed at an elevation angle of
about 4°, The results of these observations indicated that fades of 10 db
or more are normal daily occurrences at this high latitude. In additio/n to

the Thule station, measurements of the ATS-3 VHF transmissions were

made at Narssarssuag, Greenland; Rude Skov, Denmark, and Saga.more' -
Hill, Hamiltén,’ Mayssachus"ett‘s. These tests were designed for scientific
invéstigation of thé scintillation characteristics, rath’er than for-evaluation |
of commun';.carti‘on‘s systems performénce. HoweVéi', the ki.ntxen,sity‘ and time
duration of the scintillations suggested- that the ‘iohospheric scmtillatioix_ .
phénoméria_w,ﬁ"\ild be more damaging to comzynun‘icatio_hsy in thé a\irora.l and

' polar régions _thén in the mid-latitude regions.
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. More recent auroral scintillation tests were conducted between
July 1971 and Apr11‘1972 at Churchill, Manitoba (geomagnetic latitude 690)
by the Canadian Department of Communications (Reference 50), During
thesé tests, 1550 MHz signals from ATS-5 were monitored simultaneously
w'lthy25v4 MHz signals from LES-6, The 254 MHz signals exhibited
relatively deep fading margins up to 12 db or more as opposed to the

1550 MHz fading fharg’m of less than 1 db,

The effects of scintillation in the equatorial zone was
investigated in an experiment conducted at Ancon, Peru(geographical
latitude 11046'5) between March 11 and April 9, 1971 encompassing the
vernal equinox period (Reference 52), Signals at 1550 MHz and 136 MHz
were monitored simultaneously in an attempt to obtain information on the
frequency dependence of equatorial scintillation., The data taken during
this pe‘r'Lo,d exhibited a distinct diurnal trend with the VHF scintillation
sometimes exceeding 30 db and the L-band peak-to-peak magnitudes
reaching 6 dlz. A cumulat’ive distribution of L-band data taken previously
(fall equinox 1970) at the same location indicated that the probability of
2db fades would be about 0,1 percent while similar data at 136 MHz
indicated about 11.5 db for 0.1 percent.

3.7.2 Multipath Fading

Multipath fading is 2 problem encountered in transmitting and
receiving between mobile stations and satellites.  Because the station is |
moving, two transmission paths are possible: a direct path and a reflected
one. The multipath fading problem is considered more severe for air-
planes than ships because of the higher speed. Because of the complexity
of the problem, two experiments were devised and conducted to investigafe
the characteristics of multipafth fading employing an aircraft as a test

vehicle.

The first experiment was conducted on a Douglas DC-8 and a

Boeing 707 aircraft in 1967 (Reference 53), A series of tests were performed




with the VHF repeaters on the ATS-1 and ATS-3 satellites employing a
30 kHz test spectrum designed to permit evaluation of the correlation

bandwidth of the medium.

» One of the results of the tests was a three-dimensional fading
model with amplitude, tiine, and frequency as coordinates, The model
demonstrated a selective fading pattern with a period of approximately
five seconds and a slight time skew over a + 12 kHz band., The conclusione
drawn from these tests suggested that multipath fading could be expected
to cause shortvtermk variations of up to 13 db at the lower elevationangles

from 0° to 3‘00.

In 1970, the FAA (Reference 54) begana serles of tests) ’to |
investigate L-band multipath fading. A KC-135 was instrumented with an
L-band eystem,lncluding a quad-helix antenna_, a crossed dipole array
and poxﬁ and starboard slot dipole antennas. 'The_ eiglll: element crossed
dipole erray was installed to permit reception of the sea-reflected signals

with some degree of discrimination against the direct signals.

_An initial series of tests were conducted in 1971 directed
prlme ril’y' toward evaluating the effect of multipath on the accuracy ofv
“.ranging beﬁ#een the satellite and aircraft, 'The'results of these tests
suggested that vertically polarized signals were less affected by multlpath
than horlzontally polarlzed sxgnals and also that greater interference is

obrained as the evaluation angle increases.

3.8 MILLIMETERWAVE EXPERIMENTS
The recent hlstory of radlo communication has been characterlzed by
a contmual extension to thher and hlgher frequency bands to support the
increasing data handlmg requirements of a.n expanding technology. The
1crequency bands between 10 and 300 GHZ, commonly called "millimeter

Waves", offer a promlsmg area of reducing the overcrowded SLtuatlon ln the

lower bands. In addition to relieving ‘spectrumcrowdmg, mllllmeter wave
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systems offer extremely wide bandwidth capabilities, high gain-small

aperture antenna characteristics, and reduced size and weight of components.

A Milliméeter Wave Propagation Experiment was launched aboard the
A_pplgicéfions T echnology Satellite (ATS-5) on August 12, 1969, The prime
objective of this experiment was to provide sufficient information on the
propagation characteristics of the earth's atmosphere so that this relatively
unexplored and unused portion of the electromagnetic spectrurn can be most

effectively utilized for communications and data handling applications.

The ATS-5 Millimeter Wave Experiment has been pros';riding amplitude
and pnase measurements on two 'mdeperient test links at 15,3 GHz (satellite-
to- earth) and at 31,65 GHz (earth-to-satellite) during measured and
defined meteorologtcal conditions, Several stations in the continental
U.S. and Canada have been operating with the satelhte transmission since

October 1969,

NASA operationally supports a number of stations which provide a
representative sample of the predominate weather pr'ofl‘les in the continental
U.S. These stations are as follows.

The NASA /GSFC Transportable Station located at Rosman,
North Carol'ma (rece'we and transmit capability),

The Naval Electronlcs Laboratory Center (NFLC), La Posta,
; Cahfornxa (receive capability).

