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I. INTRODUCTION

As part of the continuing effort to prepare for the

1979 World Administrative Radio Conference (WARC), the

Office of Telecommunications Policy (OTP) sponsored a

joint session of Ad Hoc 144-111 of the IRAC and of the

CCIR U.S. Study Groups 2, 4, 8, 9. Ad Hoc 144-111 is

a special subcommittee of the IRAC, instituted by OTP,

to prepare draft position papers for the Federal government

for consideration at the WARC.

The purpose of this special session, which was held on

October 31, 1975, was to discuss the technical problems

associated with the introduction of "small earth terminals"

(SET) in those space services employing geostationary

satellites. SET's imply the use of antennas which have

considerably less equivalent aperture than is normally

employed in the Fixed-Satellite service. Current

regulations do not . adequately consider the technical and

operational factors unique to SET usage. For example,

the coordination procedures embodied in Appendices 28

and 29 of the ITU Radio Regulations are not designed to

use D/X ratios smaller than 100.
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Essentially all present day satellite communications

services, both government and non-government, utilize

large fixed earth station with large antenna apertures.

These antennas are usually parabolic in form yielding

symmetrical beam shapes and relatively good sidelobe

suppression. The cost of such stations normally limit

their use in readily transportable or mobile configurations

for low traffic volume users.

With substantial reductions in the cost of launching

satellites and substantial increases in the size and weight

of satellite payloads, it has become economically practical

to realize increased on-orbit satellite effective radiated

power levels. The increased power levels in turn make it

practical to reduce the size of the earth station antenna,

and as such to reduce the overall system cost and to permit

greater direct use of the system by a large number of

small users.

Such departures from existing applications of the

technology create major problems for the earth stations.

For example:

(1) Increase in on orbit and terrestrial interference

due to the substantially wider antenna beam widths;

(2) Reduced antenna main beam gains of small antennas

requiring more antenna input power to achieve the same

e.i.r.p., thus increasing the radiated power in the antenna

side lobes;

•
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(3) Degradation of the satellite systems orbit/spectrum

utilization due to the inter-mixing of wider antenna beamwidths

with the presently existing narrow antenna beamwidths;

(4) Use of such SET's for "thin route" applications

causing increase in required orbital spacing of associated

satellite networks;

(5) Minimum satellite orbit separations, currently

practical when using large earth station antennas, may not

be feasible when using small station antennas.

Limiting is also imposed by the criteria for sharing

of frequencies between terrestrial and space services.

Such technical departures from past and current practice

may require regulatory changes. In this regard, the

objective of this seminar was to determine answers to

the folhowing questions:

o How can the foreseen requirements for SET's

in the various satellite services be accommodated?

o Can SET's conform to international technical

criteria?

o Do special allocation provisions need to be pro-

vided for SET's?

o What are the conditions for minimizing that

separation?

Section II of these proceedings presents an overview

of a cross section of government and non-government

systems that are now using or will utilize SET's. Section
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III addresses the question of sharing between SET's and

other large terminal systems. The results of several

analyses dealing with the impact of small earth terminals

are highlighted.

Finally, Section IV will indicate those areas where

the most beneficial action may result in improved spectrum

use and provide a basis for accommodating small terminals

for a variety of functional applications.
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II. SYSTEM REQUIREMENTS AND CHARACTERISTICS 

A. National Environmental Satellite Service (NESS) 

National Oceanographic and Atmospheric Administra-

tion - (NOAA) 

Presentation:

The presentation provided an overview discussion of

the various capabilities of the Geostationary Operational

Environmental Satellite (GOES) system and other NESS systems.

In particular, it indicated that the NESS provides five

specific satellite capabilities, four of which are for

the direct use of the public. Of those four, three are

accessible without the advance knowledge or permission of

the government. The five capabilities are:

Automatic Picture Taking (APT)Weather Facsimile (WEFAX)
Turn Around Ranging System (TARS)Satellite Field Service Station (SFSS)Data Collection System (DCS)

Selected parameters and summary statements of mission
objectives are given in Appendix I. Satellites used to
support these capabilities include the ATS series and

the SMS/GOES series. The frequency bands currently in

use are at VHF, UHF, L-Band and S-Band.

Discussion:

NOAA officials indicated that their biggest potential

problem from a spectrum use point of view is the high

power flux density levels presently in use by their systems.

These levels are about 8 dB higher than that permitted by

the Radio Regulations. At present, NOAA systems do not
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radiate into Region 1 countries necessitating coordination.

However, moving one of the NOAA GOES satellites further

west over the Pacific Ocean could cause radiation into

the U.S.S.R. and subsequently cause coordination problems.

The NOAA officials indicated that their organization was

not, at this time, recommending an increase in the PFD

limit.

It was also noted that the public use nature of the

satellite services provided by NOAA together with the need

to collect data from many remote points for water usage

and flood control measures has led to an extensive

deployment of small earth terminals. Many of these

terminals are built and operated by Amateur and other

non-professional weather forecasters. The quality of

their instrumentation and size of their antennas require

power flux densities at least as high as those now being

provided by NOAA.

