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1. BACKGROUND

1,1 Introduction.

1~1.1 This document reports the results of tests performed on the
Defense Communication System (DCS) microwave radio system modified
for three-level partial response, operated over multiple -hop microwave
links. The US Army Communications—Electronics Engineering Installation
Agency (USACEE IA) was assigned the task of establishing a four-path
microwave complex , including an 80—mi le line—of—sight link to collect
propagation and system engineering data in support of the Digital
European Backbone (DEB) Stage I Program. Thi s system was tested as
part of the US A rmy Communications Command (USACC ) Digi tal Transmission
Evaluation Project (DTEP) during the period of May 1976 to May 1977.

1.1.2 USACEEIA was authorized to perform this mi ssion by Department of
the Army messa ge, DAMO-TSC-T, 272l45Z Jun 75; and US Army Communication s

S Systems Agency (USACSA) message, CCM-SP-C, 25l936Z Jul 75. USACSA , Fort
Monmouth , New Jersey Is respánsible for managing the DTEP. Conduct of
the tests was tasked to the US Army Electronic Proving Ground (USAEPG),
Fort Huachuca, Arizona ‘under the technical guidance and supervision of
USACEE IA , Fort Huachuca, Arizona.

1.2 App roach tp the Task.

1.2.1. Some DEB m icro~~ve links exceed 50 miles in len gth an d cove r
mountainous terrain. To simulate this condition work was initiated in
July 1975 and completed in May 1976 establishing a four link configuration
with terminals at Mount Lemon near Tucs on, Ari zona ; Mule Mountain near
Bisbee , Arizona , Fort Huachuca (CIA) and Site Sibyl near Benson,
Arizona. Figure 1 is a simplified map which illustrates the geometrical
and topographic configurations of the four terminals. Table 1 lists
the four microwave paths and their respective lengths in miles . Figures
2 through 5 are photographs of each of the four terminals used in this
study.

Table 1, Microw ave Paths and Len gths

PAT H DISTANCE

CIA - Site Sibyl 32.1 miles

Site Sibyl - Mount Lemon 47.3 miles

Mule Mountain - Mount Lenmion 82.0 miles

Mule Mountain .- CIA 23.7 mIles
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1.2,2 To establish the priorities of engineering and testing, the
areas of investi gation were initially di vided into four categories .
Catego ry I included data collection and preliminary engineering analysis
of received signal levels (RSL’s), fade margins, fade depths, fade rates,
fade dura tions , bit error rate (BER) vs RSL, mul ti plexe r reframes, and
baseband repeater operation. Category II incl uded data collection and
engineering analysis of cross-polarization, space diversity receiver
swi tching and three—level logic violations , as well as final engineering
analysis of long—term studies initiated in Category I. Category III
encompassed study of power spectrum, carrier-to-Interference effects,
correlation of short and long paths , and further tests of multiplexer
perfo rmance. Evaluation of a degradation monitor and baseband impulse
noise were addressed under Category IV. At the completion of Category
I testing , test priorities were reevaluated and Category III and IV
we re eliminated. Category X I  was modified to include expanded noise
testing and evaluation of the degradat~on monitor.

l~3 General Test Object ives. The purpose of these tests performed on
the DEB COlItI S link is to establish a data base and performance assess-
ment of a similar microwave system in advance of the final Implementation
of DEB Stage 1. These tests measure the key parameters of partial
response t ransmission over a microwave line—of—sight link. Compari son
of actual measurements of RSL availability to mathematical predictions
establish the val idity of those models, and confidence in the relia-
bil ity of simi lar path predictions. Measurement of fade depths, rates ,
and durations forms a basis to calculate space di versity availability ,
expected BER availability, and correlation of error occurrence. BER
vs RSL computations are the basic mode of system performance assessment.
Baseband repeater performance indicates the feasibility of operating
long links without the regeneration of data at each term inal. Multi-
plexer assessment identi fies possible sources of error generation and
can provide a valid Indication 0f system quality before errors occur.

1.4 Simimary of Findinqs. Long term results (ove r nine months) show
a close correlation of measured RSL performance and predicted RSL
performance. Proviously reported short term data was apparently for
the worst performance period. The number of fades recorded for one
direction of transmission differed significantly from those recorded
for the opposite direction of transmission on the long link. Space
diversity operation resulted In Improved perform Qce . The ayç rage

S bit error rate at P!4T and PIlL sites was l . llxlO’’  and 2x l 0’ ’  respectively.
After e1~ht flnks of repeaters without data regeneration a BER Of
l.85xl0 ° was measured, but the final terminal fade margin of 10 dB

( 7



indicates a low availability for this performance. Multiplexer violations
occurred when errors did not occur , and as violations increased, errors
occurred , but without a precise correspondence. The Baseband Degradation
Monitor (BDM) achieves Its goal of providing an analog indication of
link degradation of a digi tal baseband for a single link. The use of
the BDM to monitor a multi—hop link is questionable. Cross-polarized
transmission maintained a mean isolation of 24 dB. The NPR test procedure
in the technical manual for the AN/FRC—162 is incorrect and should be
el iminated. The specified value of 55 dB cannot be achieved at the
baseband loading of +2.5 dBm.

2. GENERAL

2.1 Desc ription of Equipment.

2,1,1 The primary equipment used in thi s test included 10 11-4000
multiplexers , six AtI/FRC—162 radio systems , and two AN/FRC-l65 radio
systems.

2.1.2 The Tl—4000 is a time di vision multi plexer (1DM) that accepts
eight individual Ti lines , each at a nom ina ’ rate of 1.544 Mb/s. The
multiplexer uses bit stuffing to cause all lines to attain a common rate,
and low pass filte rs the resultant nonreturn to zero (NRZ) data stream
to produce an analog partial response signal. Data is recovered in the
receiver by passing the partial response waveform through amplitude
slicers , and the resulting square wave s from the high level and low
level slicers are sent to an NRZ converter. The multiplexer uses a
shift register scrambler to randomize the bit stream, which prevents an
energy concentration at discrete frequenci es in the transmitted RF
spectrum.

