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FOREWORD

This report was prepared by Mr. Wade T. Hunt (AFWAL/AAAD) of the
System Avionics Division of the Avionics Laboratory, under Project 1227,
“Communication Systems Concepts and Technology." The work was done to
demonstrate the value of being able to simulate satellite communication
11nks in a controlled laboratory environment such as CSEL. The simula-
tion can be repeated many times which cannot be done {n flight testing
in a cost effective manner.

The help and suggestions by Mr. Allen L. Johnson in writing and
organizing the text is greatly appreciated. Also, the help of Mr. Arnold
Feineman, Mr. William Jardine, Mr. Steve Thompson and Ms. Susan Pfaad,
all formerly with Systems Research Laboratory (SRL), and Mr. James T. Zurn
(TRW) in making the measurements {is greatly appreciated.

SRL has a contract for service and maintenance of the CSEL facility
and TRW has a service contract for service and maintenance of the modem.
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SECTION I
INTRODUCTION

Amplitude fluctuations believed to be caused by variations in fono-
spheric structure are termed scintillation fading. It 1s dependent on
radio frequency, geographic position, and geomagnetic conditions.

Since scintillation fading characteristics change rapidly, it is very
F difficult to determine the long term effects of ionospheric scintillation
' fading on a particular modulation/coding scheme. In order to measure the
effects of scintillation fading on bit-error-rate or acquisition time 1t
{s necessary to have a consistent type of scintillation fading pattern for
a long enough period of time to get an adequate data sample.

Because the acquisition time of modems may take from one to five
minutes, 1t would be necessary to have scintillation fading characteristics
to remain constant for a period of four to eight hours in order that a good
sample might be obtained.

The alternative is to record the UHF signal level of the scintillation
fading and use the recording to vary the signal level of a signal simulator.
This would allow reproduction of short, consistent segments of fading over
and over again in order to get sufficient sample size.
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SECTION II
TEST PROCEDURE

The Avionics Laboratory Communication Systems Evaluation Laboratory
(CSEL) 1s equipped with a Lincoln Experimental Satellite number 8 & 9 (LES
8/9) satellite simulator, Figure 1, which can generate a UHF downlink signal
with the LES 8/9 modulation. The downlink signal is a 660 btt encoded
message at 150 bps data rate. The MD 1004 UHF modem decodes the message
and outputs a 40 character, 75 bps teletype message (Reference 1). A
drawing of the test setup for the scintillation fading simulator {is shown
in Flgure 2.

For the forward 1ink simulation the concept is to generate a forward
T1tnk message 1n the LES 8/9 simulator and then attenuate the output using
a digitally controlled pin diode attenuator driven by a reproduction of
the UHF scintillation fade signal level. The 660 bit encoded/interleaved
forward 1ink message 1s repetitively sent from the LES 8/9 simulator to
a Spectrum and Interference Generator (SIG) (Figure 3). In the SIG, the
signal 1s down-converted to 560 MHZ and attenuated with a pin diode
attenuator. The scintillation information is originally recorded on a
14 channel analogue magnetic tape recorded during a flight test typically
to the polar or equatorial region. Ten minute samples of the data are
selected in order to give a representation of rapid, medium, or very slow
scintillation fading as shown in Figure 4 (Reference 2). The data is
transcribed from the tape recorder and stored on a disk pack and fed into
a3 PDOP-11 computer. The PDP-11 computer derives the necessary output
voltage to operate the pin diode attenuator and reproduce the scintilla-
tion fading. After the pin diode attenuator, the signal is mixed down to
the UHF frequency 2nd output. The output signal is fed into the Rooftop
Fac111ty (Figure 5), and then through a manual attenuator to adjust the
absolute signal level. Then the stgnal is fed to a UHF transceiver in
the Rooftop Facility. The UHF transceiver dehops the frequency hopped
signal and down converts it to a 70 MHZ IF where it is fed to the UHF
modem (Figure 6). The modem completes the dehop procedure, deinterleaves,
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decodes, and prints out the teletype message. The 40 character teletype
message used in the simulatfon is "SCINTILLATION FADING SIMULATION AFAL
AAD". The decoder generates a 1ink quality indication which {dent{fies
the number of channel errors corrected by the decoder. The 1ink quality
1s a measure of the channel error rate prior to decoding. The 1ink
quality 1s available visibly on a LED display and can be recorded on
magnetic tape for later analysis.

The Programmable Signal Processor (PSP), Figure 7, which is used to
simulate the LES 8/9 satellite configuration, was set to generate a 700
MHZ IF signal that is converted to 560 MHZ with the frequency converter
in the Spectrum and Interference Generator (SIG). The 560 MHZ signal
1s converted to L Band in the SIG and then converted to the UHF frequency
of 242 MHZ in the signal combiner. The output (242 MHZ) from the signal
combiner is sent to the Rooftop by coaxial cable where the signal is
attenuated to a level of -120 dBm for reference. The UHF signal is
converted to 70 MHZ by the radio and fed into the single modem. At a
level of -120 dBm, signals from the single modem are received error free.
Figure 8 is a sample of an error free copy of the received message. The
signal was then reduced in 3dB steps and the 1ink quality was recorded
at each 3dB step until the modem lost Tock. Figure 9 is a sample copy
of a message containing errors. A curve for simulation under nonfading
conditions is shown in Figure 10.

Fading was then added to the signal using a 10 minute sample of
scintillation fading signals (taken during the 17 March 1977 flight test),
Figure 11, which drives a digitally variable attenuator to cause the
output UHF signal to vary in accordance with scintillation fading rate
and depth. When set up for the fading condition, the signal level into
the single modem was set at a -107 dBm level.