B. RCA Global Communications 

Presentation:

The RCA Globcom presentation was based on a formal

RCA study titled "Small Station Performance and Inter-

ference Analysis" (Appendix II). The study was prepared

to support and justify the use of small earth terminals

in the State of Alaska communications system. The document

provides the detailed data and assumptions used in the RCA
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analysis of Small Station Performance and Interference

impact. Both 10 foot and 15 foot diameter antennas are
considered. A basic five satellite interference model

was assumed including Canadian and COMSAT/ATT satellites
located on the geostationary orbit between 114°W and 131°W
longitude. The RCA satellite is analyzed at a proposed
position of 119°W.

The presentation noted that the study referred to a
real and specific system for which present traffic require-
ments could be stated and growth requirements could be
reliably predicted. RCA, in conjunction with the State
of Alaska, is planning to have in operation a voice
communication system based on 15 foot diameter terminals
at the beginning of the 1976 construction season. RCA
believes that the analysis as presented in their study
demonstrates that small terminals can operate in the
same environment as large terminals and they further
believe that the analysis justifies proceeding with the
SET concept in Alaska.

Discussion:

Discussion brought out the fact that the RCA
analysis was predicated on a 32-25 loge description of
side lobe performance for small earth stations. Using
this characterization for the antenna, RCA did not find a
need to increase the spacing between satellites as presently
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proposed for the first generation of DOMSATS using large

antennas. This spacing, according to RCA computations

should not have to be greater than 5° and is probably

somewhere between 4° and 5°.

Acknowledging that the 32-25 log0 criterion was not

intended to characterize small antennas, the RCA representa-

tive noted nevertheless that their 15 foot antennas

did comply with the criterion. Their 10 foot antennas

needed some "adjustment" in order to comply.

Coordination of the present system now being installed

was reported to have been accomplished with COMSAT/ATT

without difficulty. Coordination is in process for the

proposed system based on 15 foot antennas, higher G/T

and a greater number of channels than was originally

coordinated.

C. National Aeronautics and Space Administration 

Presentation:

A joint Canadian-US experimental satellite program,

the Communications Technology Satellite (CTS), was

described by NASA. Canada is supplying the satellite

and the US (NASA) is providing the launch and the high

power final amplifier.

The satellite is intended to support a variety of

experiments of a mainly societal nature. Several figures

from the NASA presentation are included as Appendix III.
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Several classes of small terminals were postulated in

the early stages of the program but there finally evolved

a need for just three. The largest class is Video/Telephony

transmit and receive capability. One version uses a single

15 foot antenna with a diplexer while a second version uses

a 10 foot transmit and 15 foot receive antenna. The

Class II and Class III terminals will use 6 to 10 foot

antennas; the Class II being a capability for the trans-

mission of telephony and reception of both telephony and

video and the Class III being a receive video only

capability.

The CTS system will operate in the 12/14 GHz bands.

Small terminal capability is possible because of the

high efficiency 200 watt final amplifier tube used on the

satellite together with extendable solar panels that

generate about 1 kW of prime power for the satellite.

Discussion:

A question on control of antenna sidelobes elicited

the information that NASA had specified 17-18dB suppression

of the first side lobe; this was the only spec on side-

lobe performance for the earth terminals. Measured data

from the various manufacturers indicate that this specifica-

tion has been met. The measured data is not yet generally

available.
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With regard to potential interference from CTS earth

stations, studies have shown that such interference could

occur between CTS terminals and commercial small boat

radars. As a result, a coordination procedure has been

proposed for application in situations where a CTS terminal

is within 5 miles of a navigable waterway. Other studies

have shown that their is no potential interference to

AT&T mobile operations from CTS terminals.

D. Satellite Communications A (SATCOMA)
Unite tates Army 

Presentation:

SATCOMA is the primary development agency for all

ground based small earth terminals for military use.

The Army presentation was oriented toward their program

in support of the Ground Mobile Forces Satellite Communica-

tions Systems. This program involves the design and

development of a variety of small terminals. The charac-

teristics of these terminals were presented and discussed.

Copies of the briefing data are included in Appendix IV.

Discussion:

enc

Military satellite communications services are provided

in two regions of the spectrum: UHF between 225-400 MHz

and SHF between 7250-8400 MHz. A variety of terminals

have been developed for both bands. In the SHF band a

Small Terminal Family has been designed and implemented

based on an 8 foot diameter antenna. Typical deployment
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scenarios show terminal usage down to the Brigade level.

The Army has sponsored a program to measure the antenna

pattern of the 8 foot dish employed in their SHF systems.

This program is being conducted at the Institute of

Telecommunications Sciences, Boulder, Colorado. The Army

representative noted that the detailed data from the

measurements had just been assembled by ITS and is now

being analyzed. The next presentation at the seminar

dealt with the results of that program.

E. Department of Commerce  - Office of  Telecommunications(OT) Institute of Telecommunications Sci-J/7" —TITS) 
Presentation:

This presentation dealt with a program, being conducted

by ITS for the Army Satellite Communications Agency, in

which ITS is addressing the question of spectrum accommodation

of small military earth stations. The program has been

underway for only a few months; the first task, recently

completed, involved measurements of the radiation pattern

of the 8 foot antenna used by the Army in their SHF family of

earth terminals. Some examples of the measured data were

shown; they are included here as Appendix V.