2.1.3 The AN/FRC-162 is a one watt, frequency modulated radio system
that operates in the 8 GHz band. The radio contains an on-line transmitter

S 

and receiver, a hot standby t ransmitter , and an errorless baseband switched
diversity receiver. The baseband has been designed to accept an analog
partial response signal with a bandwidth of 6.3 MHz. The serv ice channel
and supervi sory channels are inserted in the baseband at 8.1 and 8.5 MHz.
The output radio frequency (RE) spectrum Is conf ined to a 45 I4~z bandwidth
by a 45 MHz bandpass filter and a modulation index of 0.5.

2.1.4 A traveling wave tube (TIlT) final amplifier is added to the AN/FRC-l62
to produce a five watt transmitter. In this configuration , the radio is
identifi ed as the AN/FRC—l65.

2 ,2 Sinnary of AN/ FRC—l62 Tes t Results. 
5

2.2.1 The N4/FRC-l62 radio system is the heart of the DEB Stage 1 eq’iip- S

ment and therefore of primary Interest. For a thorough discussion of



testing and engineering analysis, the reader should refer to Di gital
Transmission Evaluation Project~~N4/FRC—162 Test, Final Report, CCC-CED—

• 76—DTEP—011, publ ished May 1976.

2.2.2 The BER vs RSL curve showed a performance variation among four
• 1 radio combinations of 2.5 dB, which was partially dependent on alignment

of the transmi tter-receiver combination and differences In noise figure.
The best combination yielded a curve displaced 3.5 dB from the referenced
theoretical limits. These relationshIps are depicted in Figure 6.
Resistance to co-channel Interference varied, with a 2 dB degradation
apparent at a carrier-to—interference ratio (C/I) equal to 18 dB and
8 dB degradation apparent at C/I equal to 12 dB. The worst Interference
effects under conditions of swept frequency interference occurred at
6.3 MHz from the carrier frequency. If FCC out-of-band limitations had
been required, the spectrum would not have met the 14 MHz mask. The
first shoulder would require up to 10 dB additional attenuation for
compliance. The 99% power bandwidth was 12 MHz. The errorless receiver
diversity switch operated error free under normal conditions at high
and low RSL’s.

2.2.3 Avai labilities of va rious BER’ s over the CIA to Site Sibyl micro-
wave link are plotted In Figure 7. This display indi cates degradation
due to the path and operational considerations not accounted for in
back—to— back tests . 

S

S 
2.3 Test Methodology and Limitations.

H2.3.1 The procedures in testing equipment and sys tems followed a
- 

published test plan adapted from standard practices as. established in
Technical Evaluation Line of Site and Troposcatter Links, DCS Quality
Assurance Program, DCAC 310-70-57, Supplement 1, Octob~~ 1974. DetaIls

4 of specific methodology are discussed under “Procedure” in each test
- section.

2.3.2 Automatic gain control (AGc ) voltages in the recei vers under• test were calibrated to act ual RSL values, thereby permitting convenient
monitoring of the RSL through AGC variation. This calibration was
performed weekly. All BER mequrements used a pseudo—random pattern
In excess of 1 000,000 bits (2’0) in length. All data collected was
used In analysis except those portions obviously not representative of
typical performance and clearly correlated to equipment or procedural
failures. S 

