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ABSTRACT

Instrumentation was developed for investigating
the radio frequency link between the A station and the
B unit in the Range Measurement System. Propagaticn
effects were characterized using a multipath
simulaticn in a labecratory environment. Field
experiments were conducted to investigate the presescse
of a multipath environment at Pt. Hunter Liggett. The
effects of varying the ambient temperature on the A
station and the B unit were measured.
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A. BACKGROUND

The United States Army Combat Develcpment
Experimentation Command (USACDEC) emglcys the Range
Measurement System (RMS) at Fort Hunter Liggstt. The RHS
systanm is used tc provide accurate pcsition/location

informaticn and digital data communicaticn capakilities
Eetwzen tactical ground and airborne units for combat
evaluaticns. 1In previous years several persistent fprcblems
were identified, the solution of which cculd potentially
lead to a significant improvement in the overall
effectiveness and reliability of the RMS systenm.

Cne cf the significant difficulties identified was in
electromagnetic anomolies, The uniguely rugged *errain at
Fort Hunter Liggett led to tha speculation that wnultipath
Fropagaticn could be causing system errors. It was aprarent
that a systematic investigaticn cf the effect of wmultipata
chenomena on the RMS system was needed. A more detailed
tackground is presented in Ref. 1.
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B. THESIS OEJECTIVES

The <cbject of this work was to determine if errcrs in

data collected by the RMS system, such as 'wild' ranges
could bke attributed to multipath phenorena. Alsc,; to
identify and document any preiously unknown Frchblems
encountered during the investigation.

€. BMS SYSTEM DESCRIPTIION

The determination and provision o¢f fpcsition/location
informaticn of tactical ground and airktorne units *c the
central «ccntrol facility 1is accomplished by deploying
interrogation stations (A stations) at surveyed locaticns.
The A statiors communicate on a discrete addrsss basis with
responding wunits (B units) located in grcund or airbcrmne
elements. Then, the B units transmit —range pulse and
instrumentation data to the A stations. The A stations
operate under the direction of a computer-ccntrolled central
station (C station), which communicates directly with the A
stations or via a relay/distribution staticn (D station).
Figure 1 (extracted from Ref. 2) shows the general operating
arrangement of the RMS systenm.

The BRMS system is a pulse code modulation/amplitude
modulaticn system that transaits formatted messages and
range pulses at a carrier frequency of 918 MHz. Messages in
digital form are transmitted via tone bursts at sukcarrier
frequencies Of .38 22Dy 34 sad. - 4.05 - :MAZ. Each
subcarrier represents a channel, which is further sutdivided

. intc upper and lower sidebarnds for transmission of oanes and
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zero2s. This means that, on channel 1 (1.35 MHz), a tone
burst on the wupper sideband represents a one and a tone
burst on the 1lower sideband 1is a zerc. Thus, the
simultanecus triggering of both the wupper and the lcwer
sidebands of a channel does not occur. This technique is
used to eliminate intersymkol interference. A half-duplex
mode is used in the A-B link in which channels 2 and 3 are
used for transmitting informatican from the 2 staticn to the
B unit and channels 1 and 4 transmit informaticn from B to
A, Ranging is accomplished Ly pulses at the carrier
frequency. The system uses omnidirectional vertically
polarized artennas with the maximum gain in the horizcntal
flane for ths B unit and approximately 10 degrees below +he
hcrizontal fcr the A station. A detailed description cf ths
system operation and the individual elements is contained in
Ref. 3.

The system has four modes of cperation; Ranging (Range),
Short Communication (SCOM), Extended Communication A to B
(EAB) and Extended Ccmmunication B to A (EEA). A detailsd
description of each mode and digital message format is
ccntained in Ref. 3 The data reduction/distritution
techniques that are carried out by the C station for each
mode are described in detail in Ref. 4.

10
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MULTIPATH PROPAGATION PHENOMENA AT UHF

Lefipitions

Multipath propagation normally exists in irreqular
terrain, but it is also likely to be found in any area where
obstacles ars present (buildings, trees, vehicles, etc.).

Multipath propagation is the phenomenon that occurs when

there are @many rays (paths) along which electromagnetic
energy can travel from the transmitting point tc the
receiving pcint. The propagation times, amplitudes and
phases differ in these rays at the receiving point. These
variances will somstimes enhance and scmetimes tend to
cancel the original signal at the receiver, resulting in
signal-strength variations known as 'fading'. At ultre-high
frequencies (UHF) two types of multipath that produce fading
are atmospheric-multipath and reflection-multipath (Ref. 5).
Atmospheric-gultipath is caused by two or mcre rays arriving
by slightly different paths. These different paths are
caused by abncrmal variations in the characteristics of tke
lower atmosghere. If the atmosphers is wunifora in tae
Fropagaticn area then this type of multipath does not exist.
Reflection-multipath is from the interacticn of direct and
reflected rays. In line-of-sight (LOS) ©propagation the
reflecting surface may be the ground or any obstacle not in
the LOS path. Figure 2 illustrates multipath propagation in
the atmosghers.
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The influence of multipath on a communication systenm
is descriked in terms cf two effects; selective fading and
intersymbcl interference (Ref. 6). Selective fading is
related to the relative radio frequency (RF) phases of the
signals arriving at the receiving antenna via the varicus
paths. For any frequency, the total received signal is the
vector sum c¢f all the individual path components. Since the
amplituades and phases of the reflected signals vary with the
reflecticn cocefficient of the reflecting surface and delayed
path length, the resultant received signal will also vary.
Moreover, if a signal is composed of different freguencies,
each vector sum for a particular fregquency will be
different, =<since losses and time delays are freguency
dependent as well. Thus, there are signal-strength
variations <c¢f the received signal with resgect to time and
frequency which is termed selective fading.

Intersymbol interference is assocciated with *he tinpe
delay betwzsen the first and last significant signals. b &
the modulaticn is rapid enough, the signal interference will
result in a smearing of the intelligence, fcr any =signal
waveform. Fcr example, if a particular modulation technigue
is used tc transmit digital signals, interference may cause
the information <contained in a symbol fcr a 'one' to be
shifted enough to cause a detection error in a following
symcol fcr a 'zero'.

ri

2. Effects of Multipath on Pulse Systeas

Pulse communication systems are gerera. .y tolerant
c¢f multipath propagation that produces a reflected pulse
whose delay, with <rTespect to the direct-path signal, is
small ccmpared with the pulsewidth. In this case
intersymkcl interference will be slight although distcrtion

14
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of individual pulses may be significant. Schmid (Ref. 7)
showed that intersymktol interference prcklems arise when
reflected pulses are as large or larger than the pulsewidth.
In single-pulse systems where pulses are used for timirg, as
in some radars, detection of the arrival of the leadin¢ edge
of the pulse is critical. Distorticn of the pulse due to
multipath in such a system may lead to errors. ’

B. SURVEY OF ANALYSIS METHODS

In tryirg to gquantitatively analyze the effects of
multipath on communication signals several techniques havse
keen developed.

1. Erediction Models

The nature of the multipath problem is probakilistic
and lends itself to predicticn models based <¢n probaktility
theory. Several authors (Refs. 7, 8 and S9) have developed
mcdels fcr spacific environments and communicaton systeas.
Prediction models are normally designed for a particular
requirement and are therefore 1limited in their general
applicaticn.

2. Empirical Results of Previous

Comparative analysis of previous tests of multipath
effects tc the system Leing considered can te valuable. Ia
many cases where modelling of a system is impractical
systams are tested in actual multipath envircnrments.
Although this is a very accurate amethcd, it normally

b

requires more time than modelling. Therefore, if previous




testing of similar sytems has been conducted their results
may provide the desired information. There has been a
significant amount of data collected concerning the effects
cf multipath on numerous communication systems and in a
variety of envircnments.

o TR AT PO A R G Y S R R
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3. Laboratory Simulation

This method is particularly useful since it does not
depend cn other sources of informaticn. Althcugh
simulaticns may not correspond to the actual environment the
ccmmunication system will be operating in, they do provide
an understanding of the system sensitivity tc vary signals.
Jakes (Ref. &) has developed two fading =simulaticns for §
mobile communication systems operating at micrcwvave

frequencies. g

-




‘A. GENERAL CONSIDERATIONS

Althcugh there has been extensive work and large amounts
cf emperical data compiled on the multipath groblem dealing
with morile communication systems and pulse communications
in general (Refs 10-12) very 1little data was found that
could be agplied to the BRMS systen. It was further
determined that statistical modelling of the multipath
environment at I Hunter Liggett was impractical.

Therefore, actual field measurements were conductéd to

provide accurate multipath data and at the same time uncover
cther RMS prctlems. In an effort to become more familiar
with +the RMS system operations and to develcpe measurement
techniques gprior tc going to the field a laboratory
simulaticn was designed. It was apparent that the RF link
most 1likely tc be affected by multipath was the A station to
B unit link. Therefore, it was the only link in the systenm
considered in the experiments. The Range and to a lesser
extent SCCH modes of operation were the only wmcdes
considered. By observing the actual detected signals at the
A station/B unit receivers and noting the variation frcm the
specified waveforms an understanding of the effects of the
multipath environment was realized.

e R S AT




1. Sigpal Waveforms

Pricr to determining what type of instrumentation
was going to be used a basic understanding of the signal
waveforms was necessary. In the Range mode the A station
upon command from the C station transmits a formatted signal
to a B unit. The signal consists of an initializing pulse,
10 address bits, two mode bits ard a rance pulse. Th2
initializing pulse sats the required automatic gain ccntrol
(AGC) level in the B unit receiver. The 10 address tits
determine the B unit that is being interrcgated. The mode
bits indicate that the ranging mode is being wused and the
range pulse provides a timing marker from which ranges are
determined. All B units that are operating will flisten'
for the A station transmission, but only the B unit that can
identify the address will resrond.