Discussion:

The data presented by ITS has not been fully processed.

About 40,000 data points in the upper hemisphere of the

antenna were collected. The data will be processed by

computer to develop statistical representations of the

off axis behavior of the pattern.
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Some composite plots of the preliminary data were

used to illustrate the fall off rate of the sidelobe pattern.

It was not possible to determine how closely the antenna

pattern approached the 32-25 loge CCIR reference pattern for

large antennas. Establishment of this comparison over a

range of statistical levels will be an objective of the

data processing effort.

F. Corps of Engineers 

Presentation:

Several Corps of Engineer experimental programs

employing ERTS and GOES satellites and specialized data

collection platforms (DCP) were described. The DCP i s

are intended to measure and relay various data on Hydro-

logic conditions to central offices for the purpose of

Water Resources Management.

The Corps of Engineers operational system presently

relies on ground based point to point relay of these data

from many remote locations in the nation's various watershed

areas and river basins. The move toward satellite relay of

the data is still in an experimental phase. Decision on

operational implementation has not yet been made.

A copy of the Corps of Engineers presentation is

included as Appendix VI.

G. Navy 

Presentation:

The Navy shore terminals are developed and procured
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by the Army SATCOMA as was noted earlier. However, Navy

shipboard terminals, which utilize 4 foot and Vfoot

cassegrain fed antennas, are developed and procured by

the Navy. The nature of the operational requirement

dictates a more elaborate capability than is seen in

non-military systems. High powered transmitters and

broadband (spread spectrum) modulations are employed.

The terminals operate into the DSCS system. A copy

of the Navy briefing material is included as Appendix VII.

Discussion:

During the open discussion the Navy official stated

that he computed a required spacing of 100-150 for

satellite systems sharing the SHF band and using 4 foot

diameter dishes. A comment from the audience provided

the information that a proposed spacing of 6° between

a DSCS satellite and a NATO satellite in the SHF band

led to a computed increase in equivalent noise temperature

in excess of the 2% threshold of Appendix 29 of the

Radio Regulations. The comment was not further qualified

as to the size of antennas involved in the calculation.

The Navy program has maintained a coordination effort

with the Fixed Service users in the SHF band at and near

the development sites for the Navy system. The Navy does

not anticipate a requirement for coordination with

terrestrial services under at-sea operational conditions.
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III. SHARING CRITERIA AND REGULATORY ALTERNATIVES 

A. Defense Communications Agency (DCA) 

The DCA presentation dealt with an approach to

the quantitative assessment of the effect of various

system parameters on orbit utilization. The approach

is an extrapolation of the Appendix 29 procedure for

determining the impact of one satellite system on another.

It developes an equation which can be used to evaluate

changes in orbit angular separation due to changes in such

system design parameters as:

Receiver Temperatures
Antenna Side Lobe Levels
Energy Dispersal Levels
Carrier to Noise Ratios
Change in Link Noise Temperature
Downlink to Uplink Noise Allocation Ratios

The application of the equation to a variety of

scenarios was illustrated including small terminal to

small terminal, small terminal to large terminal, and

small and large terminals sharing the same transponder.

Based on the application of the equation to

several sets of typical satellite system parameters,

it was concluded that the controlling scenario on spacing

between large and small terminal systems is the one in

which the critical interference path is from the small

terminal system to the large terminal system. Moreover,

the dominant factor tends to be antenna gain suggesting
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that one parameter that might be considered a possible

regulatory factor is the product of a system's earth

station and space station antenna gains. Quantitative

limits for such a factor were not suggested.

The concept of "grouping" was highlighted as a means

of improving orbit utilization.

orbital arcs, reverse band usage,

and frequency band separation.

The equation has not been programmed

but it would be a fairly simple matter.

Techniques listed included

polarization control,

for a computer

There are many

variables involved and an automated approach to the

application would permit rapid evaluation of the sensitivity

of the equation to various parameter adjustment strategies.

The DCA presentation is given in detail in Appendix VIII.

B. Communications Satellite Cor oration

The Communications Satellite Corporation

representatives presented material describing sharing

criteria developed by COMSAT principally for use with

the INTELSAT series of satellites and associated ground

stations. It was noted that small terminals have long

been an element of the INTELSAT system. Early applications

were primarily on a temporary basis as most INTELSAT opera-

tions were and are conducted with large (high G/T) terminals.

The advent of INTELSAT IV and the plans for INTELSAT V and

VI recognize possible large expansion in the use of small
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terminals in the INTELSAT system because of the increase

in available power in the satellite and the principle of

individual transponder operation.

As a result COMSAT established two criteria for assessing

intersatellite system interference. They are: (1) that

the acceptable level of interference from one system into

another will conform with CCIR Rec. 466-1, namely 400 PWP

in a baseband channel, and (2) that the maximum allowable

off-beam emission power density will be 20dBw/4kHz.

These values were predicated on 30 spacing between

adjacent INTELSAT satellites.