•

2.3.3 In February 1977 an automated data collection system was installed
for the long path propagation studies. This system, discussed in
Appendix C, provided extended capabilities for analysis of fade character-
istics. •

~~~ 
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2.4 Unscheduled Test Observations.

2,4.1 During the installation of equipment establishing the four
terminal s used in this project, the AN/FRC-l62 radios were not equalized
for baseband signal delay due to unavailability of delay equalization
submodules. Preliminary tests and subsequent baseband repeater tests
indicated that the radios performed satisfactorily. Additional infor-
mation that delay equalization did not appreciably affect the three-level
partial response signal was reported in AFCS Technical Report, AN/FRC-162
Digital Radio Characte rization, Jun e l976~.

2.4.2 DurIng a rearrangement of AN/FRC—l62’s at the four DEB CON US L ink S

si tes, necessitated by a swap of radios with the Air Force and the Signal
School , the radio which had previously been located at CTA was installed
at Mount Lemon on the Mount Lemon to Site Sibyl link. The receive
frequency of this radio was 8398.0 tlIz. The transmit frequency of the
AN/FRC—165 at Mount Lemon on the Mule Mountain link was 8379.5 MHz.
Thus the receiver on the Site Sibyl link , which had a normal operating
RSL of -45 dBm was used in the presence of a +38 dBm transmit signal
19.5 MHz away.

2.4.2.1 The line—of—sight path between Mount Lemon and Mule Mountain
lies 11.4 degrees in azimuth and 0.6 degrees in elevation away from the
line—of—sight path between Mount Lemon and Site Sibyl. The sidelobes
of the antenna used for this link are approxImately 60 dB down at the
azimuth separat ion between the antennas , meaning that the level of the
transmit signal to Mule Mountain could be as muth as —22 dBm at the
receive antenna from Site Sibyl. The physical configuration of antennas
on the tower at Mount Lemon reduces the level of the interfering signal
to the level of approximately —56 dBm at the input to the Site Sibyl
receive antenna , approximately 11 dB below the nominal RSL on this link.

2.4.2.2 The effect of the interfering signal was noticeable even when
the Site Sibyl l ink at Mount Lemon was operating at the nominal RSL.
When the baseband eye pattern was observed on an oscilloscope, the
reduction of the interfering signal to a very low level resulted in a
noticeable reduction in fuzziness in the eye pattern, indicating a
marke d increase in the signal—to—no ise ratio of the baseband signal.

2.4.2.3 When the Site Sibyl link RSL was reduced by either natural or
artificial fading, the effect of the interfering signal was dramatic,
The Interfering signal would maintain the apparent RSL at which the
radio was operating to no less then —56 dBm Irregardless of the behavior
of the link. At an RSL of approximately -56 dBm, errors would begin
to appear in the digital data; thus, the effect of the interfering

12



signal was to decrease the fade margin on the Mount Lemon to Site Sibyl
link from 35 dB to 11 dB.

2.4.3 Waveguide connectors manufactured by Prodelin were found to be
defIcient in matching rigid to semi—rigid waveguldes . After tuning,
thi s connector inter~a~e resulted in a 16-22 dB return loss over a
frequency band of f0±l0 MHz. Military Standard 188-313, Subsystem Desi gn
and Engineering Standards and Eauioment Techn Ical Design Standards for
Lon~—Hau1 Comunication Trave rsing Micrcw~va LOS Rad4o end Tropospher ic
Scatter Radio; paragraph 5.11.2.2 states a recui rem3nt for a miiimum
return loss of 26 dB. Simi lar connectors made by Andrew Corporation S
Interfaced waveguides with a resulting return loss of 30 dB over the
s ame frequency range. The difference in perfo rmance may be explained by
the difference in design. The Andrew Corporati on device uses five
tuning screws whi le Prodelin uses three. Whlle .Prodelin may manufacture
a connector that is electrIcally equivalent to~

.the Andrew device, the
connector procured for these tests was not suitable.
2.4.4 The delay equalization measurement described in the technical
manual for the AN/FRC— 162 results in an oscilloscope waveform displ ay
of the classic delay envelope revealing the amount of slope and tilt
of the radio baseband, which In turn Is an indicator of the proper align-
ment of the baseband. During the setup of the radios on the various
links, particularly at Site Sibyl and Mule Mountain , a large sinusoidal—
type oscillation was found in this waveform. The amplitude of this
oscIllatIon was greater than could be equalized using the equalizer ki ts
supplied with the radios. It was originally assumed that this oscIllation
was related to the grounding problems at these sites.
2.4.5 During checks of a degradation problem on the Site Sibyl link

S antenna at Mount Lemon the real cause of the oscillation was discovered.
A delay equalization measurement on this link had revealed an oscillation
in the waveform. Checks of the waveguide to the antenna revealed a bent
section, which was removed. A delay equal ization measurement taken after
the waveguide repair had been completed revealed that the oscillation had
disappeared. Apparently, the delay equalization test set acts like a
frequency domain reflectometer in sensing wa veguide and antenna imperfections.
3. DETAILS OF TESTING

3.1 ReceIved Signal Level s: Predicted vs Actual,

3.1.1 Objective. The purpose of this test Is to compare actual measure—
S ments of RSL availability to mathematical predictions. This comparison• yields Information concerning the reliability of the predi ctions of other

BESt ?NA1
L’CS

~
S1 CC?’~ 

S
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simi l ar microwave paths.

3.1.2 Procedure.

3.1.2.1 A path profile was plotted and system performance computed using
techn iques based on National Bureau of Standar ds T ransm iss ion Loss
Predictions for Tropospheric Communication Circuits, Technical Note
Number 101. Appendkes A and B provide technical information and actual
path profi l es, respectively.

3.1.2.2 The AGC voltages we re recorded by continual stri p chart recording,
and at intervals by a digi tal printer as Illustrated In Figure 8. Instan-
taneous values were initially recorded at approximately one, two, or five
minute interval s and a comparison of results led to the determination to
use the one mi nute samples. The one minute samples were incorporated
into the automated data collection system format (see Appendi x C) to pro-
vi de continuity throughout the test period. Use of the digital printer
was discontinued after initial checkout of the automated system.

3.1.2.3 Samples we re taken at the Mule Mountain (MI1F) site and the Mount
Lemon (MTL) site from July 15, 1976 to Apri l 30, 1977. During this peri od
data was produced for approximately 220—24 hour days at MMT and 190-24
hour days at ?4TL.

3.1.3 Results and Analysis.

3.1.3.1 At the *IT site 322,458 samples we re taken and at the MTL site
156,583 samples were taken. Figure 9 shows the availability of RSL for
each end of the 82-mile link. Avai lability calculation is based upon the
instantaneous samples taken every minute. Of these samples 99.98+/% were
above -65 dBm, the point at which receiver switching occurs . These