The Ohxo State Unwersxty_.(OSU), Columbus, Ohio (two receive
sites on variable base line for spatial diversity tests). -

UnLverstty of Texas (U of T), Austin, Texas (receive
‘capability).
~ In addition, a number of independent experimenters are participa ting
in downlink measurements with the ATS-5 satellite, Table 3.3 lists all of
the stations presentiy equipped to ”Qpefate, with the ATS-5 Millimeter Wave

Experiment, in order of increasing elevation angle,
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TABLE 3.4

ATS-5 MILLIMETER WAVE EXPERIMENT PARTICIPATING STATIONS

STATION L(QT(I)TRLTJ[:S LO?JWCéISTTl)JDE ET&,NA'T'\I‘S; AN]:;JENA RE%E!P\EER
, , ANGLE
AIR FORCE CAMBRIDGE RESEARCH LABS, BEDFORD, MASS. 42923 71°15" 30° 28 FT. MCW
DEPT. OF TRANSPORTATION, CAMBRIDGE, MASS. 42936 71029 30° 10FT.(2)] SB
COMMUNICATIONS RESEARCH | | PRIME SITE 4591 75954 30° 30 FT. SB
CENTRE, OTTAWA, CANADA | SECOND SITE 8 FT. MCW
ROME AIR DEV. CENTER, ROME, N.Y. 43°08' 75°37" 32° 15 FT. sB
BELL TELEPHONE LABORATORIES, HOLMDEL, N.J. 40°23" 74°11" 34° 20 FT. Cw
U.S.A.S.C.A., LAKEHURST, N.J. 40°00" 74°25" 34° 30 FT. MSB
COMMUNICATIONS SATELLITE CORP., CLARKSBURG, MD 390 2 77% 6" 340 15 FT. B
GODDARD SPACE FLIGHT RECEIVE SITE 39921 26948 36° 15 FT. MCw
CENTER, GREENBELT, MD. . | TRANSMIT SITE* 10 FT. -
NAVAL RESEARCH LABORATORIES, WALDORF, MD 360 60 FT. MCW
HIO STATE UNIVER FIXED SITE : 30 FT. MSBA
‘ O.éox_SUMTBulsJ,r\ovHElélTY' MOBILE SITE 40700" 830-02' 37 15 fT. MSB A
GODDARD TRANSPORTABLE STATION, ROSMAN, N.C.* - 3512 82°53" 42° 15 FT. MSBaA
ESSA WAVE PROP. LAB., BOULDER, COLO, 40°00" 105°16* 44° 10 FT. MCW
WESTINGHOUSE GEORESEARCH, BOULDER, COLO. 40°00" 10509 44° 12 ET. MCW
MARTIN MARIETTA CORP., ORLANDO, FLA. 28°24" 81926 48° 12 FT. MSB
NAVAL ELECTRONICS LABORATORY CENTER, SAN DIEGO, CAL. | 32°40" 116%2¢" 50° 60 FT. MSBA
‘| UNIVERSITY OF TEXAS, AUSTIN, TEX. 30923 97943 54° 10 FT.(2)] MSBa
- * -TRANSMIT STATION |
A-NASA/GSFC PARTICIPATING STATION
- MSB -MARTIN SIDEBAND RECEIVER
~ MCW=-MARTIN CW ONLY RECEIVER
. SB -SIDEBAND RECEIVER
CW - CW ONLY RECEIVER




Millimeter waves are attenuated by absorption and scattering as the
waves pass through the atmosphere, The following fade duration data was
obtained at Rosman,

No. of Occurrences

Fade Level Less than 10 Sec, Between 10 and 100 Sec, Greater than 100 Sec,

> 6 db 912 54 3
> 9 db 857 49 2
>15 db 134 11 2

The highexr number of fades of less than ten seconds duration reflected
in large part the sffects of system noise, since most of these fades were in
the region of two "o five vseconds'. The fades of duration ten seconds or

greater were cauzed predominantly by atmospheric attenuation,

The effects of rain rate on attenuation was also investigated at Rosman,
: Whilve good correlation of attenuation with rain gauge measureménts has been
demonstrated for terrestrial millimeter wave links,’ thé extension to eai'th-
satellite links could not be demonstrated (Reference 238), The poor |
correlation was probably due to one or a combination of the following:

a potential offset in thé daté; the effect of wind, air turbulence, and foilage
interference on the rainfall measurements; a 'monstandard" drop size
distribution in the signal path; and finally, the limited dynamic range of

- the receiving system at the higher rainfall rates.,

The use of path diversity to reduce the percentagbe of time a given
~amount of path attenuation is exceeded 'L"S reasonablek’bec’au‘se the procipitation
characteristics of the two paths at a given time may differ considerably,
During the 1970 time period, OSU conducted a diversity experiment at a v

8 ‘sp’aoing of 4,03 Km, Fromthe data collected, it was shown that path |
dLvers Lty would substantially reduce the outage tlme of a system for hxgh

: attenuatlon levels. However, the amount of divers ity merovement mtght
dlffer with dlfferent locatLons for the same site separation since cell size |

and cell movement may defer.




From the preliminary data available as a result of the ATS experi-
ments, considerably more is known now than previously regarding
millimeter wave propagation between the ground and satellites. More data
will be required from future experimental programs before operational
systems are built and installed, However, these eérly results indicate
that if space diversity with ground station separations of a few miles are
used, the use of these frequencies is fully practical for satellite communications,
at least in temperate climates. In many cases, it may be practical

without this diversity.
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APPENDIX A
KEYWORD - ACCESSION NUMBER LISTING

The material presented in the body of this report was compiled from
over 300 reports each of which has been assigned an accession number. The
reference numbers in the text correspond to these accession numbers, A
source of much of the technical information was an ﬁnpublished report
entitled ""Applications Technology Satellite Series', prepared by Westinghouse
for NASA-GSFC (Reference 137). In some instances the information in the

=
Westinghouse report was transcribed directly,

In addition to the summary of uéer eXperiments, UDRI has . generated
an ATS information system. Pertinent information such as author, subjecft
category, abstraét, and keywofds were transcribed to IBM cards and various
l;xst'mgs‘mad'e from these cards. This 'appéndix is a listing of keywords

identified by accession number,




AGRICULTURE
66 67,
ATR TRAFFIC COYTROL
1955  40%, 438, 444, 458,
ATR=-GROUND COMMUNICATIONS
L74» 4005 462» 4645 473,
ATRCRAFT
b4y 10, 20, 21, 23,
308, 438, 4635 490, 493,
ATRCRAFT COMMUNICATIONS
174, 176,
ALASKA o
11» 30, 34, 40, 46>
123, 1245, 1255 126, 127
147, 148, 149, 153, 154,
168, 169, 181, 182, 183,
245, 245, 2465 252, 270s
290,
ALOHA s
50 51, 179, 227,
AMCHITKE -
26
AMERICAM BRNOADCASTING COMPANY
155 :
AMERICAN FIELD SERVICE
66 67»
ANTARCTIC
203
ANTENNA
13, 31, 38, 93, 110»

--ANVIL BNUNDARIES
305
APPLICATION TECHNDLQOGY SATELLITE
32, 44, 1ll4s 131, 132,
163, 164, 1685 . 222, 234»
419, - 423, 4265 427, 435,