Upon <creceipt of a range command tk2 B unit starts a
calibrated internal delay after which it transmits a message
back to the A station. The internal delay in the B unit is
triggered by the leading edge of the received range Ffpulse.
The message that is transmitted back tc the A station
ccnsists cf a message flag bit and a range pulse. The slant
range oDbetween the A station and the B unit is determined by
a 15 bit clock in the A station that measures the time
between the transmission of a range pulse (leading edge) by
the A station and the detection of the leading edge of the
range pulss from the B unit at the A station. The A station
then acccunts for the internal delay of the B unit and
fecrwards the 15 bit range to the C station. The least
significant tit in the range corresponds t¢ a range of 2
meters.




The SCOM mode is a communication mode by which the C

station can send a four bit message to a B unit via an A
station. For the AB link, the A station transmits a message
to the B unit that consists of an initializing pulse, 10
address bits, two mode bits and four message bits. The B 3
unit response to the A station is a signal ccnsisting of 13
message tits. At the B unit the four received message Lits
are displayed on an input/output (I/0) device (Figure 3).
Reference 3 presents a more complete description of the
waveforms and explains how they are generated. Figure 4
shows the signal waveforms that are transmitted by the A
station for the Range and SCCM modes.

The application of some of the tasic multipath
thecry 1led to the assumpticn that distorticn of the signal
vaveform Lty selective fading of the signal due to multipath
cculd be responsible for some of the errors in RMS data. It
was clear that significant distortion of address bits in any
mode of operation might cause the B unit tc fail tec identify
its own address. This would cause a 'no B unit resgonse!
result. Ir a less likely case, distorticn cf the address
might be sufficient to cause an irncorrect B unit to resgend.
It was alsc apparent that significant distortion ot the
range pulse might cause errors in slant range data. In the
sCoM mode distortiom in the address and/cr message tits
cculd lead to no or incorrect B unit responses Oor errors in
the received message.




Figurs 3 = MONITOR INPUT/OCUTPUT CEVICE
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2. A Station/B Unit BRF Link Specificaticeps

The following characteristics are thcse specified by
the designer fcr properly operating and aligred A stations
and B units. The minimum transmitter output pcwer is 37 4Bam
for the A station and 40.8 dBm fcr the B unit. The B unit
receiver operation is from <+23 d4Bm to =67 dBm. The A
station antenna is an eight dipole pair colinsar array with
svamper elevated 24 feet above the ground. EReference 13
gives the vertical and horizontal patterns for the antenna,
which are reproduced in Figures 5 and 6. There are several
antennas designed for use with the B unit. However, the
helmet mcuntad guarter-wave monopole was the only antenna
corsidered. Laboratory and field measurements (Refs. 1 and
14) have shown significant variations. in +the antenna
patterns frcm one helmet antenna to another. Therefore, the
design specifications w#were somewhat suspect in determining
the B wunit antenna gain, Figures 7 and 8 show
represeﬁtative vertical and hcrizontal ©patterns fcr the
helmet antenna.

22
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Figure 6 - HORIZONTAL PATTERN A STATICN ANTENN2
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VERTICAL POLARIZATION
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Pigure 7 - VERTICAL PATTERN HELMET ANTENNA
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The height of +the A station with respect to thes B
unit is ar izportant factor as is readily apparent from the
antenna Gfpatterns. Figure 9 1is a diagram of the relative
positions of the A station and the B unit and shows *he 3009
angle at which the gain of the A station antenna has drogpped
to +2 dB. C[Cesignating any area where the A station antsenpa
gain is below +2 dB as an ‘apparent' null the wminimum
distance (S) to a B unit for any given relative height (H)
can be calculated frcm tae equation

S = H tan 600

Table 1 gives scme representative values c¢f this distance

for typical A station antenna hesights.

The transmission 1loss in free space, that is, in a
region free from all otjects that might reflect or atkscrt RF

energy (kef. 15) is given by
2

L = 10 Log L47d)
XZ
the wavelength in meters

where A

a

tke distance between antennas in meters

This 1loss frovides a good =stimate to the cperating range
(distance) of the system (AB link), which is specified froam
a minimum of 30 msters to a maximum range of 9,000 meters.

27
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Table 1 ‘*INIMUM DTSTANCES FROM ELEVATED A STATION

B (feet) S_(feet)

30 52
| 50 87
b 100 173
; 200 346
400 693
600 1039
800 1386
1000 1732
1200 2079
1400 2425

160¢C 2114
1800 3118
2000 3460
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E. INSTRUMENTATION

The Ltasic RMS <components required for the experiments s
were a standard A staticn and a micro B unit. In addition,
a B Unit Checkout Set was necessary to trigger the A station
to interrcgate the B unit. References 2 and 16 present a
ccemplete description and a detailed operaticn of the micro B
unit and the A station respectively. Appendix A presents a
complete description and the operating prccedures for the B
Unit Checkout Set (checkout set). Several cther items wers
used for specific tests such as the Monitcr Inpu%t/Cutput
Device (I/0 device), antennas and the B unit Fower Ereakout
Box. Prior to commencing any experiment the A staticn was
checked fcr proper alignment in accordance with procedures
set forth in Ref. 16.

The primary measurement instrument was the Tektrcnix
7834 Storage Oscilloscope (Figure 10). This mainframe
tcgather with accompanying plug-ins provided a fast writing
speed, variable persistance display and =signal storags
capability. Its use was dictated by the specified
characteristics cf the signal waveforms under investigation.
Appendix B gives some cf the performance characteristics of
the 7834 and the procedures used to make both laboratory and
field measurements. In addition tc the oscillosccpe,
various attenuators, directional couglers, envelope
detectors, pce¥er meters, DC power sources and coaxial catles
were wused as required by 4individual experiments. These
items were checked to meet required bandwidth and pcwer
ratings pricr to being used in actual experiments. Because
of its relatively lcw loss characteristics (9 d3/100 £t at
$00 HMHz) , RG-213/U coaxial cable was used whenever cable was
needed for the transmission path.

30
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C. SINGLE-PATH EXPERIMENTS

A simple single-path arrangement (Figure 11) was set up
with c¢oaxial cable used as the RF link. Several laboratory
experiments were conducted with this setup +t¢ measure the
performance of the A station and the B unit in an 'ideal!
propagaticn environment. The procedures and data collected
for the single-path experiments are presented in Appendix C.
The A station and B unit were kept at an ambient temperature
of 200C during all of the single-path and multipath
simulaticn experiments.

The experiments verified that the =<system operates
according to specifications in a single-path environment.
Figure 12 rpresents typical signal wavefcrms that were
measured with the 7834 oscilloscope. The figure shows an
entire «cycle 1in the Range mode with the upper trace teing

the signals transmitted by the A station. The lower trace

is the detected videc signal of the B unit and consists of
both the r2ceived and transmitted signals. The numbers
displayed are the vertical scales (200 mV and 50 amV) for
each trace and the horizontal scale (50 microseconds) for
bcth traces. A picture of a range pulse that has Leen
expanded to measure rise time is presented in PFigure 13.
The experiments clearly showed that distcrticn of the rangse
pulse could cause errors in the slant range data. In
addition, it was determined that the B unit I/0 devices had
no degrading e€ffect on the system performance.
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Figure - 13
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D. MULTIPATE SIMULATICN EXPERIMENTS

To simulate a multipath environment a twc-path

arrangement (Figure 14) was developed in the laboratory.
The longer path was designated as the 'delayed' path ard th=2
| shorter path was the 'direct' path. The direct path
ccntained a section of variatle coaxial cable that could be
extended to provide up to 25 cm additicnal pJpath. By
charging the length of the direct path a small amourt with

e

respect to a wavelength the phase addition of the two
signals cculd be varisd. Variable attenuators were used to
control the signal strength of each path.

The experiments conducted with this setupr demonstrated
that it was possible to distort the signals arriving at the
A station and B unit enough to cause significant errors in
the systen. Figure 15 is an example of a distorted range
pulse that led to a 'nc B response' result thcugh the systanm
was working well within its specified operating range. The
procedur<es and data collected for the multipath experiments
is presented in Appendix D. The only system failure that
occurred during these tests was a reoccurrance of the
Frobiem in the B unit checkout set. An external 5 VDC
source was hcoked up tc the logic unit and this remedied the
Frcblenm.

Tp—
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Figure 15 -

DISTORTED RANGE EUISE
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E. EXPECTED RESULTS IN THE FIELD

The results of the single-path and multigath simulation
experiments indicated that it was possible tc have errcrs in
the RMS data if certain unusual fropagation fphenomena cause
distcerticn o0f the signal vaveform by selective fading. It
was alsc clear that due to the non ompidirectional
characteristic of some helmet antennas a signal arriving at
the antenna via a delayed or reflected path might te as
large as the direct path signal. The multipath simulation
showed how this condition could result in RMS errors.
Intersymtcl interference was not experienced in an} cf the
labecratcry exgeriments.