samples are for the 11891 receiver only and diversIty improvement Is not
consi dered.

3.1.3.2 The 50% conf1cf~nce and 95% confidence predicted hourly medians
are pl otted in Figure 10. The availability of the instan taneous samples
cl osely follows this curve until the 99.9% poInt. At this point, divergence
is expected. Since the number of samples below —65 dBm is much less than
a sixteenth of the total number of samples, the hourly median of the samples
would not reflect the low RSL ’s.

3.1.3.3 The hourly medians were obtained for the period during which the
automatic data collection system was operational and are shown in Fi gure 10.
The plot for the I1~L site is slightly below predicted level for 50% con-
fidence whi le the plot for the ~4IT site Is slightly bel ow the 95% confidence
level. The results are not identical at each end of the link.

14
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3.1.3.4 The predictions were based on a nondiversity system. The diversity
improvement is not a factor when dealing with hourly medi ans . Also pro-
vi ded was S~~fl extrapolation of the predictions that showed a time avai l-
ability for a diversity system at an RSL of —69 dBm of 99.99987 and for a
nondiveristy system at an RSL of -69 dBm of 99.95894. The extrapolation
is based upon fades with a Rayleigh distribution around the 50% confidence
level.

3.2 Path Fading.

3.2.1 Objective. The purpose of thi s test is to gather data on RSL
variations that indicate the effect of the propagation path.

3.2.2 Procedure. Equipment was confi gured similarly to that in Figure 8.
A diversity fade was defined as one in which one of the two receivers
had an RSL below —65 dBm. A simultaneous fade occurred when both receive rs
were below -65 dBm, Fade data was col lected over a nine month period
using the automated data collection system for approximately the last two
months.

3.2.3 Results and Analysis.

3.2.3.1 Table 2 depicts the fading noted over the 82-mile link that had
a depth greater than or equal to —65 dBm. Nine fade events occurred at
*IT and six occurred at I~rL during cross polariz ation testing when the
system was operating nondiversity and no information was available for
the diversi ty reclever. Seven fades occurred at MTL on 11 and 20 Noventher
when the stri p chart was Inoperative. These fades are terme d “uncertai n’1 ,
as the diversity performance information is missing.

3.2.3.2 Of the fades occurri ng at I~lT and t4FL, 36 occurred at both sites
simultaneously. MIL experienced fading more often and of greater depth
than FlIT. This may be ckie to the position of the path’ s highest point
being closer to 1411 than *IT (Figure 41).

3.2.3.3 Of the fades that occurred, 62% were on the B recei ver. The B
rece iver is on the top antenna of the two diversity antennas.
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Table 2. Long Link Fades

S Number of Fades at Receiver

TYPE FADE !IL !1LL
Diversity 128 148

Simultaneous 2 8

Nondiverlsty 9 6

(h~certain 0 6

Recei ver Outages

A RCVR 49 (35%) 73 (42%)

B RCVR 92 (65%) 103 (58%)

3.3 Bit Error Rate Measurements.

3.3.1 Object ive. The purpose of this test is to record the number of
errors occurring ove r a period of time in order to compute a BER.

3.3.2 Procedure. A bit pattern generator was connected to a Tl input
of the Tl-4000. A random bit pattern was connected to a second 11 input
and looped six times in order to ful ly load the multiplexer. Errors were
counted on a bit error test set , while RSL ’s we re monitored as previously
depicted in Figu re 8.

3.3.3 Results and Analysis.

3.3.3.1 Errors were counted at the 1141 and 141L sites over the period
1 September 1976 to 30 April 1977. There we re a total of 197,580 samples
and 195,703 sampl es taken at FlIT and FIlL respecti vely. This represented
78% and 79% of the days in the period. RSL distributions over the same
period are given in section 3.2.

3.3.3.2 Table 3 is a description of the error distribution for MMT.
Of the 197,580 samples, six were dro~oy~s caused by loss of synchronl-
zation. The average BER was 1.1 x l0

3.3.3.3 Table 4 descrIbes the error distribution for FIlL. Of the
195,703 samples , 10 were overflows. The average BER was 2.1 x lO ll .

C)
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3.4 Baseband Repeater Operation.

3. 4.1 Objective . The purpose of thi s test is to study the degradation
of signal quality as the signal is relayed from one terminal to another
without regeneration of the data by multiplexers. Baseband frequency
response, BER , and percent error free samples are reported to Indicate
this degradation.

3.4.2 Procedure, Figure 11 depicts the test configuration for baseband
repeater operation. The test signal was repeated up to a maximum eight
links , employing seve n baseband repeaters. Figure 12 depicts the two
route configurations used to attain this maximum.

3.4.3 Results and Analysis.

3.4.3.1 Figure 13 is a frequency response curve showing the baseband
response for the eight—hop repeater operation. The frequency response
can be stated as 370 Hz to 7.2 1hz +1, -3 dB. Table 5 lists the RSL ’s
for a BER of 10 6 at each terminal of the eight—hop transmission link
showing the elevation of required threshold.

3.4,3.2 Figure 14 shows four baseband frequency response curves . The
illustration shows the small change In amplitude response as the number
of hops was increased from one to four.

3.4.3.3 Figure 15 shows seven oscillographs of the three—level
partial response eye pattern. The clarity and syninetry of these
pattern s is an indication of the signal quality at each succeeding
repeater terminal. Degradation can be seen to accumulate and appears
especially poor at Site Sibyl (4th terminal ) where interference from
another transmitter located at Mount Lemon was a factor.

3.4.3.4 FIgure 16 includes ten oscillographs of the baseband spectra.
The 8.1 and 8.5 1hz subcarriers are evident as spikes in the spectrum.
The shape of the spectrum and lack of distortion products is an indica-
tion of signal quality. The degradation as measured in other tests
does not appear clearly in these oscillographs as the number of
repeaters was Inc reased. (NOTE: The slight drop in response evident
at the low frequency portion of the spectra is due to test equipment
limi tations).

3.4.3.5 Tabl e 5 lIsts the paths used on the eight-hop baseband repeater
wi th the resultant RSL ’s recorded at the distant terminal. After ei ght
hops of baseband repeate rs , a BER of 1.85 x 108 was able to be maintained.
This BER corresponded to an RSL of only -40 dBm and suggests a rather
low availability. At the ninth terminal 98.8166% of the samples were
error free. S

)
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Table 5. Baseband Repeater Pe rformance

Recei ved Signal Level (dBm)
Path to Gi ve 1 x 10—6 BER S

Mount Lemmon to Mule Mountain -70.0

Mule Mountain to CTA -67.0

CIA to Site Sibyl —60.0

Site Sibyl to Mount Lenmon -60.0

Mount Lemon to Site Sibyl -54.0

Site Sibyl to CIA -68.0

CTA to Mule Mountain Not measure d

Mule Mountain to Mount Lemmon -40.0

3.4,3.6 Results from this test confirmed that any combinati on of
radios and multiplexers w iTi support a BER of 5 x or better afte r