The fading data used is a 10 minute sample of medium rate fading
(perfods of 2 to 5 seconds). The data (amplitude variations) was digi-
tized by the 4950th Test Wing data reduction facility on a 7-track
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digital tape at a sample rate of 20 samples per second. The tape is then
converted to a 9-track digital tape which 1s compatible with the CSEL tape
playback equipment. The 9-track tape 1s used to load the disk memory in
CSEL. The fade duration used in the simulation lasts for approxim:tely

10 minutes. The disk information 1s used by the PDP 11/50 computer to
generate the analog voltages to drive the pin diode variable attenuator

in CSEL 1in one dB steps. This 10 minute sample of data is shown in Figure
12.

The 1ink quality is measured for a -107 dBm signal level after which
the signal level to the modem is reduced in 3dB steps and measurements are
made until the power is reduced to a level where the single modem cannot
maintain lock. Figure 13 is a curve of simulation with fading added to
the signal (Reference 3). The link quality numbers on the graphs of Fig-
ures 10 and 13 are generated by counting the information bit and parity
bit errors. This count is used as a "quality" indicator for the communi-
cation 11nk. A count of 00 indicates no errors and a large number indi-
cates many errors. The maximum number that can be displayed is 77 octal
which equals 63 decimal.

Due to the steepness of the Bit Error Rate (BER) curve as the signal
level 1s decreased (attenuation increased), the 1ink quality curve changes
from a convex shape to a concave shape as the BER threshold is reached
(around 37 dB attenuation on Figure 10 and around 30 dB attenuation on
Figure 13).

Figure 4 is a plot of the Forward Link percent Message Copy for both
fading and non-fading conditions (Reference 3). Curves of actual data
taken during a flight test during March 1979 are shown for comparison
(Reference 5).

The signal acquisition test consisted of setting up an unfading sig-
nal level and measuring acquisition time. The inftial reference level
was set at -107 dBm. Next, the signal level was reduced in 3dB steps
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until the acquisition time became extremely long and finally the UHF
modem was unable to maintain a lock to the signal. The signal was then
set to its nominal level of -107 dBm and fading was added to the signal.
The process was repeated by reducing the signal level in 3dB steps until
; no acquisition occurred. Figure 15 is a plot of the results. Also,
tests were conducted with a fixed level of -124 dBm and samples of data
under non-fading and fading conditions were taken. A range of acquisi-
tion times was determined for both the fading and non-fading situations.
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SECTION III
TEST RESULTS

Using the UHF scintillation fading simulator a variety of output
data 1s obtained. For the forward 1ink measurements the curves of the
channel error rate, as indicated by the Tink quality indicator, are shown
in Figures 10 and 13. Figure 10 is a baseline curve without fading and
Figure 13 1s a curve showing the effects of the simulated scintillation
fading. A curve of the percent error-free messages received versus
average signal level 1s shown in Figure 14. This curve indicated the
difference between no fading and scintillation fading. A plot of actual
fl1ight data 1s also included on this curve.

Figure 15 1s a curve of the acquisition time for a particular UHF
modem at a nominal signal level with and without fading.

Acquisition times varied from 17 seconds to 58 seconds with no fad-
ing on the signal. The mean for the sample was 30 seconds. With fading
on the signal, acquisition time varied from 18 seconds to 358 seconds.
The mean was 57 seconds. A frequency distribution for both the fading
and non-fading conditions are shown in Figures 16 and 17. Figures 18
and 19 are aisc plots of acquisition time statistics indicated (Reference
4).

e
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SECTION IV
CONCLUSIONS

In order to validate the simulation, a comparison was made between
actual bit-error-rate and channel quality (1ink quality) data taken during
the equatorial scintillation testing and during the simulation period.

In Figure 14 a dashed curve, derived from actual data taken in equatorial
tests 1s superimposed on the simulation data. The accuracy with which
the simulated data reproduces the actual data 1s very close. A baseline
was established and measurements were made using a sample with medium
scintillation. The acquisition time data seems reasonable for medium
rate scintillation. Future testing will involve slow and fast scintilla-
tion as well as more testing on medium scintillation. The results are
for the simulation of amplitude effects of the scintillation only. A
phase measurement capability has been installed in CSEL where multipath
effects as well as amplitude effects may be evaluated.
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SIGNAL INTERFERENCE GENERATOR

LES 8/9
SATELLITE SIMULATOR 700 miz
GENERATES 660 BIT
ENCODED/ INTERLEAVED | T TEQUENCY HOPPED
FORWARD LINK MESSAGE
PROGRAMABLE LOCAL
SIGNAL PROCESSOR 560 mHz 98¢
PIN DIODE JATTENUATOR
PDP/11 uDc/11
COMPUTER D/A CONVERTER
0-10V OUTPUT
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0sC
242.€6 mHz
DISK FILE
UHF FREQUENCY HOPPED
OUTPUT WITH FADING
LINK
QUALITY
INDICATOR
MANUAL ATTENUATOR
T TO ADJUST LEVEL
OUTPUT CAN BE HARDWIRED
UHF TO ROOFTOP LAR OR
Y 49— UHF MODEM ["®{ TRANSCIEVER["™™ = RADIATED VIA UNF
ANTENNA TO AIRCRAFT
Figure 2. Forward Link Scintfllatfon Fading Simulation
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4 Figure 7. Programmable Signal Processor
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