The unigue terrain at Ft. Hunter Liggett is
characteristic of a multipath enviroar2ant. Figures 16-20
show some typical B unit locations with respect tc an A
station. ©Pigure 16 shows the 3 unit located close to the A
station with no reflecting objects in the vicinity cf the B
unit antenna. In this case the reflected path signal would
be expected to be significantly less than the direct path
signal, thus selective fading shculd not be a problem. The
situations depicted in Pigures 17, 19 and 20 might produce
direct and reflected path sigmals o0f equal magritude
arriving at the A station and B unit. It was considerad
unlikely that the reflected path signal of Figure 18 wculd
be of the sage order of magnituds as the direct path signal.
These situations do not consider the possibility that a
reilecting surface may be within a few wavelengths c¢cf the
antenna as would be the case if the antenna were mounted on
or near a vehicle or near trees or buildings. However the
field tests did not consider those types of situationms.
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In summary selective fading was most likely to occur, if
the direct and reflected path lengths were almost equal and
apparent nulls of the A station and B unit artennas 1lie in
the direct path. Intersyrbol interference was considered
very unlikely since the requirement of a 1large time delay
implies significantly larger path attenuaticn of the delayed
signals. So in general the long delayed signals will rot be
strong enough to distort the agnext symkol of similar
freguency.
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IV. RF LINK MEASUREMENTS IN THE FIELD

A. GENERAL CCNSIDERATION

To deterrzine the effect of multipath prcpagation or tae
AB 1link in the field a technique was developed that limited
the signals that were kteing received and trarsmitted by the
B anit. Tte helmet antenna was modified with shielding
material to limit the B unit to a direct path signal only
(configuraticn A) or +to an indirect path signal only
(configuraticn B) . By measuring the system response in
these configurations and comparing the results to the system
response with an pnnidirectional helmet antenna
(configuraticn C) a realization of the effects of multipath
was anticipated. Appendix E presents the differant helmet
antenna configurations and how they were developed.
Additionally, the height of the helmet antenna akove the
ground was varied during the field tests toc determine the
effect this wculd have on the systea. Three heights were
considered 72 1inches, 36 inches and 18 inches above the
grcund.

Two kasic experimeatal arrangements were designated to
simplify +*hs data ccllection process. In the "AB
arrangement all measursments were taken at the A station
with the excsption c¢f the B unit I/O device readings. The
primary objective of this arrangement was to analyze the
signals detected by the 2 station. In the 'EA' arrancement
all measurements were made at the 3 unit except the slaat

range readings taken from the B unit checkcut set at the A
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station. Pigures 21 and 22 show schematically the standard
'"AB' and 'BA!' test arrangements. Series of 'AB' or 'BA!
experiments were distinguished by number subscripts as shown
in the following example:

A E where i Ye2¢ o0 (X station location #)

i3

3

1,2, .,mn (B unit location #)
Cnly one experiment was fperformed at each A'Bj or EjA'

: i i
lccation.

Extensive logistic support and coordinaticn was regquired
during all phases of the field experiments. The areas of
Bt Hunter Liggett that were used fcr most of the
preliminary reliability investigations are shown in Figures
23 and 24. The tests conducted in these areas were limited
to the weekends due to USACLCEC experimentation schedules.
Thus, any BRMS component failure ussually fcrced a delay in
the testing to th=2 next weekend. Llater in the testing a
mcbile A station antenna was made available at Camp Rcbherts
(Figure 25) where the terrain is very similar to that at Ft.
Hunter Liggett. Testing at Camp Roberts was not restricted
to any time period and allowed for easier sugport.

Communications Letween operators at the A station and B
unit sites was achieved with battery powered hand-held
radios. Portable generators were used tc provide AC gpcwer
at sites where there was nct an AC Fower outlet.
Additionally, provisions had to ke made for storing Polaroid
film, shading measur2ment equipment, and transportin¢ the
equipment tc the field. The time spent transporting and
setting up equipment in the field proved tc ke one of the
limiting factors in ths total number of field expsriments
that werzs conductad. The data collected during the field
experiments is presented in Appendix F.
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‘E« TEST EROCEDURES

The data ccllection procedures required for each
experiment dspend=d upcn the arrangement (AE or BA) and the
mode of operation (SCCM or Range) being used. However, the
initial pcrtion of the procedure was the same for all the
field experiments. The 1locations of the A station and b
unit under test were recorded and the B unit was set up with
the helmet antenna at a height of 72 inches ard in
configuration C. Operating 1in the Rangs mode with
continuous <commands it was verified that the B unit was
rasgonding tc the interrogations of tae A station. Firally,
the 7834 oscilloscope was set up for recording reg=ated
events as described in Appendix B.

The <quipment was set up as shown in Figure 21 and
the initialization procedures were conducted. The case
tamperature and average output power of the A station were
measured and recorded. The A station transmitted wavefornm
was observad on the 7834 oscilloscope and compared with
labcratory standard to ensure that +the A station was
transmitting properly. Next, the signal waveform of +the A
station videoc detectcr (Pin #7) was displayed on the 7834
and the oscilloscope was prepared for recordiag single-shot
events. The B unit checkout set was put in the single
ccmmand mode and the helmet antenna changed tc configuration
A at 72 inches. At this point the system was ready to begin
measuring single events in either the Range cr SCOM mode of
cperation. Figure 26 is a picture of the A station site
during a test conducted in the AB arrangement.
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a. Range Mode

Operating in the Range mode ten single commands

were initiated and the rTesulting slant ranges reccrded.

Pictures of at least two returning range pulses relating to
particular <slant ranges were taken. If the oscillcscope
could rot reccrd in the single-shot mode due to low signal
to noise ratio the B unit checkout set was switched tc the
continuous ccmmand mode and the two pictures taken. In this
case +the photos could not ke related to a particular slant
range.

Upon completion of taking data with the Lelmet
antenna in ccnfiguraticn A at 72 inches the antenna was
lowered to 36 inches. At this height 5 sicgle events were
okserved and cne photo of a range pulse was taken. The
helmet antenna was then moved to 18 inches above the grcund
and 5 more events were observed and one phcto taken. The
same procedures were used fcr the helmet antenna in

configuraticns B and C.
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B. SCOM Hdode

Iime limitations prevented extensive field
testing in the SCOM mode however, a technigue was develcped
for measuriny individual bits in the SCOM message. Message
data are transmitted Zrom the B unit to ths A statiorn and
vice versa on four different frequency channels. These four
channels were s2nszd after detection and 1logic level
cecnvarsicn a2t the A station logic module test points 24-27
on 2lectronic board number 1. The signals were then summed
by a diode summing circuit and displayed on the
oscillosccpe. Por =ach helmet antenna configuraticr and
n2ight five intsrrogations, each wita a differsnt message
from A°'tc 3 and B to A, were made. The four bit and
thirteen bi% messages transmittad and received by the A
station and S unit were recorded for each interrogaticr. 1In
addition, at least on=2 photo of th= summed lcgic signals was

made.
2. EB Arrangegent

Th2 =quipmsnt was arranged 2s shown in Figure 22 and
the initialization procedures conducted. The B unit pcwer
treakout hcx provided the necessary test points for
mcnitoring the detected video signals but there was nct a
readily accessible point for monitoring the data channels at
the 3 unit. Therefore, experimentation for this arrancement
#as limited <to the Range mode. In essence, the same
experiments were conducted in the BA arrangement as in the
AB arrangsment. However, 1in this case +the signal of
interest was tLkat detected by the B unit and only fcr the
Range mcde. :
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G+ RESULTIS

1. Reliability Studies

The initial field experiment cbjective to
investigate multipath distcrtion effects cn the RMS signal
waveforms could not be persued immediately, since =severe
equipment reliability problems had to be sclved first.

a. Field Tests

The familiarization tests, A1B1, A1B2 and 4123,
varified that the projected field experiments could be done
with the available measurament egquipment. Since ths two 3
units usad wcrked only about two hours each, the =sffective
test time was limited. Fither more units had to be pads
available or the relialkility of the units iarroved. Since
one of tha2 B units (#237) worked properly during the entire
laporatory phase with an average daily operation tims of
fcur hours, it was suspected that high ambient field
temgperatures might have caused the observed failures. The
use of a larger sample of B units in experiments A2B1, A2B2,
A2B3, A1E4, E1A1, A2B4 and A2B4 (Appendix F) added more
unknowns to the overall system reliability prcblem. Scme of
the reliapility problems were:

- A station receiver automatic gain ccntrol failures
at high ambient temperatures

- Possitle broken RF cable connecticas

- B unit checkout set indicator 1light instability

- RF interferencse

54
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- Measurement equipment failures

- A statiom and/or B urit center frequency drift
as well as B unit receiver gain reduction with tinme
and increasing ambient tamperature

Solutions for all but the last problem were fcund by trial
and error during the second part of the reliability tests.
The solutior for the last problem was found during
subsequent laboratcry temperature sensitivity tests.

t. Temperature Sansitivity Tests

As descrited 1in Appendix G both the B unit and
the A station shewed no measurable center frequency dritft
with time c¢r increasing temperaturs. The E unit receiver
sansitivity stayed within specificaticns at rocom
temperatures. At the high temperature chosen (509C) all 3
units decayed rapidly in receiver sensitivity to values,
which made theam useless for fisld operaticn. Once a E unit
Ekrocke down urnder high temperature it did nct recover a+t room
temperature to specified receiver sensitivity values. These
results agreed with the field observations.

Cc. Alignment Comparison Test

i

Ihe results of this series of tests, Appendix 4,
explained why B units checked out or aligned by maintenance
persoanel at Pt Hunter Liggett did not wcrk properly for
more than 30 to 45 minutes in the field. The receiver gain
reduction at higher ambient temperatures investigated
previously Was related to the alignment method. A
particular B unit under test was interrogated directly ty a
Test C Staticn, so eliminating the A staticn. It was found,
that a b unit aligned to that C station did nct respord to




an A staticn put into the test RF link. If the B unit was
aligned tc an A station using an C to A to B RF link, it was
insensitive to high ambient temperatures and could be¢ used
reliably for field experiments. The latter <test setup
resembled the checkout prccedure used during former field
experiments.