4709
ATS-F
) 98, 169,
ATS=1
1, 3, 4, 55 10»

25, 26, 27, 28 30

655 T 4b, 492 52, - 53

b6, T EAY] 80, 83,

.96, 98, - '100» 102, 106»

127, 128, 1295 139, 131»

143, 145, 146> 1475 148,

162, 163, 1645 166, 167»

1815 182 183, 185, 186>

202, 203,205, 2065, 207»

217, 2185 219, 220, 221,

2625 243, 2455 245, 246,

2685 269, 270, 2715 . 273s

283y 0284, . 286s 289, 292/

" 313, :3)4, 3165 317,  400s

438y 445, 4435 4505 454>

" 489s 490, 491 4925 493s
ATS-2 . -

. 1900 . 416y 662, 471y 4925

478,
482,
42,

49,
128,
155,
185,
271,

173,

133,
236,
436,

11,

31,

S4y

85,
107,
132,
149,
170,
187,
208,
224,
248,
274,
293,
402,
464,

494,

173,

52»
129,
161,
186»
273,

176»

134,
254,
439,

240,

140,
162,
187,
274,

178,

135,
272,
443,

13,

56,

90,
134,
153,
172,
189,
210,
226,
250,
276,
295,

410,
467,

496,

241,

60,
141,
163,
188,
275,

217,

136,
287,
447,

15,

36,

60,

91,
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APPENDIX B
BIBLIOGRAPHY

The lisﬁ-ing in this appendix contains all reports identified during the
period of the contract that relate to the ATS user program. This file
lists author, title and sponéoring company or agency and can be searched

in any of these three fields,
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"EXPERIMENTAL PLAN FUR THE INVESTIGATION OF SATELLITE COMMUNICATION UTILIT

Y FOR LAW ENFORCEMEMT FACSIMILE AND UATA TRANSMISSION,"™  OCT 1971, PROJECT

SEARCHs, CALIFDRNIA CRIME TECHHOLOGICAL RESEARCH FOUNDATION, SAGRAHENTO, C
ALIFORNIA, DESCRIPTION OF PLANMED EXPERIMENT SUBCOMMITTEE ON FEASABILITY
F SATELLITE COMMUNICATIONS FOR SEARCH.

LARDSAY RoMes ANDERSONs ReEes HOFFMAN, Hes EXXON CORPORATION; GENERAL ELEC
TRIC COMPANY ,

wAN CEXPERIMENT WITH MARITIME SATELLITE MULTIMODE COMMUNICATIONS AND PAOSITI
CH FIXING." JUL 1973~ FEB 19745 EXXUN CORPORATION AND GENERAL ELECTRIC COM
PANYs TECH, REPT, :

LESTERs R Ges D'FOGHLUDHA» FoJ. DUKE UMIVERISTY

mDRAFT PROPOSAL FOR COLLABORATIVE STUDY OGF X=-RAY IMAGE TRANSHMISSION.™ AUG

1971, DUKE UNIVERSITY MEDICAL CENTERs DURHAM, Ne.C., PROPDSAL.

PONNAPPA, P.C,.3 SERGHINI» SeMe; COMMUNICATIONS RESEARCH CENTRE. (CA«ADA)
"HIGH LATITUDE SCINTILLATION MEASUREMENTS AT L-BAND AND VHF: PRrPLIMINARY R

EPORT ,~ APR 1972, COMMUNICATIONS RESEARCH CENTRE, TELECOMMUNICATIONS AND. €
LECTRONICS BRANCH (CANADA), PRELIMINARY TECH. REPT. '

THE JDHNS HDPKINS UNIVERSITY

~ "PRECISE TIME DISSEMINATICN cXPERIWENT (PTDE): PHASE GNE TEST PLAN."‘JAN

19742 THE JOHNS. HOPKINS UMIVERSITY, APPLIED PHYSICS LABDRATDRY: DESC. OF P
LAN, EXP, NO., CSC-2-231.

HANSONs DoWes HAMILTON» WoFe3 GATTERERs ILoE.; NATIONAL BUREAU OF STANDARDS
; PRECISE TIME AND TIME INTERVAL STRATEGIC PLANMING MEETING (3Rp ANNUAL),
"THE NBS FRE UENCY AND TIME SATELLITE EXPERIMENT USING ATS-3,"NgoV 1971, NA
© TIJNAL BUREAU OF STANDARDS», FREQUENCY AND TIME DISSEMINATION RESEARCH STAT
10, BDULDER, COLARADD, PART OF THE PRUCEEDINGS OF THE THIRD ANNUAL DEPART
MENT OF DEFENSE PRECISE TIME AND TIME INTERVAL (PTTI) STATEGIC PLANNING ME
ETING, R
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"AIRBORNE SATELLITE COMMUNICATIQONS DURING AURQRAL STUDIES.™ APR 1971» EGELG
» ALBUQUERGUE DIVISION, SERVICES AND SYSTEMS GROUP TECH, REPT. EGG 1183-30
11 (AL=-564), CONTRACT NO. AT (29-1)-1183

REBMAN, J.A.3 APPLIED INFORMATION INDUSTRIES

"MARITIME SATELLITE NAVIGATION/COMMUNICATIUN PROGRAM; PHASEII-=pXPERIMENT

SYSTEM DEVELOPMENT AND OPERATION. MARITIME SHIPPING USER PLAN,"™ JUN 1972,

APPLIED INFORMATION IMDUSTRIES, MOORESTOWN, N,Js TECH., REPT. MAR~594-M-004
(A) FDR J,S. DEPARTMENT OF COMMERCE, MARITIME ADMINISTRATIUN

ANDERSON, RLE,; GENERAL ELECTRIC COMPANY :
"VHF RANGING AND POSITION FIXING EXPERIMENT USING ATS SATELLITES: FINAL RE
PORT ON PHASES 1 AND 2." NOV 1968- MAY 1971, GENERAL ELECTRIC COMPANY, TEC
He REPT. S-71-1109 CONTRACT NO. NAS5-11634 (GODDARD SPACE FLIGHT CENTER),

BARNES, JeH.s MNASA, INTERNATIDMAL. PLANNING AND PROGRAMS

"PRAOPOSAL FOR COOPERATIVE ARRANGEMENT BETWEEN KASHIMA RADIO RESEARCH LABS
(JAPAN) AND GODDARUD SPACE FLIGHT CENTER (NASA) FOR ATS-1 OPERATIONS.™ JAN
13745 NASA, GOCDARD SPACE FLIGHT CENTERs  INTERNATIOHAL PLANNING AND PROGR

AMS, LETTER PROPOSAL TO KASHIMA RADIO RESEARCH LARS, TUKYD, JAPAN.

