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RFI CHARACTERISTICS OF A DELAY RELAY
SATELLITE SYSTEM

JOHN W. BRYAN
Goddard Space Flight Center

Summary    The use of geosynchronous satellites for relay of data from near earth
orbiting satellites is being considered by NASA. Since these relay satellites will have
directional antennas beamed toward the earth at all times any earth based emitter is a
potential source of radio frequency interference (RFI). An investigation has been made
in an effort to determine the magnitude of this interference. The information presented
here is based upon known frequency assignments and known equipment capabilities. All
data and analysis presented are for the continental U. S. only and in some respects
depicts a bleak picture.

Introduction    A vital area of the radio frequency communication field is concerned
with the utilization of the frequency spectrum. The expanding use of space
communications has brought new emphasis to electromagnetic compatibility. With each
new space communication system comes the search for an uncrowded portion of the
spectrum. Nobody wants to be surprised by interference after launch. The concept being
considered by the Goddard Space Flight Center -for the relay of data from multiple low
data rate user is simply to relay the entire frequency band used by these satellites.
Individual users will then be selected by narrowband demodulators on the ground. This
concept requires a relay repeater bandwidth of 2MHz.

User spacecraft signals received at a data relay satellite will be embedded in a
background of white thermal noise and in addition, be perturbed by undesired radio
frequency interference (RFI), co-channel or otherwise. The user signals, the magnitude
of user signal/noise ratios, and the nature and relative severity of RFI play important
roles in determining the performance of a TDRS system and establishing the design
parameters of the TDRS spacecraft repeater and ground control center.

Members of the Tracking and Data Relay Satellite (TDRS) system study group at
Goddard Space Flight Center (GSFC) have conducted a search and analysis of possible
sources of radio frequency interference (RFI). Since the TDRS uses an earth coverage
antenna at VHF, any earth based source with sufficient effective radiated power (erp)
will be a source of RFI. For this reason, a great deal of emphasis has been placed on the
investigations of this portion of the spectrum. RFI at S- and X-bands will be discussed



1 Data for this survey was supplied by The Electromagnetic Compatibility Analysis Center
(ECAC-A Joint DOD Center)

2 Private communication from Paul Heffernan of Goddard Space Flight Center

later in this paper. Frequency selection studies have indicated that the present 136-138
MHz band is ideal for communications between the unstabilized user satellite and a
synchronous TDRS. Since the unstabilized user is inherently a low power source as
much gain as possible in the TDRS antenna system is desired. A high gain antenna on
the TDRS at VHF requires the unfolding of a large structure in space. Fortunately the
unstabilized user is also a relatively low data rate user (10Kb/s or less). This requirement
combined with the large number of this type user dictates a design choice of a single
wide beam (26E) fixed orientation VHF array. The field pattern of the proposed VHF
antenna for the TDRS is graphically depicted in figure 1. The 26E beam is bored-sited on
the center of the earth. Thus, any sources on the earth’s disc, and aircraft immediately
above it, plus near earth orbiting spacecraft will be within the antenna field of view. The
interference effects caused by orbiting spacecraft can be virtually eliminated by various
means, such as frequency assignment, coding, time sharing, and so on. However, earth
based sources, including aircraft, are not under NASA control and, therefore, present a
major problem.

Survey and Analysis    A recent survey of possible sources of interference in the
136-138 MHz band has uncovered 72 potential RFI sources within the United States
alone.1 (If the band of interest is extended 500 kHz at both ends the number of possible
RFI sources increases to over 2000.)

Figure II shows the spectral distribution and the effective received power at the TDRS
assuming a 16 db antenna gain on the TDRS. This spectrum is predicated upon all
sources radiating simultaneously and being unmodulated. If these sources were
modulated the same mean square sum would result only the peaks would be reduced.

The mean square sum of the 72 sources is approximately -92 dbm at the receiver input.
Since the number of sources is large, the central limit theorem can be applied and a peak
to rms ratio of 12 db assumed.2 This leaves us with possible peaks of interfering power
as great as -80 dbm. While it may be argued that the circumstance of all 72 sources being
on and unmodulated at any one time is remote and, thus, the number unrealistic, the
author feels that an appropriate worst case must be considered in the design of a repeater
to operate in this environment. The “bent-pipe” concept of relay repeating calls for a
minimum of processing in the TDRS. The VHF relay as envisioned will receive and
relay the entire 2 MHz band from 136 to 138 MHz. Goddard has set a goal of a
maximum degradation of the signal to noise ratio (SNR) of one (1) db. The nominal
noise in this bandwidth with a 1000EK system noise temperature is -105.6 dbm. This



coupled with the above interference results in an effective input noise of -91.82 dbm. In
this environment a single user radiating 10 watts will be received with a SNR of -21.2
db. If one considers other spacecraft in the same frequency band this ratio will be further
reduced. A conceptual design of a linear repeater capable of maintaining the user signal
to noise ratio within the desired limits has been completed. Results of this design effort
indicate that while it can be done, some efficiency is lost due to the RFI requirements.