The detailed results of the AB Range aode tests are
given 1in Appendix F. It was found, that degending cn the B
unit antenna height above ground, location and antenna gain
pattern severe range pulse distortion <cccurred duz to
multipath fading at the A staticn antenna. For short ranges
(about 500 meters) multipath fading was ctserved fcr the
omnidirectional B unit antenna transmission cnly. At longer
ranges hcwever, multipath fading could be cbserved fcr any
ancenna gain patern configuration depending cn the 3 unit
location and antenna height. Thke effects cf the multipath
fading were weither erromneous 'wild' =ranges or ‘nc B
response' message returns from the A station to the C
staticn, simulated by the B unit checkout set.

Figure 27 shows a typical distorted leading edge of
a range pulse <return at +the A station. A similarly
distorted range pulse was okttained during the multipath
simulaticn experiments, Avpendix D, and is shcwn in Figure
28 for ceomparison. The waveform shown in PFigure 29

generally resulted in an accurate slant range.
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Figure 27 - DISTCRTED RANGE PULSE
CETECTED AT THE A STATION DURING FIEID TESTS

Figure 28 - DISTCRTED RANGE PULSE
CETECTED AT THE A STATION DUORING SIMULATION
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Figure 29 - STANCARD RANGE PULSE
DETECTED AT THE A STATION DURING FIELD TESTS

3. EA Range dgde

This series of tests showed that although 'wild!
ranges cculd stiil be obtained at the A station, no severe
range pulse distorticn occurred at the B unit. morecver it
was verified that B units used during the AE %ests cperated
to specifications, such that wavefora distortions were not
caused by smalfunctioning B wunits as okserved durirg the
reliability tests.
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During the two path simulaticn experiment it was <shown,
that under proper phasing conditions RF fading did cccur.
The RMS system did not tolerate that situaticn and heavily
distorted range pulse waveforms resulted in uncorrelated
wild ranges. This =simulation, although being an over
simplificaticn o0f the real wmultipath c¢cnditions in the
field, prcved to be a valuable method for ¢fredicting what
wculd cccur in the field. Comparison of the predicted and
field results showed without any doubt, that the Pt. Hunter
Ligett wenvircnment nct only allows multipath to occur, but
can sericusly effect the RMS system perfcrmance in its
present hardware configuraticn. Although mainly large Range

mcde errors have been shown, further investigations into the

other communication mcdes are expected to result in
telemetric errors as well.

The wmicrc-B units operated mors reliakly when they had
tcen aligned to A stations. The Test C Station used to
align both the A stations and the B units, did not provide a
common alignment standard for the two different components.
Thus, it =seems only reasonable that many E units failed tc
operate in thke fisld. The temperature sensitivity tests
indicated that alignment drift occurs under fisld
temperatures. The degree of drift was not determined, buat
it was obvious that B units aligned to an A station were
less sensitive to large temperature deviaticns and were much
mcre reliable in the fielqd.
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The RF link between the A stations and the B units is a
critical part of the RMS system. This link must be reliable
if the system is going to prcvide accurate informaticn. In
an effort to make this link more reliable a common standard
should te developed for aligning both the A stations and the
B units. Investigating the origin and nature of the E unit
alignment drift in the field way provide a guide as +c the
most flexible alignment standard.

The effects of multipath fading on the RMS =system hLave
bEeen investigated and a technique for <cbserving these
effects has teen developed, Time limitaticns restricted the
amount of pertinent information that «could be obtained.
Further investigation of the operating areas cf Fort Hunter
Liggett shculd b= conducted to include field strength tests
to determine those areas that would be most susceptible to

multipath effects.
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APEENDIX A

B UNIT CHECKOUT SET

The B unit Checkcut Set is designed tc operate through
any standard A staticn to provide an operaticnal checkcut of
a B unit. The set acts in essence as a C station providing
the necessary logic and triggering circuitry to cause the A
station to interrogate the B unit. The set requires a 120
Volt/60 Hz pcwer source and provides the necessary 2& VDC
Fcwer Ifor the A station. The set will cause the A station
tc intsrrogate the B unit in either the Range or SCOM mode
with either a single command or continuous commands
(approximately 60 commands per sec.). The front panel of
the set ( Fig 30) has the A and B address switches (octal
address) , a mode selection switch (RNG/SCM), a power on/off
switch, four SCOM message bit switches and 12 message
response lights. The additicnal large unmarked switch to
the right c¢f the address switches 1is the interrocation
command switch. This is a three-position switch, off in the
center gpcsition, single command in the spring locaded up
position and continuous commands in the down position. On
the right =side of the upper panel are located three signal
points. The two red rpoints provide the transmitted and
received data bits respectively. The larger white point is
a synchronizing signal for use with oscillcsccpe work. The
right side panel has three cables coming frem it. The lower
single cakle is the power cable. The remaining two catles
are the A station interface cables.
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Cperating Prccedures

1. Remove the cover on the Logic Module side of tne A
station. Install the set using the carrying bandles of the
A station as supports. Disconnect the connectors A4J2 and
A4P2, then ccnnect AU4J2 and A4P2 to the two interface caltles
of the checkout set. Be sure the set is prcperly grcunded
to the A staticn ground tarminal. Do not connect AC power
tc the set yet.

2. Install desired matched (50 ohms) antenna +to the A
station. CAUTION: The antenna must be installed prior to
powering the set. Powering the set without 2n antenna on
the A staticn could cause a blow out in the A station pulse
power amplifier.

3. Positior the A address switch to match the A station
address lccatsd on a tag on the Logic #cdule of the A
station. Pcsition the B address switches tc corresgpend to
the B unit address which is the serial number of the B unit
Logic Mcduls. Connect the AC power cord to a 120V/60Hz
outlet and turn the power switch on.

4. Apply rpower to the B unit. Select Range or SCCM and

either single or continuous command as desired. The message

response lights are designed to indicate as fcllows:
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GENERAL DYNAMICS
Electro Dynamic Division

30 - B UNIT CHECKOUT SET
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APPENDIX B

TEKTRONIX 7834 STORAGE OSCILICSCOPE

The Tektronix 7834 Storage Oscilloscope is designed to
store single events at a maximum writing spesd of 25C0 cn
per mwicrcsecond. This enables - the wus2r to r=cord
single-shct rise times of up to 1.4 nanoseconds. The 7834
mainframe has a vertical bandwidth of 400 MHz ané four
plug-in ccmpartments. Two o0f the <ccmpartments are for
vertical systems and the other twe are for horizcntal
systems. The four plug-ins used for experimesntation were:

7426 Dual Trace Amplifier
7D11 Digital Delay Unit
7885 Dealaying Time Base
7BEQ Time Base

The overall operation of +the mainframe and plug-ins is
explained in detail in the instruction manuals (Refs 17-21).
The follcwing is intanded <o describe the basic mocdes of
operation that were used during the experiments and assumes
a pravious familiarization of the oscillosccpes f2atures. A
picture of the scope front panel is shcwn in Figure 10.
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This cperating mode was used in the 1laboratory to
det2rmine the average propagation time of the range pulss
from the A statiocn to the B urit and back.
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Te On the mainframe, set the display mcde to Non Stcre,
adjust the A channel and readout intensity tc display the
baseline and digital readout.

2. On the mainframe, set the vertical mode to Left, A and B
trigger scurce to left Vertical.

3. Connect the input signal to either channel 1 or 2 cf the
vertical amplifier, 7A26, and set trigger scurce and disglay
mode respectively.

4. Connect an external trigger source, which can be either
the input signal itself or a synchronous sigpal from the 3
unit checkout sst, +to the external trigger input cf the
digital delay unit.

5. Connect the delayed trigger output *0o “he ex+ternal
trigger input of the delaying time base, 7B85. On the 7D11
set the count mcde to Time Interval Clock and the trigger
mode to AC Ccupling, source external. Only cne time base is
used fcxr' this mode, Set the delaying time bass to
Independent delay wmade, trigger Ccupling AC, source
External, mods Normal.

6. Adjust the trigger levels of the 7D11 and the 7B85 fer a
stable display.

7. With the delay time knob of the 7D11 mcve the 1leading
edge of the transmitted range pulse to any of the vertical
graticules and expand the leading edge with Time/Div krck of
the delaying time Dbase. If the trace becomes to weak to
see, put the display mode to Var Persist and adjust the
conannel intensity and storage level.

_ 8. Line up the 50% point of the 1leading edge with a
1 graticule and record the delay time readout cff the CRT.

\ 9. Move the delay time knob un*til the received range rpulse
falls onto the same graticule with its S0% leadinc edge
point. Record the delay time readout off the CRT. The time
difference tc the first readout is the total time of travel.
The actual propagation time can be determined by subtracting
the internal B unit delay time.
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Becording Sipgle Event

{E J The total transmission «cycle display was used for

. initial RF link testing during laboratory and field
experiments and is the mode from which preraration for a
single-shot event recording could be made. The digital
delay unit was not used for this measurement.

{2 The initial mainframe settings are the same as those
used previcusly, 1 and 2 above.

2+ Connect the input video signal tc one of the two
channa2ls cf the vertical amplifier.

33 If operating at the A station ccnnect the synchronous
trigger signal from the B unit checkout set tc the extsrnal
trigger input of the delaying time base. Feor operation at
the B unit use the signal itself as thes external trigger
source.

4. Set the d=2laying time base scale for display of the
entire transmission cycle and adjust the trigger level for a
stable display. Set the B delay mode to E Starts After
Celay.

5. On the delayed time base, 7880, check that +he trigger
controls are set the same as those on the delaying time
base, 7B85.

6. Adjust the display intensity so that the delayed sweep
intensified zone becomes visible. The intersified zcne may
te wvaried with the Time/Div kncb on th2 delayed time base,
7880.