LUSIGNAN» B.B.; STANFORD UNIVERSITY; COMISSAD NACIDNAL DE ATIVINADES ESPAC
IAIS (CNAE) ’

"A JOINT PROPOSAL FOR AN ATS SATELLITE CIRCUIT BETWEEN STANFORD UNIVERISTY
AND. COMISSAO NACIONAL DE ATIVIDADES ESPACIAIS (CNAE), BRAZIL."™ DEC 1969,
STANFORD UMIVERSITY, PROPUSAL RL 13-69.

KAISER, R.Les ATOMIC ENERGY COMMISION :

WATS=-1 REPRT=~AMCHITKA ISLAND, ALASKA." SEP 1974, U,S. ATOQMIC ENERGY (MM
ISSION, NEVADA QOPERATIONS OFFICEs LAS VEGAS» NEVADA, TECH. REPT, (LETTER R
EpORT), :

MATHEWS» CoWes NASA, WASHINGTON, D,C.

"OPPORTUNITIES FOR PARTICIPATIUN IN SPACE FLIGHT INVESTIGATIONS WITH THE ¢
OYMUNICATIONS TECHNOLOGY SATELLITE (CTS)." AUG 1972, NASA, WASHINGTON, D,C
s CODE ESC» REQUEST FOR PROPOSAL NHB 8030,1A,

HAGEN, B JAHR, D; STROMME, J2 SVERKHOLT» K3 ROYAL NORWEGIAN CDUNCIL FOR S

SCIENTIFIC AND INDUSTRIAL RESEARCH (NTMF)

"SCOMA=12 A SATELLITE COMMUNICATION OCEANOGRAPHIC AND METEOROLOGICAL BODY,

" FEB 1971, ROYAL NORWEGIAN COUNCIL FOR SCIENTIFIC 'AND INDUSTRIAL RESEARCH
(1ITNF)» SPACE ACTIVITY DIVISIONs DSLO» TECH. REPT. -

SNELL, N.M,; ATOMIC EMERGY COMMISSIONS COTINGA PROJECT

"APPLICATION FOR USE GF ATS=1 SATELLITE TO SUPPORT PROJECT COTINGA." JAN 1

9745 ATOAIC ENERGY COMMISSIOH, WASHINGTON, D.C. APPLICATION FOR USE UF ATS
SATELLITE, : s '

"ATS -1 TtST PRDGRAH WITH TELESAT CANADA." UCT 1972} TELESAT CANADA, OTTAWA
) U”TARIJ TECH. REPT.
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RAMASASTRY, J.3 ROSENSAUM Be; MICHELINI, R.D.; KUEGLER, G,

"VLB] CLICK SYNCHRUNIZATION TESTS PERFURMED VIA THE ATS-1 & ATS=3 SATELLIT
ES." DEC 1971, NASA, GODDARD SPACE FLIGHT CENTER, BIBLIOGRAPHY, NASA-TM=X-
65371,

MARCOMI COMPANY. UNIVERSITY COLLEGE OF SWANSEA; POST QFFICE(UNITED KINGDOM
) .
"UNITED KINGDIM MARITIME SATELLITE COMMUMICATION TESTS." AUG- DgC 1970, PN
ST OFFICE (UNITED KINGDOM): UNIVERSITY COLLEGE OF SNANSEAo THE MARCONI COM
FANY; SHIP "ATLANTIC CAUSEWAY"; TFCH- REPT.

"REPORT CON ALASKA USE OF ATS-1 SATELLITE." OCT 1972- JUNE 1973, STATE OF A
LASKA, OFFICE DOF TELECOMMUNICATIONS, PROG. REPT.

CHI» A«Re
"PRECISE TIME DISSEMINATION EXPERIMENT." JUL 1974, GSFC PROGRESS REPT,, P
ROJECT NfJ, 636-18-51-08. :

KASHIMA EARTH STATION; JAPAN MINISTRY OF PUSTS AND TELECOMMUNICATIONS
"SATELLITE COMMUNICATION EXPERIMENTS VIA ATS-1." APR 1970- AUG 1973, TECH.
REPT, KASHIMA EARTH STATION, RADI(O RESEARCH LABS., MINISTRY OF POSTS AND

TELECUMMUNICATIONS, JAPAN.

ANDERSON» R.E.; GENERAL ELECTRIC CU. :

"EIMAL REPURT ON PHASE 3 ATS RANGING AND POSITION FIXING EXPERIMENT,.'" MAR
1971- DEC 1972, GENERAL ELECTRIC CO.» TECH. REPT, SRD-73-062» GSFC CONTRAC
T WAS5-11634. :

ROTH» EsJe: CORPORATINON FOR PUBLIC BROADCASTING
PTRANSCOUTINEMTAL INTERCONNECTION EXPERIMENT." NOV 1970, CORPODRATION FOR P
URLIC BROADCASTING TECH. REPT. FORD FOUNDATIOM GRANT

BARULAS JoDes WESTWOOD, DoHes HANAS, D.Je> SAMSO/LOS ANGELES» CA
"SYSTEM 62113/ATS~-5 SIGNAL DEMUNSTRATION TEST: FINAL TECHNICAL REPORT." FE
B 1971» SPACE AND MISSILE SYSTEMS ORGANIZATION, SAMSO-TR-71-35, CONTRACT N

ALLANs D.S.; STAHFORD UNIVERSITY ,
WNEDICAL TELECOMMUNICATIONS EXPERIMENTS FOR ALASKA VIA SATELLITE: A SUMMAR

Y OF HARUWARE EXPERIMENTS AND A CATALDG OF TERMINAL EQUIPMENT." MARCH 1973
" » STANFORD UNIVERSITY, STANFORD, CALIFCRMIA, TECH. REPT.» CONTRACT NO. NIH

-4718 (LISTER HILL NATIDNAL CENTER FOR BIOMEDICAL COMMUNICATION, NATIONAL
LIRRARY UF MEDICINE, NATIONAL INSTITUTES OF HEALTH)

KELLEHER, J,J .5 NATIONAL SCIENTIFIC LABORATORIES, IMC,
nous P[LATI’]N OF REPORT SUMMARIES 0OF ATs SATELLITE EXPERIMENTS IN SEVERAL A
FPLICATIUN AREAS." SEP 1972» MATIUNAL SCIENTIFIC LABDRATORIES, INC., MCLEA

Ns VIRGINIA, BIBLIOGRAPHY.