An illustration of the impact of these criteria on

INTELSAT IV and IV A system operation led to the conclusion

that, in general they can be achieved irrespective of

actual antenna diameter, albeit with some degree of

frequency control to minimize co-frequency operation.

In all computations it was assumed that the off-axis

behavior of the antenna pattern conformed with the

32-25 logVCCIR criterion.

Measured patterns of several types of small horn

antennas for use on satellite earth terminals were shown.

These data illustrate that there are many types of small

horn antennas of 8, 10 and 14 foot sizes that comply with

the CCIR criterion.
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It was noted that the use of smaller antennas (G/T

of about 31.7) are coming into service for domestic services

through leased transponders. They are generally equipped

to provide telephony (usually SCPC or FDM/FM) and TV.

SCPC operations increase the space segement capacity

per unit bandwidth. Their lower power requirements,

however, increase their susceptibility to interference.

The COMSAT presentation material is included here

as Appendix IX.

C. INTELSAT - International Telecommunications
Satellite Organization

The INTELSAT representative presented a market

oriented discussion of INTELSAT analyses of the need for

small earth terminals for use internationally to provide

Interconnected Global Services. It was noted that what

most agencies consider a large terminal (i.e., antennas

with diameters of 30 meters) INTELSAT considered to be

a standard size whereas the medium size terminal of ten

meter or twelve meter diameter is considered to be a

"secondary standard" in INTELSAT. The INTELSAT presenta-

tion dealt with the question of secondary standard terminals,

their use and integration into the INTELSAT network.

A chart showing INTELSAT market penetration in

countries as a function of the size of their telephone

system was presented. The chart illustrated that even

in countries whose systems have as few as 100,000 telephones,



-18-

there is a 50% penetration. The data goes on to show

likely traffic demand in the three principal service areas

of INTELSAT and the tradeoff in cost between standard and

secondary standard terminals.

Anticipating that countries, not yet served by

INTELSAT with standard terminals, may wish to join the

network using secondary standard terminals, INTELSAT has

defined some possible control methods for achieving

compatible operations between the two classes of terminals.

These are listed in the briefing charts which are

Appendix X to these proceedings.

It was concluded by INTELSAT that the "INTELSAT

System is likely to cause less interference to systems

utilizing higher satellite EIRP and small terminals

than vice-versa."

Small systems operating in the INTELSAT system are

subject to controls within INTELSAT. In contrast small

terminals in other systems are viewed as likely sources

of large interference to INTELSAT and are not subject

to direct control of INTELSAT operations. Therefore,

it is an INTELSAT suggestion that limits on small terminal

operation, in general, need to evolve from CCIR and WARC

final acts.
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In this context, INTELSAT believes that likely
directions for decisions at the 1979 WARC would be:

o Limitations on off axis EIRP density

o Segregation of high density carriers to preferred
regions of the spectrum and low density carriers to other
regions of the spectrum

o Development of reference antenna patterns for
D/X smaller than 100.

o Protection ratios or criteria for interference
into modulation techniques other than FDM/FM.

D. Stanford University 

Some economic factors affecting technical sharing
decisions were presented by the Stanford University
representative. The comments were based on work performed
at Stanford and reported in a doctoral dissertation by
Steven P. Russell (Appendix XI).

It is the thesis of the Stanford work that efficient
use of the geostationary orbit and the radio spectrum is
not solely a matter of control of interference and antenna
size. In fact such efficient use is not an exclusive
question of spectrum conservation. Rather it is a function
of the least total cost of providing the desired services
and the determination of which steps should be taken and
when should they be taken to minimize that cost.

The basic resource in question is the product of the
3600 of orbit space and the finite amount of spectrum
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available to the various space services. This basic

resource is measured in units of gigahertz-degrees.

The work from which the Stanford presentation was

extracted was based on a survey of all of the various

techniques for improving efficiency of use of the spectrum

orbit resource. This survey was used to establish a

maximum capacity for the resource. The computed capacity

was compared to the requirements for the foreseeable

future and predicted to be far in excess of those

requirements. This prediction was based on the application

of the various spectrum orbit conservation techniques

such as multiple beams, frequency reuse, polarization

discrimination, efficient modulation schemes and larger

antenna diameters.

In this context, the question of orbit spectrum use

became not one of who should or shouldn't use the resource,

but rather who should adopt the most costly techniques to

assure availability of capacity.

The conclusions of the Stanford study are given with

detailed backup in Appendix XI. A summary of those

conclusions is quoted below:

o "When spectrum saving measures are needed, it is the

communication satellite systems with few ground stations,

each carrying a lot of traffic, that ought to take these

measures.