four relays of baseband repeaters. A lthough a gradual degradation of
signal quality occurred as the number of repeaters was increased, the
greatest variability of BER performance was caused by differing multi-
plexer sensitivities. Because of these di fferences in sensitivi ty,
errors were recorded at one site when errors were not recorded at a
subsequen t site ; that Is , the second multiplex was better able to
deniultiplex the slightly degraded signal.

3.4.3.7 Results indicated that the system performance may be Improved
by using signal conditioning between the radio baseband output and the
multiplexer input in order to remove out—of—band noise and the two
subcarrier signals, Baseband repeaters created a system filter between
two terminals. That is, at the repeater site the multiplexe r used to
monitor the baseband signal received perturbations caused by out-of—band
noise , which was effectively removed by the band limiting characteristics of
the transmItter for the next link. In this way the end terminal was not
affected by the total out—of—band noise generated between the initial
terminal and the Intermediate repeater.

3.5 MultIplexer Perfo rmance.

3.5.1 Objective. The objectIve of this test is to record the number
of major and minor multIplexer refremes. A major reframe indicates
resynchronization of the entire data stream at the 12.5526 It/s level ,
and a minor reframe indicated resynçhronlzation of a Ti data stream

)
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within the total data stre am~ Refrarnes give indication s ot l owered
siqnal quality and are an indication of performance degradation.

3,5,2 Procedure, A chart recorder was connected to the appropri ate
test points of two second—level multiplexers to record three—level partial
response violations . Simultaneously, RSL ’ s were recorded as described
in section 3,1,2, Data for the two multiplexers was gathered as the
RSL was varied by introducing attenuation in the transmi tter waveguide .

3 ,5 0 3  Results and Analysis.

3,5 ,3,1 Vi ol ations did occur when errors did not occur. When errors
and v iola tions occurre d simul taneousl y, there was no constant ratio
between the numbers of violations and the number of errors. Howeve r,
as the numbers increased in magnitude, the ratio of violations to errors
dimini shed, In addition to errors causing reframes, these reframes
created additional errors.

3.5,3.2 For multiplexer A , no major reframes occurred with an RSL of
—81 dBm or higher, This RSL corresponded to a BER of 1 x io~~, and172,000 violations/second0 Similarly, no minor reframes occurred wi th
an RSL of —75 dBm or higher. Thi s RSL corresponded to a BER of
3 x io 5 and 1812 violations/second, The maxi mum number of violations
that occurred wi thout an error was 214.

3.5,3,3 For multiplexer B , no major reframes occurred with an RSL of
-78 dBm or higher. This RSL corresponded to a BER of 5 x 10—2 , and
240,000 violations/second, Similarly, no minor reframes occurre d wi th
an RSL of -74 dBm or higher, This RSL correl ated wi th a BER of
4 x iO 4, and 12,000 viol ations/second, The maxi mum number of
vi ol ations that occurred without an error was 860,

3.6 Baseband Degradation Monitor,

3.6.1 Objective. This test provides data on the performance of the
Baseband Degradation Monitor (BDM) developed by the Air Force Conmuni-
cations System (AFCS). S

3,6,2 Procedure, The test configuration is shown in Fi gure 17. The
link configuration was one to six hops as shown in Figure 12. The
BDM was initially tested on a single link (CTA to MMT) to obtain the
characteri stic curve for the Receiver—Transmitter pairs, Then the
links were reconfigured to obtain curves of BDM voltage as a function
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of RSL for a diffe rent number of baseband repeaters. The BDM slicer
levels were adjusted after the six hop confi guration was established,.
Then the transmitted signal was attenuated at each of the six repeater
locations in turn, Finally, the same tes t was performed without realign-
ment of the BDM each t ime a new repeater was added.

3.60 3 Results and Analysis.

3.6,3. 1 The BDM is designed to provi de a monitor of the signal-to—noise
ratio (S /N) of a digital baseband. The ci rcui t was designed to be
implemented as a plug-in card for the VICOM 11-4000 multiplexe r, which
is the form in whi ch it was evaluated at DTEP O The BOIl provides a
voltage output based upon the noise whi ch is superimposed upon the “eye”
vol tage of the three-level partial response input to the 11—4000 multi-
plexer. The BDM has an adjustable voltage slicer level which is set at
a particular vol tage level (approximately 50 my) which represents the
ambient noise level on the three—level partial response signal. Additional
noise on the “eye” , created by a signal-to-noise ratio degradation will
result in a larger voltage output from the BDMO A typi cal curve of the
response of the BOIl is shown in Fi gure 18.

3.6.3.2 The principle on which the 8DM operates is shown in Figure 19.
This figure represents the probability distributions of a “1” and a tIO~,
assuming that the noise superimposed on the signal has a gaussian distri-
bution. Setting the decision limi ts for a “1” to A and B, which is the
normal procedure in the 11-4000, results in a very low error rate in
normal ci rcunstances and a voltage leve l which is essentially the leve l
for “1” , When the decision limi ts are move d out to C and 0 , which is
done by setting the slicer levels on the BDM , a lar ger amoun t of the
noise can be sensed. As the signal—to—noise ratio degrades, the normal
slicer levels in the multiplexer maintain error-free performance down to
very low signal—to-noise ratios. The broader slice r levels of the BDM
allow this degradation to be sensed as an increase in voltage level.
In effect , the BDM has created a “pseudo” error rate which is represented
by the BOIl voltage. Figure 20 is a typical curve of BDM voltage output
for the Receiver—Transmi tter pai rs on the CIA to SIB link.

3.6.3.3 Figure 21 is the family of curves generated by attenuating in
turn each site transmitter for a six hop configuration. This figure
demonstrates that the use of the BDM as a monitor of a multi -hop link ,
with the BOIl sl icer adjusted for the complete link configuration , is not
feasible. The degradation of one portion of the link can create a wi de
variation of BUM output voltage depending on which section of the overall
link is degraded. For example , in Figure 21 a 1.5 vol t signal from the

• 8DM could mean that the Mount Lemon to Site Sibyl link has degraded to
—59 dBm or that the Mule Mountain to Mount Lemon link has degraded to

• —72.5 cFm. The first case would be seri ous, but not critical ; the secon d
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would require immedi ate corrective action. The wide variation in the
curves of Figure 21 is probably partly attributable to the baseband
filtering which occurs in the AN/ FRC— 162 radi o transmit section when the
recei ve baseb and from one radio is connected di rectly to the t ransmi t
baseband of another radio, This filtering removes some of the inter-
fering signals in the baseband of the transmitting radio, thus improving