TELCDM: INC,

"SATELLITE CU“MUNICATIDNS DURIMG OPERATION PICA?DSTE " _FEB 1973, TELCOM, 1
NCu2» LAS VEGAS» HEVADA, TECH. REPT4 TNR=323-078 (U.Se ATOMIC ENERGY COMMIS
S10M, NEVADA DPERATIONS UFFICE» LAS VEGAS, MEVADA), '
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STANLEY,G M, UNIVERSITY OF ALASKA
"gUMMAR]ES OF USE OF ATs-1 FOR MEDICAL PURPOSES."™ JUL-DEC 1973, UNIVERSITY
OF ALASKA, GEDOPHYSICAL INSTITUTE, COLLEGE» ALASKA

KLEPPE, J.A.; SIERRA RESEARCH ENVIRONMENTAL LABORATORY: SEEKSTORM PROJECTS
NIVERSITY 0OF NEVADA )

"AN EXPERIMENTAL STUDY OF DIGITAL DATA TRANSMISSINN USING ATS SATELLITE VH

F TRANSPUNDERS: VHF SEEK."™ JUN 1972, SIERRA RESEARCH ENVIRONMENTAL LAB,, B

OULDER, COLORADO» UNIVERSITY OF NEVADA, TECH. REPT, PROJECT SEEKSTORM,

STAMFORD UNIVERSITY; GODDARD SPACE FLIGHT CENTER, DFFICE OF SPACE SCIENCE
AMD APPLICATION

"DEMONSTRATINON OF SATELLITE DISTRIBUTION OF COMPUTER-ASSISTED INSTRUCTIDN
FNR RUKAL SCHOOLS."™ MAY 1971- JUN 1972, STANFORD UHIVERSITY, INSTITUTE FOR
PATHEMATICAL STUDIES IN THE SOCIAL SCIENCES FIN[L TECH. REPT. PROJECT COD
E 45%5C.

QUAYLE, D.R.; NATIONAL PUBLIC RADIU, INC.
wA REPORT TO NASA ON EXPERIMENTAL USE UF ATS-1 BY NATIUNAL PURLIC RADIO, 1
NC.™ OCT 1972, TECH. REPT.» NATIONAL PUBLIC RADIN, INC»> WASHINGTON, D.C.

HANSON, D.Wes HAMILTONs WeFo; NATIOMAL BUREAU fIF STAKRDARDS.

"TIME AND FREQUENCY BROADCAST EXPERIMENTS FROM THE ATS-3 SATELLITE." NOV 1
973, NATIONMAL BUREAU (JF STANDARDS: TIME AND FREQUEMNCY DIVISIONW, INSTITUTE
FOR BASIC STAMDARDS, BOULDER, COLORADOs, TECH. RtPT. NCe 645, (U,S, DEPT, O
F COMMERCE)

NETHERLANDS PTT, PADIQ HOLLAND

T"REPCORT ON COMMUN[CATIONMS TESTs AMONG MOJAVE (HASA), KDOTWIJK (METHERLANDS
) AND TWU SHIPS NMIEUW AMSTERDAM AMD ATLANTIC CROWN USING ATS 3 SATELLITE."
FEB 1971, NETHERLANDS PTT, TECH, REPT,

PARKER, oD

WWILLAGE SATELLITE -1l: THE SECOMD EVALUATIUN OF SOME EDUCATIONAL USES OF A

TS=1 SATELLITE EDUCATIONAL. BROADCASTING IN ALASKA "oJuLl 1973, TeCH. REPT,
(AiCHﬂRAGE; ALASKA) ‘

ABRAMSAN, H.s UNIVERSITY NF HAWAIT; ALJHA SYSTEM
“THE ALDHA SYSTEM," JAN 1972, UNIVERSITY OF HAWAI] TECH; REPT. 872=1.

ARRAMSUONs. N.; UNIVERSITY OF HANAII‘ ALOHA SYSTEM
"PACKET SWITCHIMG WITH SATELLITES."™ MAR 1973, UNIVERSITY UF HAHAII TECH. R
EPT, 873-2. ‘

KREIMER,» 0.3 HUDSON» Hes FOOTEs Ue; STANFORD UNIVERSITY

"HEALTH CARE: ANO SATELLITE RADIO COMMUNICATION IN VILLAGE ALASKA: FINAL RE
PORT OF THE ATS-1 BIOMEDICAL SATELLITE, EXPERIMENT EVALUATION," JUN 1974,

NATIONAL CENTER FOR BIUMEDICAL CdHMUNICA:ION. TECH. REPT. CONTRACT NOLl-LM=
14718, - : : S .

VSTRU%:J Wes PEACESAT

BRADY, €.+ UNKNDAN

WALASKA COMMUNICATIONS.™ MAR 1975, UNKNOWN

nTP: PEACESAT PRDJECT " 1972, PEACESAT; UNIVERSITY UF'HAWAlIa HnNDLULU} HA
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O!'FOGHLUDHA, F; DUKE UNIVERSITY MEDICAL CENTER

PPRELIMINARY EVALUATION OF THE RESULTS OBTAINED DURING THE X-RAY TRANSMISS
10N EXPERIMENT,™ JAN 1972, DUKE UNIVERSITY MEDICAL CENTER, RADIATION PHYSI
€S DIVISION, DURHAM, NORTH CARDLINA, CORRESPOMDENCE, (NASA/GSFC) TEGCHNICAL
UTTLIZATIUN PRCGRAM,

THE RAGDIJ PESEARCH LABORATURIES

"STATUS AND FUTURE PLANS OF KASHIMA GROUND STATION." JAN 1971, RADIO RLSEA
CH LABORATURIES, JAPAN, PRUOGRESS REPORTs (MINISTRY OF POSTS AND TELECOMMUN
ICATIONS) .