-21-

o "Candidates for spectrum conservation measures can be

selected by identifying those systems with a low intensity

of investment in spectrum use. This intensity is given

by the ratio:

Present Value of Satellite System Cost Stream
Total Orbit - Spectrum Used

o "Prohibiting small aperture ground stations is an

extraordinarily expensive way of conserving orbit-spectrum.

o "The capacity available at 4 and 6 GHz, without in-

curing significant spectrum conservation costs, is very

large. Consequently, expenditures for conservation measures

[in these bands] ought to be delayed.

o "If it is desired to relieve spectrum congestion by

"offloading" services to terrestrial facilities, it is best

to offload the trunk services.

o "Use of the 12 and 14 or 20 and 30 GHz bands should

be regarded as just another technique for relieving spectrum

congestion. In this role, these bands will probably be

most useful for trunk telephony applications."
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IV SUMMARY 

The thrust of the seminar presentations centered on

accommodation and conformance: accommodation of small earth

terminals in an environment already populated and oriented

toward large earth terminals and conformance (or lack thereof)

of those small earth terminals with criteria intended for

application to large terminals.

Systems utilizing "small" antennas ranging from 4 foot

to 30 foot diameters were described. Parabolic dishes as

small as fifteen foot diameter and horn antennas of even

smaller dimensions were described as complying with the

CCIR reference radiation pattern of 32 - 25 loge.

The requirements for SET's in support of a wide variety

of functional applications were highlighted. Applications

in the scientific and resources management areas were of

special interest because of the extremely widespread use

and large numbers of terminals involved. Literally thousands

of data collection locations are potential candidates for

terminals using such systems as GOES and ERTS. Perhaps

hundreds more may be expected to go into operation to use

the public services provided by the NESS.

Communications terminals, while not so numerous as the

scientific and data relay terminals, are nevertheless

ubiquitous. Moreover, the problem of sharing between "large"

and "small" is more intense in the communications area,
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because the development history has led to early establish-

ment of systems oriented toward large terminals and thus the

small terminal technology must try to "fit in."

In fact the question of sharing between "large" and

"small" in communications satellite applications has matured

to the point wherein many studies have been conducted and

much has already been added to the literature. But the

criteria for sharing and the necessary regulatory controls

have not been established.

During the seminar, the need to initiate action in

appropriate CCIR Study Groups was repeatedly emphasized.

Sharing criteria based on various grouping strategies were

proposed; papers expounding on these strategies should be

developed and funneled into the CCIR process. Only in this

way can the various ideas and opinions discussed at the

seminar receive broadbased technical scrutiny. Such scrutiny

and review is necessary to the establishment of rational

recommendations on an unquestionably international issue.

Questions raised but not answered during the seminar

included such factors as:

o Should presently allocated bands be broken up and

suballocated for separate use by small and large terminal

systems?

o Should grouping strategies on the geostationary orbit

be employed and if so what are the best strategies?
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o What are the quantitative advantages of cross

polarization, sidelobe control, more efficient modulation

techniques, etc.?

o What limits should be established for sidelobe

levels of small earth terminal antennas and for received

power flux densities?

o How should the economics of each proposed action be

best considered? Who shall pay and on what basis is that

decision made?

o What changes need to be made to present coordination

procedures in order to better accommodate large numbers of

small terminals?

o Where should the line be drawn to differentiate

large antennas from small antennas with regard to special

regulatory provisions?

o Should reverse frequency paterns be used to

separate small and large terminal systems?

Answers to these questions are not likely to come easily.

There are competing philosophies as well as diverse objectives

within the community of small terminal users. Care must be

taken less too much regulatory action inhibit the development

of these philosophies and objectives. Regulations that are

enabling rather than restrictive, that provide a "loose

harness" allowing some freedom of movement but always forward,

are to be preferred.



APPENDIX A

GOES SATELLITE SYSTEM CAPABILITIES;
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_Objectives of the GOES DCS Communication Program

VG6934

•••••••••.••• ••

• TO COLLECT AND DISTRIBUTE ENVIRONMENTAL
DATA MEASURED ON REMOTELY LOCATED,
ATTENDED AND UNATTENDED DATA COLLECTION
PLATFORMS (DCP'S) LOCATED ON LAND, AT
SEA, OR IN THE ATMOSPHERE

• COLLECT DATA IN A SIX-HOUR SYNOPTIC
PERIOD

• COLLECT DATA FROM A MINIMUM OF 10,000
DC P'S

• PROVIDE CAPABILITY FOR COLLECTING DATA
IN A ROUTINE OR EMERGENCY MANNER

O.... • • ••• ,.........,•••••••=•••mm.•01••.•••• r.11•• ••••••••••••••■• "10..0



To Meet These Objectives, the 
Command

and
Data Acquisition Station

at
Wallops Station, Virginia,

Will Have the Following Capability:

• CENTRAL MASTER TERMINAL

• CONTINUOUS DEDICATED OPERATION

• OPERATION KEYED TO A SIX-HOUR SYNOPTIC
PERIOD

• USER ACCESS FOR INTERROGATION AND
DATA DISSEMINATION VIA LAND LINES

• ON-SITE SURVEILLANCE OF LINK INTEGRITY

3c)

_ 41.

•

To Meet These Objectives, the DCP

%all...Jr • -.4

Will Be Provided with the Following Capabilities:

• EACH DCP IS CAPABLE. OF MULTIPLE
UNIQUE ADDRESSES

o DATA RESPONSES BOTH TIME AND
FREQUENCY ORDERED

• 6 TWO BASIC CLASSES OF PLATFORMS
- INTERROGABLE OR COMMANDABLE
- SELF-TIMED OR PROGRAMMABLE

• EMERGENCY REPORTING CAPABILITY
PARAMETERS EXCEEDING A THRESHOLD

- UPON COMMAND FROM COMMAND AND
DATA ACQUISITION STATION

•



DATA COLLECTION SYSTEM .