The above data is based upon a TDRS at approximately 80E west longitude and of
course zero degrees latitude. While this analysis does not claim to be complete, it is
representative of what might be expected.

An even more difficult RFI effect to design around is associated with the TDRS to user
command link. By comparison the user to TDRS link just discussed is relatively free of
RFI effects.

A survey of the space command band from 148 to 155 MHz discovered over 15000
potential RFI sources. While most of these do not emit at the NASA command
frequencies their combined spectral density is sufficiently great to cause concern of
adjacent channel interference. Many of these adjacent channel emitters radiate as much
as 600 watts from omnidirectional antennas. these represent significant (-75 dbm) input
power to the user command Once again, no one can predict which or how many of these
sources may radiating at any instant in time.

Co-channel interference also may be represented as a bleak picture TDRS. A sample
listing of these potential RFI sources within ±50 kHz presently assigned VHF command
frequencies is given in Table I. This represents the continental U.S. only. A cursory
inspection of this table shows that commanding in presently used 148.25, 148.26,
148.54, and 149.52 should be difficult. At present several of the NASA spacecraft are
experiencing severe interference at these command frequencies. Using command
receiver agc reading as an indicator, interference as high as -40 dbrn has been reported
by the OSO program. The OAO program has reported several instances in which the
command code was not recognized by the spacecraft. This they believe to be due to
interference sources inserting erroneous bits into the system. The operational satellite
NInUS has reported receiver saturation in their command system over portions of the
globe.

A combination of the recent RFI survey and of interference reports from ongoing
programs, indeed, leaves an impression of impossibility of command capability from
even an earth based high power command system.

Today command receivers on most spacecraft are somewhat desensitized in an effort to
overcome the 10 to 100 watt interference sources. This method is acceptable when the



actual command transmitter has several kilowatts of erp and a few hundred miles range.
Neither TDRS spacecraft nor any other spacecraft can afford such substained power
levels even considering 1972 technology.

If the TDRS system is to command user sp acecraft in the VHF range, a search for a less
crowded portion of the spectrum must be made. Even a less crowded frequency band will
require some unique command.signaling technique to solve the problem precipitated
when several users are simultaneously within the TDRS antenna beam. This problem of
simultaneous illumination of several users while accessing only one may perhaps be
resolved by the same spread spectrum and coding schemes proposed as solutions to the
multipath problem.

A preliminary investigation of the RFI problem at S- and X-bands is also underway.
Here RFI is reduced by the use of directional antennas. Since most of the higher
frequency users are also high bit rate users, directional antennas are a must. Also, these
high bit rate users are the larger spacecraft that can afford the higher power.required by
Traveling Wave Tube Amplifiers. The survey thus far has uncovered many potential RFI
areas on the globe in this frequency band.

Perhaps the biggest help in these frequency ranges is the fact that the potential RFI
sources also use directional antennas. It is felt that a judicious choice of operating
frequency in either or these bands will almost eliminate the RFI problem.

NASA, along with industry, is now in the process of investigating methods, approaches,
clear channel requests, or anything else that might aid in the reliable transmission of data
from a user to the earth and command security from the earth to a user using a
synchronous satellite.

Conclusions     As stated earlier, a linear repeater for the user-TDRS-earth link has been
designed to operate in the known RFI environment. This linear repeater is very
inefficient. The high peak power required to linearly reproduce the RFI is some thirty
(30) db above that required for the user plus noise. However, it can be done.

Several experiments have been proposed for flux measurements on a worldwide basis.
The results of actual flux measurements may decrease or increase the RFI intensity
presented in this paper. However, this type of information must be available before a
finalized system can be designed.

The earth-TDRS-user command link also requires more information before an operable
command system can be designed. Experiments have also been proposed for the 148-156
MHz band in an effort to obtain sufficient information concerning clear channels or
coding schemes that may prove reliable.
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TABLE I
EFFECTIVE RADIATED POWER PER EMITTER IN WATTS



 TABLE I
(Continued)

1) An equivalent mean square sum of these emitters is not meaningful since a user
will not be exposed to all of them at one time.

2) The NASA command transmitters have been excluded from this listing.
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