APPLIED INFORMATION INDUSTRIES
"SYSTEN UESIGN PLAN MARITME SATELLITE NAVIGATION/CAMMUNICATION PROGRAM: PH
ASE T1--EXPERIMENT SYSTEM DEVELOPMENT AND OPERATION.™ DEC 1971s APPLIED IN

. FORMATION IMDUSTRIES, HOORESTOWNs N.Je TECH. REPT. CONTRACT NO. 1~35544 (U

«S. DEFARTHENT (IF COMMERCE, MARITIME ADMINISTRATION),

SAVAGE, D,C,; PADEL, S.H.; BRITISH BRNADCASTING CORPURATION
"PERFORMANCE OF MEXpCOD C1TY-LONDUN TELEVISION CHAIN USED FOR THE 1968 0OLYM
PICS." 1962, BRITISH BROADCASTING CORPURATIOM, ENGIMERRING DIVISION, TECH,
“EMO, DESIGHS DEPARTHENT TECHNICAL MENORANDUM ND. 6581(68)

REYNCLDSs D2 VONDERHAARS ToHe; COLGRADU STATE UNIVERSITY

") CCMPARISON OF RADAR-DETERMINED CLOUD HEIGHT AMD REFLECTED SOLAR RADIANMC

£ MEASURED FROM THE GEUSYNCHRONOUS SATELLITE ATS-3." APR 1973, CcOLJRADOD S
TATE UMIVERSITY» OEPT, OF ATHNSPHERIC SCIEMCE, FT. CULLINS, COLNRADO. JOUR

NAL ARTICLE, #%* JUURHAL OF APPLIED METEURULOGY, V0L, 12, PP. 1062-1085, S
EP 1973 #*=3x, : :

WHITE, S.C.3 MASA, SCIENTIFIC ACTIVITIES FOR LIFE SCIENCES.
TCOMMENTS ON PROPOSAL FOR THE CONTINUED USE OF NWASA ATS-1 SATELLITE FOR AL

“ASKALY MAY 1973, MASA MM~1, SCIENTIFIC ACTIVITIES FOR LIFE SCIENCES, PROP

OSAL EVALUATIAN.

BUCK» C.los MIRTHRIP, C.M.; ALASKA, OFFICE OF THE GOVERNOR ,
"REPORT ON ALASKA USg DF THE ATS-1 SATELLITE."™ MAY 1973, STATE pF ALASKA,
OFFICE DOF THE GDVFRNDR: OFFICE DOF TELECOMMUNICATIONS TECH,. REPT,

BUCKs Culas ALASKAS NUPTHRIP: CoM,

"PRIPCOSAL FOR THE CONTINUED USE OF- NASA'S ATS 1 SATELLITE FDR ALASKA,™  MA
Y 1373, STATE DOF ALASKA, GOVERNOR!'S OFFICEs, OFFICE OF TELECOMMUMICATIOMS,
PPOPCSAL,

KLEPPE, J. A.,‘U“I”ERSITY OF NEVADA ‘
MTECHNICAL SYSTEMS FOR THE PYRAMID PILOT PROJECT." 1972, UNIVERSITY OF NEV
ADA, DESERT RESEARCH INSTITUTE, TECH. REPT. :

BYSTRMDAs JoWes UNIVERSITY OF HAWALI - :

"PEACESAT: CONTINUATION PROUPOSAL."™ OCTOBER 1973, UNIVERSITY OF HAWAIL, HO
NOLULU, PROPUSAL, (LISTER HILL NATIOMAL CEMTER FOR BICHEDICAL COMMUNICATIR
NS, NATIUNAL LIBRARY OF MEDICINE). . ,

BYSTRON, J, W, UWIVERSITY UF HAWATI v '
“PEACESAT-PRESS RELEASE KIT." “DgTO3ER 19735 UNIVERSITY DF HAWATI, HONOGLUL

“ U, NEWSPAPER-ARTICLE, (LISTER HILL “ATIGNAL CEQ LR FOR BIDMEDICAL COMMUNIC

ATTINS, JATIGIAL LIARARY OF HEDICINE)
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BYSTROM» J.Wes MISKO,» Co; UNIVERSITY OF HAWAIL

"SUPPLEMENTAL EVALUATION REPDRT: PAN PACIFIC EDUCATION AND COMMUNICATION E
XPERIMENTS BY SATELLITE--VOL I." AUG 1973, UNIVERSITY OF HAWAII» HONDLULU
» PROGFE3S REPORT, (LISTER HILL NATIONAL CENTER FOR BIUMEDICAL COMMUNICATI
GhSs NATIQWAL LIBRARY UF MEDICINE),

BYSTROM, J,W.; MISKO, C,; UNIVERSITY OF HAWAIIL

"SUPPLEMENTAL EVALUATIUN REPORT: PAN PACIFIC EDUCATION AND COMMUNICATION E
XPEPIMENTS BY SATELLITE~=-VOL II." AUG 1973, UNIVERSITY -OF HAwarl, HUNOpUL
U, PROGRESS REPORT, (LISTER HILL NATIONAL CENTER FOR BINMEDICAL COMMUNICAT
I0M5, NATIONAL LIBRARY OF MEDICINMNE),

BYSTRUM, JeWes UNIVERSITY OF HAWATI

"PACIFIC SATELLITE HEALTH INFORMATION STUDY=--FINAL REPORT." MAY 1974, UNI
VERSITY OF HAWAII, HUMOLULU» FINAL TECH. REPORT.» CONTRACT NO, MIH-72-4706
» (LISTER HILL NATIONAL CENTER FOR BIOMEDICAL COMMUNICATIONSs, MATIONAL LIB
RARY OF HEDICINE).

6L0Y, D,C,; POTEAT, K, 0,5 NESS ATELLLITE FIELD SERVICES STATIQN

"AT5-3 SATELLITE-DERIVED LOW-LEVEL WINDS: A PROVISIONAL cLIMATRLOGY." MA
R 1673, NESS SATELLITE FIELD SERVICES STATION, MIaMIs FLORIDA, JOURNAL ART
ICLE, #%%% JDURNAL OF APPLIED METEQROLOGY VUL 125 PP 1C54-~1061, SEP 1973 =%

STAMM, Asdes VONDERHAAR, ToH.; UNIVERSITY OF WISCONSIN

"A STUDY OF CLOUD DISTRIBUTIONS USING REFLECTED RADTANCE MEASUREMENTS FROM
THE ATS SATELLITES."™ JAM 1970, UNIVERSITY OF WISCONSINs, SPACE SCIENCE &

EMCINEERING CENTER, MADISONs WISCUNSIN, JOURNAL ARTICLE, **% JOURNAL. OF AP

PLIED METEORDLAGY VOL 9, PP 498-507, JUN 1970 *%%, :