USERS 4-

SEA BUOYS

BALLOONS

MERCHANT VESSELS

System Specification for the Down link
from Spacecraft to DCP

(Interrogated Platforms Only)

FREQUENCY

CHANNELS

UNIQUE ADDRESSES

MODULATION FORMAT

• DATA RATE

METHOD OF ADDRESSING

ERROR RATE

EMERGENCY REQUIREMENT

MAXIMUM NO. OF SYNOPTIC
INTERROGATIONS

MESSAGE RELIABILITY

VG6939

468.825 MHZ
468.8375 MHZ
1

>100,000

'1'60° PSK, MANCHESTER CODED

100 BPS, BINARY

TDMA WITH BASELINE REQUIRE-
MENT FOR SIX-HOUR SYNOPTIC
PERIOD

1 PART IN 106

TIME SLOTS RESERVED FOR
PRIORITY INTERRUPT

45,000/SIX HOURS

PROBABILITY OF CORRECT
RESPONSE > 0.999966

PROBABILITY OF FALSE
RESPONSE <1.36 X 100 •



System Specification for the Uplink

from DCP to Spacecraft

(Interrogated Platforms Only)

FREQUENCY

NO. OF CHANNELS

CHANNEL SPACING

METHOD OF RESPONDING

CODE FORMAT

BIT RATE

ERROR RATE

MODULATION FORMAT

EMERGENCY REQ U I REMENT

VG6940

401.850 MHZ TO 402 MHZ

100

1.5 KHZ

TDMA/FDMA

ANSC I I

.100 BAUD

1 PART IN 106

± 600 PSK, MANCHESTER
CODED

FREQUENCY CHANNELS
RESERVED FOR
RESPONSES TO:

• EMERGENCY COMMANDS

• PARAMETER MEASURES
EXCEEDING PREDETERMINED
THRESHOLD

System Specification for the Uplink

from DCP to Spacecraft

(Self-Timed Only)

FREQUENCY

NO. OF CHANNELS

CHANNEL SPACING

METHOD OF RESPONDING

CODE FORMAT

BIT RATE

ERROR RATE

MODULATION FORMAT

SYNOPTIC INTERVAL

401.7 MHZ TO 401.85 MHZ

50

3 KHZ

TDMA FDMA

ANSC I I

100 BAUD

1 PART IN 106

*.,t 60° PSK, MANCHESTER
CODED

1 TO 12 HOURS IN ONE
HOUR INCREMENTS.

MINIMUM NO. OF RESPONSES 17,000/SIX HOUR PERIOD
FOR ONE YEAR UNATTENDED
OPERATION

EMERGENCY REQUIREMENT

.941.

FREQUENCY CHANNELS
• RESERVED FOR

RESPONSE AS A
RESULT OF A PARAMETER
EXCEEDING A PRE-
DETERMINED THRESHOLD

•



DCP Radio Set Specification Fixed Locations

PARAETER SELF-TIMED INTERROGATED ,.

• FP.EOUP:CY

RECEIVE N/A 468. 825 A4HZ

TRANSMIT 401.7 MHZ TO 401.85 MHZ 401.85 MHZ TO
402 MHz

• NO. OF CHANNEL

RECEIVE N/A 1 •

TRANSMIT 50 100

• g.ODULATIO% 1TECHNIQUE ± 60° PSK MANCHESTER ±60° PSK
MANCHESTER

• TRANS%1ITTED POI:1ER

• STAr.DBY PMER DISSIPATION

• RECEIVER SCNSITIVITY

• A:.TEr.7A

• SUPPLY VOLTAGE

• TEPEP.ATUP.E RANGE

• SIZE

• V,EIGHT

V,S692

5 WATTS

<100 MW

N/A

5 WATTS

<200 MW

-130 DBM

HELIX, RH CIRCULAR POLARIZATION

13 DB, 60° 6W @ 3 DB POINTS

5V, 12.5V 5V, 12.5V

-20°C TO 50°C

15.63" X 21.63" X 12.88"

12.07 POUNDS LESS
CHASSIS

^••••••111 11.1•••••••••••• IMPen••• •••••••••••••••••••••••• •••••-••••

DATA COLLECTI011
PLATFORM RADIO SET

V01471

12" INSIDE

- 4- - • " •
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SMALL EARTH TERMINALS USED BY NESS

by

John J. Nagle

Office of System Engineering

NOAA/NESS

NESS has five types of systems using small earth terminals.
These are:

1. APT from orbiting satellites
2. WEFAX from stationary satellites
3. DCS platforms
4. TARS (housekeeping service)
5. SFSS (Satellite Field Service Station)

The DCS platforms have been described by Mr. Puerner; I
will describe the other four. Of these five, three are
Intended for direct use by the public, and two of these three
do not require the permission, or even knowledge of the
Satellite Service. Because of this, new small earth terminals
can come and go with little, if any, advanced knowledge of
the Government. The fifth is intended for professional meteorologists.