the signal-to—noise ratio of the transmitted signal. There are additional
factors in the var iation between curve s since the curves do not show a
decrease in sensitivi ty wi th repeater distance from the monitor point as
would be expected. These additonal factors were not determined during
DTEP testing.

3.6.3.4 Figure 22 also indicates the di fficulties that would be Invol ved
if the BDM were used as a multi—hop link monitor. In thi s case , the BDM
sl icer level was adjusted for a one hop link and then not readjusted
when the link was extended through four hops. The problem now lies in
the relatively smal l increase In 8DM voltage level for a large decrease
in RSL , or signal—to—noise ratio,

3.6.3.5 The BOIl achieves its stated goal of providing an analog Indi cation
of link degradat ion of a digi tal baseband for a single link. The use of
8DM to monitor a multi—hop link is questionable.

3.7 Cross Polari zation,

3.7.1 Object ive. The purpose of this tes t is to study the in teracti on
between the normal and cross-polari zed channels on a long microwave line-
of—sight link.

3.7.2 Procedure.

3.7.2.1 The P’VIT to MR link was used. The test configuration was as
shown in Figure 23. At each site the primary receiver was connected to
the vertically polarized antenna feed and the diversity receive r was
connected to the horizontally polarized feed. The RSL’s from the two
receivers were recorded on a st rip thart recorder. Prior to sta rt of
testing, the antennas at the two sites were readjus ted to provi de
maximum RSL. The isolation between the polarizations was found to be
42 dB at lINT and 25 dB at MTL. The Isolation at I1TL could not be
maximized simultaneously with tIT,

3.7.2.2 The test was conducted for a seven day period between 18 and
25 January 1977. The test interval included periods of link fading as
well as nomal , unfaded operation. During the periods of fading the
levels of the two channels were measured at the maximum of each fade;
otherwise, the levels were noted approximately once an hour.

3.7.3 Results and Analysis.
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3.7,3.1 Figures 24 and 25 show the distribution of cross—polarization
isol ation for 141 and MIL during periods of unfaded link operation. The
spread of data is much larger for ~t4T than for MTL. The mean of the
distribution for MTL is 25.7 dB wi th a standard deviation of 1.2 dBS whi le the mean for MIll is 36.1 dB with a standard deviation of 3.7 dB.

• 3,7.3.2 Figure 26 shows the distribution of samples duri ng periods of
link fading for if L, The behavior at if L is little changed from the
unfaded case; the mean decreased 1 dB to 24.7 dB while the standard
deviation increased by 1.4 dB to 2,6 dB. Thus the level of isolation
is not dependent on fade depth for 111 L,

3.7.303 The distribut i on of samples does show a correlation with fade
depth at 1411, as indicated in Figu re 27. The line on the figure is
based on a least—squares analysis using all of the data points in the
figure. The correlation coefficient for this line is -0.559 which ,
for the degrees of freedom for the case, indi cates an extremely high
probability of correlation between fade depth and cross—pol arized
isolation levels, The standard error of estimate of the line is 6.7 dB,

3,7.3.4 There were five occurrences of abnormal fade behavior at lIT
and three at t4~L during this period. At these times the level of the
cross—polarized channel was very close to or higher than the level of
the other channel. Each case had two characteristics in conron : fi rst,
the actual val ue of the RSL was less than —60 dBm for both channels;
and secon d, the fade rate for both channels was close to the maxi mum
rate at which the RSL could be tracked.

3,8 Wi deband Noise Quieting.

3,8.1 Objective. The purpose of this test is to determine the noise
behavior of the AN/FRC—l62 at the input to the 11-4000 multiplexer.

3.8.2 Procedure. The CTA to lilT link was utilized with the link RSL
varied between -30 dBm and —80 dBm and measurements made of the corres-
ponding noise level at the multiplexer input. The passband character—
istics of the baseband filter and the hi gh pass output filter of the
mult iplexer were also measured.

3.8.3 Results and Analysis.

3.8.3.1 Fi gures 29 through 33 show the noise quieting curves at fi ve
di fferent frequencies In the multiplexer passband. Figures 29 through
33 show that for frequencies between 1248 KHz and 5340 KHz , the FM S

• thermal noi se quieting regi on extends from approximately -30 dBm to
• -65 dBm. This type of behavior is normal for a radio without pre-

emphasis. Figure 29 for a 70 KHz noise slot, shows that baseband spillove r
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and intennodulation products predominate throughout the enti re RSL range
and are especially noticeable from —30 dBm to —55 dan.

3.8.3.2 Two filters are present in the T1— 4000 multiplexer to band limi t
the noise at the input to the multiplexe r and to elimi nate the pi lot and
subcarrier signals from the AN/FRC—l62. The first filter, consisting of
L2, C5, and C6 on the 4090—01 interface unit has the bandpass characte r-
istics shown on Figu re 34 as measured at the base of Q6. A high pass
filter, consis ting of C7 and Rll on the 4090—01 interface units serves to
attenuate all frequencies below 600 Hz (3 dB points) as shown on Figure 35.
The high frequency roll—off of this filter is a direct result of the
filter l ocated at the base input of Q6.

3.9 Noise Power Ratio.

3.9~l Objective. The purpose of this test is to determine the Noise Power
Ratio (NPR) of the AN/FRC—162.

3.9.2 Procedure. The NPR tests were done In two phases using a white
noise test set. A 600 channel NPR test was performed to obtain the
complete NPR curve for con~mrison to specifi ed radio performance for a
600 channel system. Next, hi~ i pass and low pass filters were used In
the test set to create a noise bandwldt~ of 60 KHz to 5564 KHz , the
closest approximation to the passband c’f the AN/FRC-162 baseband that
is conmiercial ly available. In both cases, the input level was varied
to locate the maximum NPR and data taken to determine the radio behavior
in the vicinity of this maximum NPR.

3.9.3 Results and Analysis.

3.9.3.1 AN/FRC—l62 Technical Manual NPR Procedure.

3.9.3.1.1 A Noise Power Ratio (NPR) test was run on the Site Sibyl to
CIA link during August 1976 and discussed briefly in the DEB Stage I —

CON US Link Testing Interim Report. It was noted in this report that the
normal loading level of the AN/FRC-l62 caused the radio to operate in
an overloaded condition. It was also noted that the NPR test in the
Arn~ TM 11-5820-836—14, the technical manual for the AN/FRC—162, specifiesan NPR of 55 dB when the radio i s operating as a 600 channel FM radio.
The measured NPR was 34 ~ at a normal loading level of +2.5 d&n at the
baseband Input to the radio. Additional NPR tests were performed to
further evaluate the radio behavior with noise loading which better
simulates the baseband loading of the Nl/FRC~162. Prior to the start of
NPR tests , the manufacturer of the NI/FRC~l62 was contacted to determine
the basis for the loading level specified in the NPR test in the technical
manual. The discussions revealed that the test in the technical manual