LEESEs JeAes NOVAK, CoS.3 NOAA

AN AUTOQMATED TECHNIQUE FNR OBTAINING CLOUD MOTION FRCOM GENSYNCHRONOUS SAT

ELLITE DATA USING CROSS CORRELATIONG."  JUN 1970s, NATICNAL OCEANIC ANU ATMO

SPHERIC ADMINISTRATION (NDAA)» NATIONAL ENVIRONMENTAL SATELLITE CENTER, Jn

URNAL ARTICLE, #%% JOURNAL UF APPLIED METEOROLOGY, vOL 10, PP 118-132, FESB
1971 %*=*,

DILLON, C.Hes UNIVERSITY OF MARYLAND

"800K REVIEW DF 'THE POLITICS AND TECHNOLOGY OF SATELLITE COMMUNICATIONS!'
8Y GALLO#AY> J.F. (LEXINGTON BUOKS», 1972)." NOV 1973, UNIVERSITY OF MARYL
AND» JOURNAL ARTICLE *%%x THE JOURMAL OF POLITICS, VOL. 35, NO, 4» PP. 1035
-10365 NIV 1973 #¥k,

SCHILLERs H.les UNIVERSITY OF CALIFORNIA

"30UK REVIEW OF 'THE POLITICS AND TECHNOLOGY OF SATELLITE COMMUNICATIONS,!
BY GALLO®WAY> JoF. (DeC. HEATH CO, 1972)." JUL 1973, UNIVERSITY OF CALIFOR
MIAs, SAN DIEGD, JDURNAL ARTICLE #*%%x JDURMALISM UARTERLY» VOL. 50, NO, 2,

ppl 390-3911 vDLu 1973 %%x, 7 ) i

~FINCHs EoR

"THE UNITED NATIOMS AND EARTH RESOURCES SATELLITE." JAN 1973, JOURNAL ART
ICLE %% INTERNATIONAL ALWYERs VULe 72 NOo 15 PP. 158-1765 JAN 1973%%%,
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MURPHY, T,P,; UNIVERSITY DF MARYLAND

"EEDERAL REGULATORY POLICY AND COMMUNICATIUNS SATELLITES: INVESTING THE SaO

CIAL DIVIDEND," OCT 1972, UNIVERSITY UF MARYLAND, COLLEGE PARK, MARYLAND,
JUURNAL ARTJCLE #%% THE AMERICAN JDURNAL UF ECONOMICS AND SOCIpLOGY, VDL,
31, NO. 4, PP, 337-351, OCT 1972,

HUPEs HeoH.; DEPARTMENT OF HEALTH» EDUCATIDN, AND WELFARE

YAN ENUCATIOM SATELLITE: COSTS AND EFFECTS ON THE EDUCATIDNAL SYSTEM."™ OC
T 1974, ODEPARTMENT OF HEALTH, EDUCATION, AMD WELFARE, OFFICE OF TELECOMMUN
ICATIONS PULICYs TELECOMMUNICATIONS MARKET DEVELOPMEMT», JOURNAL ARTICLE #%
* EDUCATIOMRAL TECHNDOLOGY, VDL, l4s NO. 10, PP 48-52, CLT 1974 &%,

POLCYN, K,A.5 INFORMATION SCIEMCES COMPANY

"FUTURE UMITED STATES EDUCATINNAL BROADCAST SATELLITE EXPERIMENTSS THE APP
ALACHIAN REGINM EXPERIMENT "  MAY 1974, INFORMATINN SCIENCES COMPANY., PLAN
NING RESEARCH CDRPORATION, COMMUNICATIDN SATELLITE APPLICATIONS, MCLEAN, V
IRCINIA, JOURMAL ARTICLE #*% EDUCATION TECHNOLUGY, v3dL. l4, NO. 5, PP 8-12
2 MAY 1974.

PLPAY, JeP.; POLCYN, K.A.3 ACADEMY FDR EDUCATIUNAL DEVELOPMENT, INC.

WTHE EDUCATIONMAL POTEMTIAL OF BRUADCASY SATELLITE TECKNOLOGY: Al BVERVIEW
OF SOME PRESENT AND FUTURE ACTIVITIES." APR 1973, ACADEMY FOR pEDUCATIQNAL
DEVELOPMENT, JOURNAL ARTICLE #®%% EDUCATIONAL TECHNOLELGY» VOL. 13, NU. 4,

PP 35-43» APR 1973, v

POLCYNS KoA.3 ACADEMY FOR EDUCATIONAL DEVELOPMENT, INC.

"FUTURE UNITED STATES EDUCATIOMNAL BROADCAST SATELLITE EXPERIMENTS: THE ROC
KY HOUNTAIN REGIOM EXPERIMENT,w  AUG 1973, ACADEMY FOR EDUCATIONAL DEVELOP
MENT» INC,, JOURMAL ARTICLEs (U,S. AGENCY FOR INTERNATIONAL OEVELOPMENT)
*% EQUCATIGNAL TECHNOLOGYs VOL, 13s ND, 8, PP, 46-52, AUG 1973 x¥¥*.

EMDLICHs RoMes WOLF» D.E,s HALL, DeJ.; BRAIN, A.E.; STANFORD RESEARCH INST
ITUTE

YUSE OF A PATTERN RECOGNITION TECKNIQUE FOR DETERMINING CLOUD M{ITIONS FROM
SEIUENCES OF SATELLITE PHOTOGRAPHS,"™ SEP 1970, STANFORD RESEARCH INSTITU
TE, MEMLD PARK, CALIFDRNIA, JOURNAL ARTICLE ¥¥% JOURNAL OF APPLIED METEDRO
LOGY» VOL. 10, NO. 2, PP. 105-117, FEB 1971 %%,

BOGOTTs FoHes MOZERs FoHos UNIVERSITY OF CALIFDRNIA

- WMAGNETOPAUSE ELECTRIC FIgLD INFERRED FROM ENERGETIC PARTICLE MpASUREMENTS

DN ATS-5." FEB 1971, UNIVERSITY DF CALIFURNIA» BERKLEY»> CALIFORNIA, SPAC
E SCIEMCES LARDRATORY, JUOURMAL . ARTICLE, #%x% JOURMAL .OF GEOPHYSICAL RESEARC
Ho VOL, 76, NO. 4» PP, 892-899s FEB 1971 *¥¥&, :

DAYs J.Lei UNIVERSITY OF KANSAS :
"BOOK REVIEW DF (1) 'THE PRACTICE DF MASS COMMUNICATIGN: SOME LESSUNS FRNH

RESEARCH' BY RAU, YeV.los (UNESCO PUBLICATION 1972); (2)-tA GUIDE TU SATE:

LLITE COMMUNICATION BY UNESCO (UNESCO PURLICATION 19722 (3) VYTHE RDLE OF
FILM 1N DEVELDPMENT!' BY HOPKINSON, P, (UNESCD PUBLICATIDN 1972)."  0OCT 197
3, UNIVERSITY OF KANSAS, JOURNAL ARTICLE %% JOURNALISH UARTERL Y, VOL. 50
s NO, 3, P, 589, (OCT 1973 *%¥x,

CUMMINGSs W.D.3 COLEMAMs JRes Pude; SISCNE, Gu.les UCLA

WAQUTET DAY MAGMETIC FIELD AT ATS-1." FEB 1971, UNIVERSITY OF CALIFORMIA A

T-L7S ANGELESs GRAMBLING COLLEGEs LOUISTIANA, JOURMAL ARTICLEs ##% JOURMAL

OF GEOPHYSICAL RESEARCH, VOL. 762 Ne 45 PP. 926-632, FEB 1971 s%¥.
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SKILLMANS Tel.s SUGIURA, M.; NASA/GODDARD SPACE FLIGHT CENTER
"MAGNETOPAUSE CROSSING DF THE GEJOSTATIGNARY SATELLITE ATS-5 AT 4.6 RE." J
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PARKER, E.B.; ROSEMBERGs J. 0.3 STANFORD UNIVERSITY

"CORRESPUNDENCE IN REGARD TU FILM ENTITLED 'SATELLITE HOUSE CALL'." JUL 7
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"CORRESPONDENCE RELATED TU ATS USE BY GERMANY," OCT 67; GERMANY.
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WEXPERIMENTAL INVESTIGATION OF AERONAUTICAL AND MARITIME COMMUNICATIONS AN

D SURVEILLANCE USING SATELLITES,"™ 0OCT 73, GENERAL ELECTRIC CORP. RESEARCH
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ANDERSON, RLE.
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MARITIME ADMINISTRATION - US DEPARTMENT OF COMMERCE
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STANFORD UMIVERSITY
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MICATIONS SATELLITES*,"™ 1CT 71, APPLIED INFORMATION INDUSTRIES, MORRISTOV
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CESs» TECH. MEXO.
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ROYAL ATKCRAFT ESTABLISHMENT
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STAMLEY»G.5 UNIVERSITY OF ALASKA
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ANDERSUN;C.) UNIVERSITY OF WASHINGTON
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FILEPs,R.> WEDEMEYER,D.s UNIVERSITY OF SOUTHERN CALIFDRNIA
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AILLARD,H.P,; UNIVERSITY OF WASHIMGTON
"TESTS pF SYSTEMS FQR MEDICAL COMMUNICATIONS VIA ATS-1." AUG 1973, UNIVERS
ITY OF wASHINGTON, DEPT GF ELECTRICAL ENGINEERING, SEATTLE, WASHINGTON

REYNOULDS»D.K.s YARNELL»S,R.3 UNIVERSITY OF WASHINGTON
"MANTHLY PROGRESS REPORTS ON SATELLITE PROJECT." FEB-JUL 1972, UNIVERSITY
OF WASHINGTONs DEPT OF ELECTRICAL ENGINEERING, SEATTLE,» WASHINGTON

STOOP,P.T.; UMIVERSITY OF ALASKA
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STANLEY,GoMo.s UNIVERSITY OF ALASKA.
"SATELLITE TELECOMMUNICATIONS EXPEKIMENTS." MAR 1972, UNIVERSITY OF ALASKA
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DIETRICH,E.D.; OEUTSCHE aumosspnsr
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KUNTIMOTO, ELIZABETH N.2 UVIVERSITY OF HAWAII '
"SPEECH=-COMMUMICATION INSTRUCTION BY SATELLITE." DEC 715 UNIVERSITY OF HAW
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AUBURN, Fo Mo UNIVERSITY OF AUCKLAND
"REPORT ON AN EXPERIMENT IN THE TEACHING OF LAW BY SATELLITE." APR 743 UNIL.
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ZIPSER, E. Jo3 NATIONAL CENTER FOR ATWUSPHERIC RESEARCH

"THE ROLE OF ORGAMIZED UNSATURATED (ONVECTIVE DOWNDRAFTS IN THE STRUCTURE
AMD RAPID DECAY. OF AN EQUATORIAL DISTURBANCE." OCT 695 NCAR, BOULDER» COLO
RADD JOURNAL OF APPLIED METEOROLOGY» VOL Bs» NR 5 :

ZIPSER, E. J.; NATIDNAL CENTER FOR ATMNSPHERIC RESEARCH

"THE LINE ISLANDS EXPERIMENT, ITS PLACE IN TROPICAL HETEURULDGY AND THE RI1
SE GF THE FOURTH SCHOOL OF THOUGHT.,." DEC 705 NCAR, BOULDER, COLORADD, BULL
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HANSUN: D. ‘Wes HAMILTON, W Fo; NATIOMAL BUREAU OF STANDARDS
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TEAC%ERS." AUG 75; NEA: hASHINCTDﬂ; DC B :
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73; BOEING COMMERCIAL AIRPLANE CO.» P. 0. 80X 3707, SEATTLE, WASHINGTON, 9
8124

232 JEFFERSON, F. We2 NATIONAL AVIATION FACILiTIES EXPERIMENTAL  CENTER
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FUJITA, T. T.; BRADBURY; De. L.; UNIVERSITY OF CHICAGO
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FUJITA, T. Tes UNIVERSITY 0OF CHICAGH
"USE OF ATS PICTURES IN HURRICANE MODIFICATION." AUG 19725 UNIV, OF CHICAG

"0, TLLINUIS

YU'l=MET CHANG; UNIVERSITY OF CHICAGO
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BENSTEADs G.; NORTHCOTT, D.3 MCMECHANs P.; UNIVERSITY OF THE SOUTH PACIFIC
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WEDEMEYER, C, A.; UNIVERSITY OF WISCONSIN
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ELLITE TELECOMMUNICATIONS." 19695 UNIVERSITY OF WISCONSIN, MADISON, WISCON
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WEDEMEYERs Co Aes UNIVERSITY OF WISCONSIN
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JAFFEE, LEONARD -
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SHISSIONS ABJARD THE AIRCRAFT", DATA REPORT NDs 25 FAA TEST AND EVALUATION
DIVISION, PROJECT NO. 221-160-02Xs APRIL 1968,

Faa
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