1s If the display is not stable change the trigger mcde on
toth time bases to Peak to Peak Auto ané readjust the
trigger level carefully.

8. To prepare the scope for a single event recording, move
the 4intensified zone with ¢the Delay Time knob cof the
delaying time base, 7B85, over the desired waveform section.
On the wmainframe, push the B herizontal mode button. This
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causes the delayed time base to control the display.

Qe Set the display wmode to Fast Var Persist and mzximunm
Auto Erase. This causes the display to Le erased about
every seccad.

10. Adjust the storage level, persistance and intensity for
the desired readout and trace visibility.

11. Turn the Auto Erase button off. The sccpe is now ready
to record a single-shot event.

1. After the scope has been set up to reccrd a single =vent
push the Autc Erase button. This opens the input channel
tor a new recording.

2. The next signal into the input channel will trigger the
scope. Pusk the Save button to store the display c¢n tae
scoge.

3 The C-12 camera and adapter are designed for use with
the 7834 scope. They enable the user to take a Polarcid
picture c¢f the scope display. Make sure that the scope
display is properly focused and set at the ccrrect level of
intensity prior to taking the picture.
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APEFENDIX C

SINGLE-PATH EXPERIMENTS

Two single-path signal experiments were conducted in
this phase of the work. The first experiment provided a
working knowledge of the RMS A station and B unit ard sonme
operational familiarity with the 7834 oscilloscope. The
seccend experiment investigated the effects of Fath
attenuaticn on the detected signal waveforms and the system
response in gsneral. Bcth experiments utilized the tLasic
satup illustrated in Figure 11.

Experiment 1

Cbjectives

1. To investigate the signal waveforms of the A staticn and
the B unit urnder test.

2. To determine the standard range bias of the A station/B
unit checkout arrangement.

3. To investigate the internral delay of the B uanit for
stability.

4, To investigate the effects of noise contributions fron
the cabled single path and other sources.

Procedure

[ A staticn 010, micro-B unit 237 and the B unit checkout
set Wwere set up as shown in Figure 31. The ncmenclature and
serial numbers of the cther experiment hardware is given.
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Itenm Nomenclature Serial No.
Attenuator 1 KAY Variable Attenuator 9666
Attenuactor 2 Telonic Variable Attenuatcr 9130
Cable 1 Belden RG 213/U 9.75 nmeters
Cable 2 Belden RG 213,/0 1.04 meters
Cable 3 Helmet Antenna Cable
Cirectional HP 765D 9166
Coupler
Crystal HP 4204 73
Detector
LC Power PMC 26643
sSource

Note: All cables were 3G 213/U0 with a relative permativity
of 2.26. The cables were measured in 1length with the
Hewlett Packard 181524 TDR/Sampler and the AN/USH-310(V)2
Oscilloscope. RG 213/U0 is specified to have 9 dB 1loss per
100 ft at 910 MHz. Attenuator 1 was set at 30 &8 and
attenuator 2 was set at 50 dB. A 3 dB loss due *o cabling
was calculated so there was a total <c¢f 83 dB of path
attenuaticn., This was well within the specified ofperating
range of 59 dB to 104 dB for the systenm.

The Hewlett Packard 765D Dual Directional Ccupler
attached to the A station antenna port prcvided a versatile
test point. By putting a crystal detector at the fcrward
direction branch port the ¢transmitted signal of the A
station could be monitcred. If a thermistor coupled povwver
meter were 1inserted at this test ©point, the average
transmitted power of the A staticn could be monitored.
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2. The micro-B wunit requires a 24 to 30 VDC source which
was provided by a PMC power supply via the B unit power
breakxout Dbox. In addition, the breakcut box prcvided
saveral test points frcm which various B unit signals could
be monitored. Pin 11 was of particular interest because it
provided the B unit detected video signal. The videc signal
consists cf both the transmitted and received video sicnals.
To determine if the B unit was ON, the test Lbutton on the B
unit I/0 devicewas depressed. If the 4 lights on the I/O
device were illumirated then the B unit was cperating.

3. The B unit checkout set and the A staticr were set up as
detailed in Appendix A and power was applied to the checkout
set. The cover on the Transmitter/Receiver side of the A
station was removed. Fin 7 located on the lcwer right-hand
side o¢f the squelch module is a test point used to okserve
the received signal of the A station. This is - cilearly
explained c¢n page 6-13 of Ref. 16. The probe in Figure 32
is attached to pin 7.

4. The B unit checkout set was set to Range and continucus
command modes. A steady range reading of 64 meters was
indicated by the checkout set.

S. The 7834 oscillosccpe was set up to record repeated
events as detailed in Appendix B. The input to channel 1 of
the scope was the signal ¢transmitted by the A station
datected by a crystal detector at the directional coupler.
The input to channel 2 of the sccpe was the E unit detected
video signal. Pigure 12 is a picture of the resulting
sigpnal wavefcras.
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6. The input to channel 1 was changed to the A station
received signal ( pin 7 on the squelch module). The signal
waveforms were observed and several range pulses were
rhotograghed. Cable 2 was then changed to a length of 39.4
meters and a range reading of 122 meters was displayed on
the checkout set. The extra cable length added 7 d3 to the
path attenuation but this was still within the operating
range of the system. Several range pulses were photograpined
fcr this path lehgth.

T The internal delay time cf the B unit was mesasured by
putting the P unit detected video signal on kcth channels of
the scope. Using the dual sweep delay on the scope both the
received and transmitted range pulses could te expandeé and
displayed simultanecously, Figure 33. The upper trace cf the
figure is the detscted A to B range pulse (100ns/div and
20mV/div) and the lower trace is the B tc A range fpulse.
Merely by aligning the 50 percent point of each pulse to a
common verical graticule the time Dbetween receiving and
transmitting a range pulse was read directly form the scope
display as 109.1 microseconds.
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Besults

There is definitely a bias factor that must be applied
tc the slant range readings taken from the checkcut set.
The speed orf transmission in coaxial cable differs from that
of free space by a factor of the square root of the relative
permativity of the «center conductcr of the cable.
Therefore, it is weasily shown that a given length cf RG
213/0 correspcnds to a calculated path length in free space.
A cable 1length of 1.04 meters corresponds to a free-space
path length cf 1.68 meters and a cabie length of 39.4 meters
corresponds to a <free-space path length cf 59.23 meters.
Subtracting these free-space 1lengths from the respective
slant ranges yielded a bias of about 62 meters. Since cable
1 and the attenuators remained the =same throughout the
single~rath and multipath experiments their ccntributicns to
this bias was not considered.

The system operated acccrdirg to specifications and the
waveforms that were recorded were as expected. Pigures 12
and 34 show the signal waveforas correspondinog to the Range
mode. As previously explained, Figure 12 has the signals
transmitted by the A station on the upper trace and the B
unit detected video signals on the lower trace. Figure 34
has the same B unit detected signals on its upper trace and
the signal received by the A station on the 1lower trace.
The twc pictures show the complete signals received and
transmitted by the A station and the B unit in the Range
mode. Expanding th2 range pulse led tc scme interesting
results.




Figqure 34 - RANGE MODE SIGNAL WAVEFPORMS

The expanded range pulses detected at the B unit ard the
A staticn are shown in Figurss 3524 and 3SE respectively.
The range pulse detected at the B wunit 1is sharp with a
slight overshoot. The range pulse detscted at the A station
indicated a much noisier signal. By expanding the puls=2
more (Figure 36) it was determined that the additional ncise
was at the irtermediate frequency (IF) of the A station
Leceiver. It was concluded that the noise was due to
leakage in the IF section of the receiver. This seemed to
te characteristic of all A stations and had no effect cn the

range accuracye.

The internal delay of the B unit was measured several
times during the -experiment. It was clear that any
variations c¢f the internal deslay during cgeration cf the
system in the field would cause ranging ertors. However,
the: experiment indicated that the internal dely was stable

at 109.1 microseconds.
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Objectives

1. To determine the operating range of the A station/E unit
combinaticn under test.

2. To determina the effect of path attenuation c¢cn range
datz and range pulse shape.

Procedurss

1. The setup for this experiment was the saze as tha*t shcwn
in Pigure 31, The experiment hardware was the same as in
the previcus sxperiment. Cakle 2, the RF 1link, was 1.04
meters in length. ‘

2. Operating in the PRange and continuous command modes
Attenuatcr 1 was varied from 0 4B to 80 dB. This varied the
totdl path attenuation from 53 4B to 133 dB. In each
setting of attenuation the checkout set was placed in thse
single-ccommand mode and photcgraphs recorded the shape of
the range Ffulses as detected at the B unit and the A
station.

3. At each setting slant ranges were reccrded in both thz

single and ccntinucus command modes.

4. Range fpulse rise times were measured frcm expanded range
pulses detected at the B unit. Rise time was defined tc be
the time it took the leading edge of the range pulse to go
from its ten percent amplitude point te its ninety percent
pcint.,
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Table C-1 gives a summary of the data ccllected during
this experiment. For each value of total ©path attenuvation
the range c¢f slant range readings is indicated and swether
the resgcnse was ‘'steady' or ‘ot steady! in the
continuous-ccmmand mode. A 'steady' response means that the
B unit responded properly to every interrogation by +the A
station or that the B unit failed to respcrd to any cf the
interrogations. In addition, for each attenuation setting
an average slant range is indicated. This value is the
average of more than thirty single-command respcnses.
Figures 37-44 present rspresentative pictures of range
pulses for selected values of path attesnuaticn. Each figure
consists of two pictures, cne c¢f a range pulse detected at
the E unit and one of a range pulse detected at the A
station. The slaat range corresponding to a particular
pulse is alsc indicated.