1. APT (Automatic Picture Taking)

Historically, the first direct readout type of service
was APT. With APT, orbiting satellites transmit facsimile
pictures of the cloud cover within view of the satellite.
Thus, a suitable equipped ground station can record in
real-time the weather conditions within a radius of a few
hundred miles of the ground station. This service has
proven to be very popular with the public. It is estimated
that there are about 800 APT ground stations around the
world. Equipment requirements are very modest; a 10dB Yagi
antenna and a 6dB noise figure receiver with a facsimile
recorder capable of tuning 136-138 MHz are all that is
required. Figure 1 is a view of typical APT equipment, while
the second slide is an APT image taken over Italy.

2. WEFAX (Weather Facsimile)

WEFAX is a service that uses geostationary satellites
to rebroadcast cloud cover imagery that has been computer
processed on the ground. At the present time, ATS-1 and

3 broadcast WEFAX in the 136-138 MHz region. The SMS/GOESfamily of geostationary metsats, as well as metsats planned
by ESA, the USSR and the Japanese will all broadcast WEFAX
on 1691 MHz. The signal characteristics and format for
WEFAX are the same as for APT so that the same equipment
can be used for APT, and VHF WEFAX. A simple frequency
translator can be used to convert the 1691 WEFAX to VHF
frequencies for VHF equipped stations. A 2 to 3 meter
paraboloidal antenna is adequate for the 1691 MHz
frequencies, depending on the input noise figure of the
translator.

When the GOES satellites became operational, it was expected
that the VHF WEFAX would be discontinued; however, due to
"popular demand" it is now expected that the VHF broadcasts
will be continued as long as the ATS satellites are viable.
When these satellites fail, all WEFAX will be on 1691 MHz.
It is estimated there are approximately 175 WEFAX users at
the present time. Typical APT and WEFAX users are
educational institutions, TV stations, ships at sea, amateur
meteorologists as well as small, isolated met stations.

Figure 3 shows a photo of an image photographed by an
orbiting satellite which was transmitted to a CDA station.
Latitude and longitude markings as well as geographical
outlines were computer added on the ground and the image
rebroadcast on WEFAX. Baja California is in the upper
right-hand corner. Figure 4 shows an image taken by an
SMS satellite at about 75° West Longitude. This
photograph was received by a teenager, using the home-made
equipment of Figure 5. Figures 6, 7, and 8 show a WEFAX
installation at the airport in Trinidad.

3. TARS (Turn-Around Ranging System)

The TARS is strictly a housekeeping system used to
determine the position of the satellite. A tone is trans-
mitted from the CDA station to the satellite. This tone is
both returned to the CDA station directly, and also
retransmitted to a TARS station and then returned to the CDA
station through the satellite. By using two TARS stations
and measuring various phase shifts, the position of the
satellite can be determined to within a few hundred meters.
The tone may vary from 35 Hz for coarse ranging to 200 KHz
for fine ranging.

TARS stations are presently located in Seattle, Washington;
Honolulu, Hawaii; Santiago, Chile and Ascension Island. The
TARS station in Honolulu is seen in Figure 9, and the Seattle
TARS in Figure 10. The characteristics of these stations
are summarized in Figure 11; antenna patterns, as provided
by the manufacturers, are shown in Figure 12 and 13.

- 2 -



4. SFSS (Satellite Field Service Station)

The fifth and last type of small earth terminal in use

Is the SFSS. This terminal provides high resolution imagery

and is intended for professional meteorologists.

The GOES satellite is spin stablized with its axis
 parallel

to the earth's axis; it spins at about 100 rpm fro
m East to

West across the earth's surface, and each line
 of high

resolution imagery is transmitted to the CDA g
round station

in real-time. This requires a data rate of 28m bi.s/sec.

In order to receive this high a data rate
 with an acceptable

error rate, the CDA Ltation requires a 
20 meter antenna with

a cooled parametric amplifier. This is a fairly elaborate

and expensive installation. To enable smaller and less

expensive ground stations to receiv
e high resolution images,

the burst of data as received is
 "stretched" at the CDA

station from about '30m sec., to 
540m sec. This results in

a much lower bit rate. The stretched data is then retrans-

mitted back to the satellite 
during thenext 540m sec., for

relay to the ground where it can 
be received, typically, by

an 8 meter antenna and an am
bient temperature parametric

amplifier, which is a cons
iderably less expensive installation

than the equipment,%required to
 receive the high data rate

imagery. In this manner the GOES 
satellite is used to relay

its own data at a much lower 
data rate. This type of data

is intended for use by regiona
l weather stations in this

country, or the principal 
weather facility in smaller

countries. The SFSS receives in the 
1680 MHz region. A

brief outline of the "in pla
ce", measured antenna character-

istics for these systems is 
given in Figures 14 and 15.

(Note: We can supply detailed 
pattern measurements to anyone

interested.)