is iiçroperly desigled for the N4/FRC-162 as used In FKV and DEB.
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309.3.L2 When performing an NPR test, the noise power to be inserted
at the tes t level point (TLP) — in this case the baseband input to the
radio receiver — is cal culated from the DCA formul a for “military” loading:

P =  (-10 + lO log N) dBmO

P = Noise loading level at the TLP

N = Number of channels

dBmO = Power level in reference to the nominal loading level of
the radio

DBnU for the AN/FRC-162 is +2.5 dBm. For a 600—channel radio, usi ng the 
S

above equation , P is equal to +17.8 dBmO or a level at the TLP of +20.3
dBm. The Technical Manual for the !~N/FRC-162 lists a level of -28.2 dBmat the TLP when performing the NPR test.

3.9.3.1.3 It was found that the NPR test for the AN/FRC—162 was identical
to the NPR test described in the technical manual for the AN/FRC—155 radio
set which is produced by the same manufacturer. The duplication is the
result of the fact that components of the two radio sets which determine
NPR perfo rm an ce are identical, The ci rcuitry between the modulation
ampl ifier input and transmitter RF output and between the RF input and the
receiver IF ampl ifier output is the same for the two radios. The
circuitry beyond these points is not identical. This is the key point in
the di fference in the NPR test procedures for the two radios.

3.9.3.1.4 The dRnO for AN/FRC—155 is —45 dBm whi ch , through amplifi cation
and attenuation, results in a level of —40 dBm at the Input to the
modulation ampl ifier. The AN/FRC—162 TLP of +2.5 dBm results in a level
of —16 dBm at the input of the modulation amplifier. A loading level of
+17.8 dBn~ at the TLP of the AN/FRC—155 would result in a baseband inputlevel of —45 dBm +17.8 dB , or —27,2 dBm. The manufacturer’s NPR test uses
a voltmeter with a measurement inaccuracy of 1 dB, so the actual baseban d
input level is —28.2 d8m, the level listed in the Technical Manual for
both radios.

3.9.3,1.5 As noted above, the AN/FRC—155 and AN/FRC-162 differ in the
net gain between the baseband input and the modulation amplifier input .
To determ~ne the correct loading level for the NPR test of the AN/FRC-162requires that the —40 dBm modulation amplifier input level be reflected
back to the baseband input. To reduce the nomal —16 dBm input level of
the modulation ampl ifier to -40 dBm requires a 24 dB reduction of the
baseband input level to —21.5 dBm. Adding +17.8 dBnO to this level to
obtain the proper level at the TIP for a 600 channel NPR test results in
a loading level of —3.7 dBm at the baseband input to the AN/FRC—162.

I S



3~93.2 Figures 36 and 37 show a typical NPR curve for the AN/FRC— 162
radios on the Mule Mountain to CTA link at CIA for a 600 channel configur-
ation. The expanded scale drawing of Figure 39 was used for analysis
purposes as described below. It will be noted from the figures that the
maximum NPR was greater than 55 dB in the 70 KHz slot at a level of
— 13.7 dBmO (—11.2 dBm) at the TLP. At the normal loading level of +2.5 dBm ,
the NPR varied between 29 dB in the 70 KHz slot and 30 dB in the 2438 KHz
si ot.

3.9.3.3 Figure 38 shows a typical NPR curve for the AN/FRC—162 radios on
the *11 to CIA link at I?IT wi th a noise loading bandwi dth of 60 KHz to
5564 KHZ. The maximum NPR in the 70 KHz slot was 59 dB at a level of
-7.7 dBnO (—5,2 dBm) at the TLP. At the normal loading level of +2.5 dBm ,
the NPR varied between 40 dB in the 70 KHz slot and 35 dB in the 5340 KHz
slot, The baseband shaping of the An/FRC—l62 and the wide bandwi dth
(outside of normal test equipment limi ts) render any attempt to determine
normal operating parameters of the radio such as signal-to—noise ratio,
based upon the NPR , extremely di fficult if not impossible.

3.9.3.4 The data obtained during the NPR test series was analyzed
frt ,n two different standpoints to determine its validi ty. The NPR curve
in the vicinity of the maximum was analyzed using techniques described
in an article of the Lenkurt Demodul ator.1 The Bas ic In trins ic Noise
Ratio (BINR ) data obtained while taking NPR data was compared wi th data
points from the linear region of the comparable receiver FM quieting
curve,

3.9.3.4.1 A line tangent to the portion of the NPR curve to the left of
maximum point should have a 1:1 slope and shoul d intercept a line drawn
vertically from the level associated with the NPR maxi mum at an NPR which
is wi thin ±0.5 dB of the BINR reading taken at the NPR maximum. For a
600 channel no ise test, the idl e intercept point for the 70 KHz slot
(see Figure 37) was at an equivalent NPR of 55.5 dB; the B INR at the two
measurenent points bracketing this maximum were 56 dB. For the wi deband
(60 KHz—5569 KHz) NPR test, the Idle intercept point for the 70 (Hz slot
(see Figure 37) was at an equivalent NPR of 59.7 dB; the BINR at the two
measurement points bracketing this maximum were 60 dB and 61 dB.

3.9.3.4.2 With a valid low-slot bucket curve, it shoul d be possible to
isolate the second order interinodulation line by first obtaining the
idle and higher order intennodulation line and then subtracting this u n
from the measured curve to obtain the second order intermodulation line.
The resul ts are shown on Figu re 37. The same procedure was on the 70 KHz
slot NPR curve from the wldeband NPR test. The second order intermodula-
tion line thus derived , excluding the effects of echo distortion, should

1”Bucket Curves”, Lenkurt Demodulator, March 1976, p 2-19; April 1976,
p 20—31

)
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have a slope of 1:1, This was found to be true of the low—slot curve s
on Figures 37 and 38, Another criteri on is that the secon d order inter-
modulation inte rcept point at the reference point (maximum NPR) should be
below the idle intercept by 3 dB or more ; as can be seen in Figure 39,
the diffe rence was approximately 5 dB for the 600 channel con figuration.

3,9,3,4,3 The fol lowing equation was used to calcul ate a point on the
linear region of a theoretical recei ver FM quieting curve:

S/N(—dB nO ) = +10 log Kr + I~ L + NF + 20log frms — Pe (1)
+10 log CBw fm

Where : RSL = Recei ve Signal Level ( dBm)
K = Boltzmann ’s Constant = 1. 38 x 10 20 MW SEC

OK
I = 290°K

frms = RMS per channel devi ation at pivot frequency = 2.22 MHz
CBw = Channel Bandwidth

fm = modulating frequency (slot noise frequency)
NF = Noise Figure (assumed to be 10 dB)
Pe pre—emphasi s at test frequency minus pre-emphasis at

pi vot frequency = 0

3.9,3,4,4 The following equation is used to convert the measured B IN R
to a S/N(-dBmO ) for comparison to the calcul ated value obtained above:

S/N(—dBmO) = —10 log BWR + LF — BI NR (2 )

Where: BNR = Baseban d Bandwidth
Channel Bandwidth

LF = Loading Factor

3.9.3.4.5 The wideband noise qu ieting curves provi ded in section 3.8 as
well as no ise qu ietin g curves for the CIA to Mule Mountain and Mule
Mountain to Mount Lemon links were used to obtain the val ue of S /N for
the radio at the link RSL used for the NPR and BlUR measurements. These
values are listed together with the values calculated using the formulas
above in Table 6. A review of Table 6 shows that the measured and 5
calculated data for the Mule Mountain to CIA link - the link on which