When the path attenuation was less then 60 dB thers was
never a respcnse to the interrogations of the 4 station.
This was expected and meets the specified 1limits of
operation for the nicro=B unit. That is, when the
interrogating signal arriving at the B unit is too laroce the
automatic gain control (AGC) of the B unit receiver is
'saturated' and a 'no B response' results. The tabulatad
data alsc shcws that for values of path attenuation greater
than 120 dE the B wit never responded. At a gath
attenuaticn ocf 118 dB the resgonse of the B unit was not
steady, sometimes the checkout set indicated a proper E unit
response and slant range and cther times a 'no B resgonse'
cccurred. It was determined that leakage from the
attenuators and cable connectors were <creating alternats
raths fcr the signals. When RF shielding material was
placed around all the connectors this problem vanished.
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It is clear from Figures 37-44 that as the path

a2 et i b e At

attenuation was increased the average slant range increased
and the range pulses became more distorted Lty noise. By
expanding the range pulse to look at the leading edge it was
apparent that in addition to overall range fulse distcrtion

A PR3, 1

Do . i A A . 3

the increase in attenuation caused an increse in the riss

time of the lesading edge. Figures 45-47 are pictures cf the

leading edge of range pulses detected at the B unit fcr the :
indicated values of path attenuation and slant ranges. For §
each picture the rise time is given. Even fcr low values of {,
path attenuation (70 dB) the rise time (60 nanoseconds)
differs significantly from the specified value cf 40-45
nanoseconds. Since slant ranges rely on the detection cf the §
leading edge of the range pulses, the increase in slant ;i
range as the range Ffpulse rise time increased was not
unexpected. Assuming that both the A station and E unit

range slicing levels were set at the f£ifty percent point a
change in rise time cf 10 nanoseconds fcr each range pulse

would cause a 3 meters error in the slant range.

I¢ was assumed that the deviation in rise time was due ;:
to the introduction of passive circuit elegents intc the
system by the attenuators and not a shertcoming cf the A
station or the B unit. However, it is quite apparent that
distorticn <c¢f the range ©pulse, in particular the leading
edge, causes errors in slant range data that may be 3
E significant depending cn the amount of distcrtion. V
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Figure 46 - RANGE DETECTED AI THE B UNIT
EATH ATTENUATICN 93 LB RISE TIME 89 NS
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A similar experiment was conducted operating in the SCOH
mode. The results of this experiment were essentially ths
same as that for the Range mocde. When the <signal arriviag
at the B unit was too large a saturation ccndition existed
and a 'no B regonse' resulted. Also, when the path
attenuaticn was greater than 120 dB a 'no B resgonse!
resulted. There was no apparent bit shifting dus to high
attenuaticn nor was the noise in the channel large enough to

cause bit errors.
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APPENDIX D

MULTIPATH SIMULATION EXPERIMENTS

The kasic multipath simulaticn of Figqure 14 was used in
several expsriments to test the system response tc two
signals arriving at the A station or the B urit at about the
same time. The overall objective of these experiments was
to determine if it was possible to create conditions that
might cause system errors such as 'wild! ranges. Dual
directional couplers were used tc isolate the two signals so
different ccmbinations of signal strength and path lengths
cculd be investigatad. A secticn of variaktle length ccaxial
cable inserted in the direct path allcwed for the changing
cf the phase reslation between the two signals as they
combined at weither the A staticn or the B unit. Figure 48
is the actual laboratory simulation setup with the RF

shielding material removed.
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Objective

Experiment 1

To determine at what signal strengths the delayed signal has

an effect on the system response in the Range mode.

Procesdures

1. The equipment was set up as shown
dual directional
lcss to each path.

coutlers
Prior to beginaiang the

introduced

Figure 49. The
an additional 20 dB
zultipath tests

each path was tested independently to insure that bota paths

were operatad propsarly and that the noise level in each path

was satisfactory.
of
free-space

free-space path
corresponded to
experiment the variable length section of

was kept in

The direct
10.1 nmeters

the closed position,

ccrresponded to a

delayed path

path of 58.2 meters. For this

direct path

Due to a failure in the

internal 5 Vclt power supply of the B3 unit checkout set, an

additional ©[C power scurce was required to
th2 logic section of the checkout set.
serial numbers of the remaining hardware is

Lten

Directional
Couplers

25 4B
Attenuators

Variakle
Attenuators

LC Power
sources

Nomenclature
HP 765D
Telonic
KAY
PMC

96

grovide power to
ncmenclature and
given.

177

erial Ngc.

9165
9166

9130
5143B

871
9666

36643
72577

4
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2. Both paths were connected. The variable attenuater in
the delayed path, attenuator 1, was set to 0 dB. The system
was operated in the Range and ccntinuous ccamand modes. The

variable attenuator in the direct path, attenuator 2, was
incremented frem 0 4B to 30 dB. At each settirg of
attenuaticn, twenty single commands wWwere initiated and the
resulting slant ranges were recorded. Several pictuyres of
range pulses were taken at each setting.

3. The procedure in 2 above was repeated with atteruator
set at 0 dB and attenuator 1 varied from 0 4E to 19 dB.

Besults

Tables <[-1 and D-2 show the results cf the single-path
tests for the direct and delayed paths. As <expected, toth
raths operated properly over the specified range of signal
levels. Figures 50 and 51 are pictures <c¢f representative
range pulses detected at the B unit for each path operating
independently. The results of the nwmultipath simulation
tests are shcwn in Table D-3. Figures 52-59 are pictures of
range pulses detected at the B unit for the indicated
attenuaticn combinations.

It was apparent that when the strength of the
delayed-path signal was withir 3 dB of that of the direct
path the B unit failed to respond to the interrogaticms.
Figure 54 <clearly shows the presence of two range Fpulses
arriving at the B unit about 160 nanoseconds apart. This
time difference <corresponds to the differsnce in length
tetween the delayed and direct paths. Since the duration of
a range pulse is much longer than 160 nanoseccnds, the range
pulse of the delayed path is superimposed upcn the pulse of
the direct path. The amcunt by which the second pulse
effects the first is determined by the relative strength of
the two signals and the phase relaticn bstween the two
signals upon arrival at the B unit.
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Table D=1 DIRECT PATH ATTENUATION TEST

TOTAL PATH AVERAGE ; RESPONSE

. ATTENUATION (DB) RANGE (METERS) STABILITY
70 71.5 STEADY
75 | 72.5 STEADY
80 i 75.8 . STEADY
85 0 76.9 ‘ STEADY
, 90 ; 77.3 STEADY
é 100 i 78.6 STEADY ‘
g 105 | 78.8 STEADY
% 110 ' 82.0 NOT STEADY
? 115 ; 88.2 NOT STEATY
120 | NO B RESPONSE STEADY

\
e B — i i
S e et

Table D;é DﬁiAYED PATH ATTENUATION TEST

AVEPAGE RESPONSE

? 1 TOTAL PATH

: ATTENUATION (DB) RANGE (METERS) STABILITY
- 80 | 117.2 . STEADY
E | 8s 120.9 STEADY
- 9 121.7 STEADY
E | e . 122.2 STEADY
; | 100 | 126.0 STEADY
- | 110 127.1 STEADY
P | 115 ' NO B RESPONSE STEADY

E | 120 e NO B RESPONSE STEADY
i 99
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Figure 50 - DETECTED RANGE PULSE FOR LCIRECT PATH

Figure 51 - DETECTED RANGE PULSE FOR LELAYED PATH
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It is also apparent that the pulse amplitude in Figures
53 and 54 are significantly greater than thcse correspcnding
to a proper B unit response. These large amplitudes create
the saturated condition ip the B wunit receiver discussed
previously in Appendix C. The initialization pulse cf the
Range mode message sets the AGC level in the B unit

receiver. If superpositioning affected the initialization
pulses as it did the range pulses, then the second
initializaticn pulse would cause a saturated conditicn in
the B unit receiver. This would lead to a 'no B response'
result.

When the direct-path signal was 6 dB 1less thar the
signal of the delayed path erroneous 'wild' ranges resulted.
Although the system response was not steady, tetter than 80
percent of the slant ranges were 'wild.' The range pulse in
Figure 55 is quite distorted and resulted in a slant range
of 458 meters. It is clear that the range slicing level of
the B unit was set such that it was triggering on a point
cther than the leading edge of direct-path range gulse.
This result shows that the RMS system is capable of
proeducing erroneous range data uwnder these simulated
conditions. Whenever the signal of either path was nmore
than 6 dB gqreater than the signal of the cother path, the
system responded properly and indicated slant ranges
correspondin¢ to the 1length of <the path cf the stronger

signal.
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Figure 52 - DETECTED RANGE PULSE
DIRECT-PATH ATTENUATION 73 DB
DELAYED-PATH ATTENUATION 80 DB

Figure 53 - DETECTED RANGE PULSE
CELAYED-PATH ATTENUATION 80 DB
i DIRECT-PATH ATTENUATION 75 DE
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Figqure 54 - DETECTED RANGE PULSE
DIRECT-PATH ATTENUATION 80 DB
DELAYED-PATH ATTENUATION 80 DB

Figure 55 - DETECTED RANGE PULSE
DIRECT-PATH ATTENUATION 83 DB
DELAYED-PATH ATTENUATION 80 DB
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Figure 56 - DETECTED RANGE PULSE i
DIRECT-PATH ATTENUATION 85 DB ‘
DELAYED-PATH ATTENUATION 80 DB
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Figure 57 - DETECTED RANGE PULSE
DIRECT-PATH ATTENUATION 86 DB
DELAYED-PATH ATTENUATION 30 DE
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Figure 58 - DETECTED RANGE PULSE
DELAYED-PATH ATTENUATION 80 DB
DIRECT-PATH ATTENUATION 88 DB

Figure 59 - DETECTED RANGE PULSE
DIRECT-PATH ATTENUATION 95 DB
DELAYED-PATH ATTENUATION 85 DE
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Experiment 2

Objectives

Te To create an extreme case of multipath interferencs and
determine the effects on the system operating in the Rangs
mode. The phase relation of the two sigpals in the
multipath sisulation was adjusted to cause a maximum amount
cf distortion to the Range mode signal wavefcrms.