So much for the different type
s of small earth terminals

• used by the Satellite Service; 
how do these effect our

frequency coordination problems?
 As metsats operate on

frequencies exclusively reserv
ed for meteorological purposes,

we do not have the hassle of the 
4/6 and 7/8 GHz bands.

Our biggest coordination type 
problem is a power-flux-density

problem with WEFAX and TARS in th
e 1690 MHz region. With

WEFAX, the higher our PFD, the 
cheaper the SET can be made.

With the GOES satellites in their 
present position, one

country has objected and this is 
being negotiated.

The TARS presents a slightly d
ifferent problem since this

signal consists of single tones 
instead of a continuous

spectrum so that the transmitted 
signal consists of a series

of impulse functions in the freq
uency domain; this may be

more or less objectionable dependin
g on the terrestrial system.

- 3 -

Also, since the TARS, signals are of little direct benefit

to users, the political situation here is somewhat

different. We are, however, hopeful of being able to

clear these problems in the future.

From the above material, it can be seen that the National

Environmental Satellite Services uses a wide variety of

small earth terminals, including receive only terminals,

transmit only terminals, and terminals that both transmit

and receive.

- 4 -



FIGURE 1. Equipment required for a typical APT
Station
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FIGURE 2. This is an APT image taken over Italy.
The reference mark in the center is
approximately over Rome; Corsica and
Sardinia are to the left of Italy and
the Swiss Alps are under cloud cover
at the top of the image.
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FIGURE 3. A WEFAX picture taken over the Pacific.
Baja California is seen outlined in
the upper right-hand corner.
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FIGURE 4. A portion of a full earth disc as taken

by an SMS/GOES satellite. The image

was computer processed on the ground

to add the geographical outlines and

retransmitted as WEFAX. This image
was received by a teenager shown
in FIGURE 5.



This teenager, using the home made
equipment shown received the image
in FIGURE 4.



'FIGURE 6. This photograph shows the 1691 MHz

WEFAX antenna at Piarco Airport,
Trinidad.



FIGURE 7. The VHF WEFAX antenna at Piarco Airport,
Trinidad, is shown here.



FIGURE 8. The "inside" receiving, recording and

monitoring equipment at Piarco Airpor
t

is seen in this figure.





AL
FIGURE 10. The Seattle, orashinguon atiou

is located in the Olympia Mountains

west of the city of Seattle.
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TARS I AND II LINK ANALYSIS

3 dB BANDWIDTH = 1.00000E106 Hz

HIGHEST RANbE TONE FREQ = 200000.00

CDA TRANSMITTER POWER = 48.0 dBm

LINK 1
CDA
TO S/C

LINK 2 LINK 3
S/C TO TARS
TARS TO S/C

LINK 4
S/C TO
CDA

TRANSMITTER POWER (dBm) 48.00 43.00 46.00 43.00
X-PONDER POWEIZ SHARING LOSS (dB) .00 -0.57 -1.13 -28.03
TX LINE LOSS (dB). -1.60 -3.40 .1.70 -3.40
TX ANTENNA GAIN (dB) 48.00 19.10 31.80 19.10
EIRP (dBm) 94.40 58.13 74.97 30.67
TX OFF BEAM CENTER LOSS (dB) -1.00 -2.50 ' -3.00 -1.60
(ANGLE IN DEGREES) 0.25 9.00 2.20 7.00
FREE SPACE LOSS (dB) -190.20 -189.50 -191.10 -188.60
POLARIZATION LOSS (dB) -0.20 -0.20 -0.20 -0.20
RX ANTENNA GAIN (dB) 13.40 30.40 13.40 48.00
RX OFF BEAM CENTER LOSS (dB) -1.40 -2.40 -2.80 -0.70
(ANGLE IN DEGREES) 7.00 2.20 9.00 0.25
RX LINE LOSS (dB) -4.50 -0,70 4.5 -0.40
RX INPUT POWER LEVEL (dBm) -89.50 -106.77 -112.73 -112.83
SYSTEM NOISE TEMPERATURE (dB-K) 32.12 28.00 32.12 20.00
BOLTZMAN'S CONSTANT (dBm/Hz-K) -198.60 -198.60 -198.60 -198.60
RX INPUT NZ (dBm/Hz) -166.48 -170.60 -166.48 -178.60
RX INPUT C/NZ (dB-Hz) 76.98 - 63.83 53.75 65.77
OVERALL.C/NZ (dB-Hz) 76.98 63.62 .53.32 53.08
RECEIVER BANDWIDTH (MHz) ' 12.00 1.00 12.00
RECEIVER BANDWIDTH. (dB) 70.79 60.00 70.79
RX OUTPUT C/N OR C/SIGNAL (dB) 6.19 3.62 -17.47
LIMITER IMPROVEMENT • (dB) 2.31 1.65 -2.02
TX OUTPUT C/N (dB) . 8.50 65.27 19.8
C/NZ OUTPUT (dB) 79.29 65.27 50.8 50.67
MODULATION LOSS (dB) -2.20
S/N OUTPUT . 48.97
TWO-WAY RANGE TIMING ERROR (SEC) 2.22 NANOSECONDS
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FIGURE 11. TARS LINK ANALYSIS
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