Figures 36 through 38 are based - are in reasonable good agreement. The
wi de divergence between the values of cal culated and measure d quieting
values for the 70 KHz slot is due to the fact that the calculated val ue
(equation 1 ) assumes linear behavior and a review of Figure 36 shows
that the response is in the nonlinear portion of the quieting curve for
this RSL and slot frequency combination, It will be noted that there is
good agreement between the measured quieting S/N and that cal culated using
the measured B INR val ue for this slot frequency and RSL. The discrepancies
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between measured and calculated values of S/N for the CIA to Mule Moij~tainand Mule Mountain to Mount Lemmon links were due to link disturbances
du ring the test.

3,9.3.5 A review of Figure 36 shows that the NPR curve for the 600 channel
confi gurat ion is br oken into three separate di visons characterized by
the slope of the curve to the right of the maximum NPR point. The fi rst
section , between loading levels of -13.7 dBn1~ and —9. 2 dBmO has a slope
of 8:1, indicating that seventh order intermodulation effects predominate
in thi s region. The second section , be tween loading levels of —9.2 dBmO
and — 5,2 dBn1~ has a slope of 2:1 , indi cating that third order inter—modulation effects predomi nate in this region, Between —5.2 dBmO and
o dBn~ , the slope is 1:1, indicating that second order intermodul ation
effects predomi nate in this regi on, which is also the location of the
normal loading point of the radio, The article previously referenced states
that higher order slopes of 4:1 or greater are indicative of hard amplitude
clipping or bandwidth t runcation , probably the latter in this case.

3.9.3.6 An analysis of Figure 38 shows that the curve to the right of the
maximum NPR also had a slope of 8:1, indi cating that the behavior in this
region for the wideband (60-556 4 KHz) confi guration was identical to
that for the 600 channel configuration , I.e., seven th order i ntermodu la ti on
effects predominate.

3,9,3,7 As noted previously, the optimum cal culated loading level for a
600 channel confi guration of the N4/FRC-l62 dBm is -3. 7 dBm, The actual
NPR maximu m occurred at —11,2 dBm, If the wideband configuration is
modeled as a 1260 channel sys tem the optimum calculated loading level is
— 1 . 5 dBrn, while the actual NPR maximum occurred at —5.2 dBm. These resu l t s
indicate that the loading of the radio does not follow the normal l oading
equations , but is affected by the fact that the radio baseband is shaped
rather than flat across the passband as assumed by the normal loading
equations.

3.9.3.8 The NPR test procedure contained in the techn i cal manual for
the PN/FRC-162 is incorrect and should be eliminated. The specifi ed
value of 55 dB cannot be achi eved at the baseband loading level of +2,5 dBm.
The measurement of an NPR at the +2,5 dBm level is not as useful as a link
delay or similar measurement made wi th a microwave link analyzer which
better defines the performance of this radio.
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APPENDIX C

AUTOMATIC DATA COLLECTION SYSTEM

At the start of the DEB CONUS link testing program, the test objectives
required long term statistical inforination~ This type of data was ideally
suited to an automated data collection system approach. A system desi~~edaround a programable calculator was proposed. Use of a prograninable
calculator reduces initial expenditures and provides system flexibility .
The HP—9825A progr~mnab1e cal culator was procured for use as the sys tem
controller.

In addition to the calculator, the au tomatic data collection system
consisted of the HP—IB, the HP—6940B Multiprograniner, the HP-59500A Multi-
prograniner interface, and bus controllable cl ock and time r, shown in
Figure 42. The system interconnection is shown in Figure 43. The multi-
prograniner was equipped with four voltage monitor cards, si x pu lse counter
cards, and one event sense card. Details of the system interface wi th
the Vicom 11—4000 multiplexer and the AN/FRC—162 radio are avai lable upon
request. S

Data of interest centered around propagation performance: the depth,
length and rate of path fading and the effect on bit error rate (BER) ;
three level violation rate ; nux reframe occurrences ; and recei ver switching
actions . In order to record information on fast fades , samples had to be
taken as quickly as possible. The original programing goal was one
sample of AGC voltage every 50 msec, Since each site had two radios and
each radio had two receivers, four AGC samples were required. Thes e
samples were then examined by the calcul ator to determine if activity
was occurring. When activity occurred the sample was recorded along
wi th a time Indication. At a rate of four samples every 50 msec , all
samples could not be recorded due to the lack of data storage space. In
addition, counts of the number of errors , violations , and ref rames for a
set period of time were desired. A sample period for counts pf one
minute was se lected to give a maximum measurable BER of 4xl0~~.

Program execution time prohibited the achievement of one sample of
a receiver 5 s AGC vol tage every 50 msec. The slowest path through the
calculator data col lect ion program was found to be slightly less than
77 msec. Therefore, the system was set to take an AGC sample every 77 msec.
This was done to insure time integrity for the samples.

The data collected which requires storage was placed in a string
variable 2520 bytes in length. The position of the next storage byte

- 

was traced by a variable pointer to insure contiguous assignment. Whene~*~
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the string variable was fil led , it was recori1e~~on the mass storage disksystem. The string len gth was chosen a5~-efl even number of disk recordsand was kept short for power down3rotéction.

Data col lection progra~ _f1~~~is indi cated in Figures 44 through 46.
No data reduction was ~~rformed dur ing the data collection operation .
Figures 47 and 48 are~a conceptual flow chart of the data reducti on program.
For simplicity, Stt~~~~ user control led print opti ons are shown as requi red
actions.~~~—~

function of the data reduction program is to analyze the encoded
- -d’áta recorded by the collection program and to produce a printed sumary

~~~~~~~~~~~ of the signifi cant link and equipment related events. The sumary is in
two parts: first, a time sequenced printout of events and thei r time of
occurrence (fade, receiver switches , and error , 3LPR violation , and
reframe counts); an d secon d, a summary in histogram form of the RSL
samples and the counts. The suninary is output on the internal calcul ato r
printer. The second part may also be output on the page pri nter shown In
Figure 49.

The cal culato r sys tem used in conj unction wi th a stri p chart recor-
der proved to be a powerful analysis tool . The cal culator readi ly hand-
led quantitative data while the strip chart provided qual itative infor-
mation. The automatic data collection system reduced the tine to perform
the data analysis task by approximately 80%.
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