2. To determine if complete cancellation cf the direct-path
signal cculd be achieved.

Brocedures

Te Again, the arrangement shown in Figure 48 was the
starting point for this experiment The same hardware vwas
used in this experiment as in the first multipath
experiment. The direct path had an initial gath loss cf 70
dB with variable attenuator set to 0 dB. The delayed path
had an initial path loss of 80 dB. The secticn of variable
length coaxial cable in the direct path was initially set in
the closed pcsition.

2. The system was operated in the Range mode with
continuous commands. The range pulse was “he only pcrtion
of the signal wavefcerm that was c¢f interest in this
experiment.

3. The variable attenuators of both paths were set such
that the signal strength of the delayed path was from 12 4B
less to 9 dE greater than the signal strength of the direct
path. At each setting the variable 1length section was
adjusted for maximum range pulse distortion. Pictures were
taxen of range pulses detected at roth the A station and the
E unit.

4. By setting the variable attenuator in the direct paih to
10 dB the signals of the two paths were as equal as could be
measured or calculatsd. The variable 1length section was
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adjusted for a minimum range pulse signal and the results

were recorded.

Tge results of this experiment are shown in table D=4,
The table indicates the total path attenuation settings for
each path, the average range response fcr at least 20 single
command interrogations, the <rssponse stakility ané the
setting fc the variable length cocaxial cable section. Tae
numbers in the —respcnse stability column indicate the
percentage <c¢f proper responses for that setting. The
remaining Gfpercentage of interrogations resulted in either
wild range or 'no B resonse' results. The variables 1length
section was calibrated in millimeter increments and the
settings indicate the amount of extension from the closad
position. As indicated, there were several instances where
the system gave a 'no B response' result. Scme of the nmore
severe cases of range pulse distortion are presented in
Figures 60-6Z. Each figure consists of twc pictures of
range pulses, one detected at the A station and one at the 3B
unit. The amount of distcrtion was about eqgual for the <two
types o©f range pulses. Figure 28 presentedé previously and
Figure 63 shcw the most severe distrtion achieved. Both
figures are pictures of range pulses detected at the B unit,

Complete canc=zllation of the direct-path signal was
never achieved. Although minimum signals caused distcrction
of the signal waveforms, the combined signal was zlways
large encugh to trigger +the B unit. When the system was
operated at the maximum specified coperating range, that is
Witk both rpaths set at 109 dB of attenuation, it was
possible to cause the system *to give a ‘'nc E resgonse!
result. In this case, the strength of the combined signal

was too lcw to trigger the B unit.
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Figure 60 - SEVEKE RANGE PULSE DISTORTION
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Figure 61 - SETERE RANGE PULSE DISTCRTION
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f Figure 62 - SEVERE RANGE PULSE DISTORTION
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Experiment 3

Objectives

1. To determipe the effect of the multipath simulation on
data bits in the signal waveforms of the SCCM messages.

2. To determine if bit shifting can be caused under the
multipath sigulation.

Brocedures

1. The same nultipath simulation arrangement (Figure 49)

was used as that employed in the first two multigath
simulaticn experiments.

2.4 Prior to commencing the multipath G[pcrtion of the
experiment, the effects of path attenuation cn the SCOM mode
signal waveforms for each 1individual path wers measured.
Operating in the SCOM mode with single commands, the message
data bits detected at the B unit were monitored. The total
Fath attenuation for each path was incremented over the
specified oferating range of the system and the resrponses
recorded. Fcr each attenuation setting, several dingle
commands were initiated at the B checkout set. For each
ccmmand, the four bit SCOM message transmitted by the A
station and the four bit SCOM message received by the E unit
as indicated on the B unit I/0 desvice were recorded as well
as the response lights of the B unit checkcut set.

3. In the multipath simulation portion of the experiment
the same information was monitored and recorded as in 2
above., <Cperating initially with the variable length section
of the direct path in the <closed position, the path
attenuations were varied and the responses at each settiag
were recorded.

4., The variable length section cf the direct path was set
to 10 cm and step 3 of this procedure was rereated.

5. Sveral path attenuation combinations were selected. For
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each comkination, the variable 1length section was set to
several tpositions and the system response recorded as
before.

Besults

In the single-path tests, whenever the path attenvation
was greater than 105 dB the B unit failed to display the
message transmitted Ly the A station. Although the system
did work fproperly within its specified operating range, it
had worked over a larger range of path attenuation in the
Range mode. Table D-5 shows the results for the single-path
tests. Figure 64 is a picture of the detected video signal
of the B unit and shows three message bits for a ccommarnd

that resulted in correct response. The bicture of Figure 65

shows similar message bits for a command where a 'nc B
response' resulted. This picture shows a large noise spike
in the middle bit. There were ro instances of bit shifting
or wrong messages being displayed during this test. oOrnly
one instance occurred where the B unit received and
displayed the correct transmitted message and then failed to
respond to the A station. It was concluded that rpath
attenuation in a single path would not cause errors in the
SCOM mode provided the system was operated within its
designed cperating range.
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Figure 64 ~ SCOM MESSASE BITS

Figure 65 - DISTORTED SCOM MESSAGE BITS
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In the wmultipath simulation, for a fixed direct-path
length, which does not result in phase cacncellation, the
system cperated properly for all atenuation combinations
selected, Tatle D-6. The pictures of Figures 66 and 67 shcw
that distrotion of the message bits did occur, but nct
enough to cause errors. However, when the variable =section
cf the direct path was adjusted for a near cancellation
condition, the B unit failed to respond to the A station,
while at tbe same time the B unit correctly detected and
displayed the SCOM message transmitted by the A station.
This type of response happened several times as is indica*ed
in Table D-7. The signals shown in Figures 68 and 69
correspond to two irstances where the E unit correctly
received and displayed the SCOM message but failed to
respond to the A station. There were nc case where the 3
unit displayed an incorrect SCOM nmessage nor was bit
shifting evident.
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Figure 66 -

DI STORTED SCOM MESSAGE BITS

FPigure 67 -

DISTORTED SCOM MESSAGE BIT
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Figure 68 - SCOM MESSAGE BITS THAT GAVE A NO B RESPCNSE

Figure 69 - SCOM MESSAGE EITS THAT GAVE A NO B RESPCNSE
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APPENDIX E

HELMET ANTENNA MODIFICATIONS

The cbjective of this section was to design
modifications to the basic helmet antenna <that wculd
significantly alter the antenna pattern. Three tasic
horizontal antenna patterns were desired and ars shown in
Figure 70. Configuration C is the omnidirectional case and
no modifications were needed. Configurations A and B
clearly require some modification to the helmet antenna.
Configuraticn A has a pencil beam pattern and thus can be
used to limit signals to the direct path. Ccnfiguraticn B
produces a horizcntal pattern with a deep null in one
direction thus can be used to block the direct path signal.

The design of the modifications was by trial and errcr.
Aluminum shielding and RF absorbing material was used to
alter the radiation pattern <£or the antenna. Orce a
modification had been made the horizontal pattern for the
mcdified antenna was measured. Figure 7t is a diagram of
the setur used to measure the antenna patterns. For testing
and convenience purpcses, configuration C consisted cf the
helmet antenna mounted on a 12 in. by 15 in. sheet of
aluminum with one and one-half inches thick piecs of
aksorbing material between the antenna and the aluminum
(Figure 72). Pigure 73 is the resulting horizontal pattern,
which is nearly the omnidirectional case. The maximum gain
was used as a reference and set to 0 dB.




R

CONFIGURATION C

CONFIGURATION A

CONFIGURATION B

Figure 70 - IDEAL HORIZONTAL PATTERNS FOR THE HELMET
ANTENNA
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FIELD CONFIGURATICN C




Figure 73 = HORIZONTAL PATTERN CONFIGURATION C




For configuration A an alumipum box with a one inch wide
slit, vertically oriented, was placed over the helmet
antenna in configuration C (Figurse 74). Additiorally,
atsorbing material was packed between the box and the

antenna. Figure 75 is the horizontal pattern for
configuraticr A. The maximum gain in the fcrward direction
vas approximately -6 4B with respect to the omnidirectional
case. This gain reduction was not considered significant
since the desired sideward gain reduction was achieved.

Configuration B is shown in Figure 76 and consists of a
cne and cne-half inches wide strip of aluminum vertically
oriented placed in frcnt of the antenna of ccnfiguration C.
The space between the antenna and the metal was filled with
aksorbing material. The horizontal pattern for
configuration B is shown in Figure 77. The desired wmaximunm
gain in tke sideward directions was about 1 dB below that of
the omnidirectional antenna. The gain reduction achieved in
the <forward direction was almost 6 dB relative to the
sideward 1level.

Equipment limitatiors precluded taking exact vertical
patterns for configurations A and B. However, fror +the
patterns that were available it was concluded that no severs
gain reduction occurred up to 40 degrees above the

horizontal rplane. This agreed with the results of previous
tests (Ref. 1).
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Figure 74 - FIELD CONFIGURATICN A
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Figure 75 - HORIZONTAL PATTERN CONFIGURATION A
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Figure 77 - HCRIZONTAL PATTERN CONFIGURATION FE
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APPENDIX F

FIELD TESTS

The first series of tests used the A station site JO5
near the Ft. Hunter Ligett airfield. The three B unit
lccations are shown in Figure 23.

Eield Tests A1B1, A1B2 and A1B3_ (Rangg_mode) The

objective of these experiments was to become familiar with
the intended measurement procedures for the field. e Was
expected to determine additional requirements and to report
abnormal results. The test setup used was the standard a3
configuraticao of Figure 21.

In test A1B1 the B unit was at a distance of about 270
meters <from the A station. Since reflecting objects were
located at a large distance from either the A station cr the
B unit, it was expected that the direct-path signal would be
dominant The data collected and significant signal waveforams
are shown 1in Table F-1 and Figures 78-82. The range pulss
transmitted from the 2 station was <checked frequently and
showed nc distcrtion, Figure 78. After akbcut two hours cf
cperation the B unit responded only intermittendly to
interrogations from the A station. The ambient temperature
had climkted to abour 40Q°C.

Pigure 79 shows a returning waveform detectad at the A
station, which was determined to be IF noise. Since any
video detected RF carrier showed IF leakage, Figures €1 and
82, it was ccncluded that this waveform represented either a
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very low power signal or one which was off center frequency

due to alignment fluctuations caused by high temperatures.
The A station ranged on these signals at random resulting in
wild range readings as shown in Figures 79 and 80. Since
these wild ranges occurred at antenna configuration B,
elevaticn 72 inches, it was concluded that in addition to
the reasons indicated above, antenna gain reductions might
have caused povwer loss also. Range pulse waveforms for good
range results are shown in Figures 81 and 82. Only slight
envelope variations could be observed at different antenna

.configuraticns not affecting the 1leading edge of a range

Fulse.

Experiment A1B2 was performed to compare the results in
A1B1 against another B unit, set up for test purposes at a
known distance. This test B unit respcnded during 30
interrogations with a good return range pulse. A - typical
range pulse is shown in Figure 83. Envelope variations did
not affect the leading edge in any of the cktserved cases.
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For experiment A1B2 the B unit used in A1B1 was 1lccated
about 800 wmeters away against gentle rolling hills. For
this deployment wmultipath = propagation could occur. The
objective was to determine wether due to the short rarge in
A1B1 the B unit might have been in an A station antenna
null, which effects would have teen more serious at artenna
configuration B. At this time however the B unit failed to
respond at all. Since another B unit was not readily
available the experiment had to be postponed to the next
day. The B unit was checked out later using the single path
simulaticn test setup. It was found that the B unit resondad
cnly over a path attenuation range from 30 dB to abcut 65
dE.

The next day experiment A1B3 was ccntinued with a
different B unit using only a time period frcm 6 am to 10
am, while the ambient temperatures were relatively low. The
acquired data for experiment A1B3 are shown in Table F-2.
Figure 84 =<shows a typical range pulse return. All range
readings were acceptable. Slight «range pulse envelcpe
variations did not affect +the 1leading edge of the range
Fulse, as shcwn in Figures 84 and 85.
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Figure 79 - SIGNAL AT THE A STAON SHOWING IF NOISE
SLANT RANGE INDICATED 2 M

Figure 80 - SIGNAL AT THE A STATITION SHOWING IF NOISE
SLANT RANGE INCICATED 4190 X
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Figure 81 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONPIGURATION A-36 INCHES, RANGE 266 ¥

Figure 82 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION C-72 INCHES, RANGE 270 M
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During experiments A1B1 tc A1B3 the fcllowing general
cbservaticns were made: The B unit I/0 device failed, when
SCOM mode experiments were attempted. Wwithout +the I/O
device ccnnected the B unit represented insufficient lcad to
the batteries. The B unit had to be connected to a
requlated DC power supply, fed by an AC generator.

From these 1initial fawmiliarizaticn exgeriments it was
concluded that

e More B units had to be made available to =2xtend total
test time.
2. Tests had to be conducted during lcw ambient field

temperature periods to avoid B unit failures.

3. Further investigations were rsquired tc determine why
the B unit failed after a relatively short time of operation
in a high temperature environment, while it had worked for
the entire laboratory <xperiment phase.
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Figure 83 - 2RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION C-72 INCHES, RANGE 4958 H
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Figurs 84 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CCONFIGURATION C-72 INCHES, RANGE 808 M
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Figure 85 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION A-18 INCHES, RANGE 808 M
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Pield Test A3B1

Field test A3B1 was perforred at Camp Rcbherts Military
Reservation. The standard AB test setufp was used tc find
out whether a stable RP 1link could be established. A
station and B unit locations are shown in Figure 25.

Using all three B unit antenna configurations and two
pretested helmet antennas as well as one highly directional
circularly polarized Helix antenna, the fcllowing —results
were obtained: The B unit with helmet antenna unshielded
responded steadily for about 45 minutes. Then it started to
respond intermittendly.: Varying the an*enna height, the
configuration as well as the position withir a wavelength
did not imprcve the respanse. Using the helix antenna (9 d3
gain over isctropic) regainred steady responses for about 10
minutes. Finally after about 2 hours the E unit failed to
respond at all. A hard wired single-path simulation
verified that the B unit receiver sensitivity had degraded.
Steady responses could ke obtained orly from 30 to 65 dB of
path attenuation. The following conclusions were drawn:

1. The B units checked out and aligned by @maintenance
personnel at Ft. Hunter Ligett generally decayed in receiver
sensitivity after a short time of continucus operatica at
field temperatures between 25 and 450C.

2. They decayed slowly or rapidly depending upor the
particular E unit. In this experiment as w2ll as in test
A1B4 the sepnsitivity reduction <could be balanced wusing
higher gain antennas.

3. A spuriously responding B unit turned off m®may Teccver
for a short time as observed during the single-path test
fcllowing test A2B4.

4. Laboratecry temperature sensitivity tests had to be done
to investigate wether aaplifier circuit bbreakdown c¢r RP
center frequency drift was causing this sensitivity
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degradaticn.

S. The B unit found decaying in receiver sensitivity using
. the standard single-path test were returned to the
i-. maintenance facility. There +they chacked out to oferate
according to specifications. Therefore a ccmparisoca tast
had to be made between checkout procedures. The results of
the temperature and checkout comparison tests are given in
Appendices G and H.
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Eield Tests 281, 4282, a2B3, A1B3_and B1A1

y B The objective of the first three of this second series
P of experiments was to investigate RF link signal waveforams
. in an environment 1likely for multipath propagation. The
test setup was the same as described in test A1B1. This
time however a preliminary 'room test' was perforrmed to
ensure proper A station and B wunit operation. At roonm
temperature it was found, that the two B units #220 and #234
operated satisfactorily, over a path attenuation range from
1 65 dB tc about 105 dB. A new A station was used in this
test, #027, and it displayed the same IF 1leakags in the
video detected range pulse waveforms, for which the other A
station had been exchanged. Since this IF ripple did not

affect +the range pulse leading edge it was accepted as a
? system feature. Further investigations intc the detactor
circuitry were not attempted.

W A station site E20 was choser for the subsequent field E
i tasts. Its location and those for the B units are shcwn in
§ Figure 24. Although for A2B1 and A2B2 the distances £from
b the A station to the B unit were well within the systenm
! coverage not a single E unit resronse could te obtaineé for
toth units. At this time it was not clearly understocd why
the RF link was working so badly. Therefore the obdjective
of the test was changed into a continuing hardware
reliability investigation. Since broken E urit artenna

celements as well as bad cables and connectors could have
‘ caused a RF link failure those components were interchanged
| frequently without any improvement. Parallel to this the A
station power output and signal waveform were checked and
compared with the specifications. No malfunctions of the A
station cculd be detected.

In test A2B3 the B unit was moved as clcse as 300 meters
to the A station. The objective was to determine whether
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the B unit performance depended on the AB ssperation, which
would have explained a similar receiver sensitivity
dagradation found during test A1B1. At this short distanc=
the B unit responded spuriously to akocut every 50th
interrogaticn regardless of antenna configuration. Figure
86 shows the transmitted range pulse from the A station,
Figure 87 a 'no B response' signal cycle and Figure 88 one
of the few but accurate range pulse return waveforas.

The next experiment, B1A1, was conducted at the A
station site J05, used earlier, for two <reasons. It was
dessired to <cbserve the received range pulse at the E unit
under spuriocus response conditions. At that time only one
AC generator was available to be used at the B unit location
for the BA arrangement. ©Only site JO5 provided an AC cutlet
to power the B unit checkout set and the A station itself.
Also, it was known from earlier tests, that +the A station
antenna at J05 was working properly, such that the
malfunctioning 4B link could be related to the B unit. The
test was set up using the standard BA arrangement. The B
unit location was the same as in test A1B1. At this close
range B unit 234 responded spuriously fcr all antenna
configurations to every 50th interrogaticn. hRddress and
range pulses were detected at a very low RF carrier leval
such that noise spikes could distort both waveforms. Figure
89 shows a received B unit address sample with almost no RF
carrier level. The high amplitude noise spike had passed
the videc filter and might have changed an address kit such
that the B unit could not respond. Figure S0 shows a severe
distorticn of the envelope of a low signal range fulse.
Since the signal lev2l was so low, the AGC was set tc its
maximum gain such that slight envelope variations as
observed earlier had a very proncunced effect. Since the A
station and its antenna were tested to operate properly by
interrogating the test B unit, the malfunction cuuld be
limited to either the RF path, the B unit antenna or the B
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unit itself. It was therefore lcgical to exclude botk the
RF path and the antenna and use the single-path simulation
arrangement for further B unit sensitivity tests. The
waveforms observaed at the B unit video de€tector agreed in
distcrtion with thcse cbserved in the field. Moresover, the
B unit receiver sensitivity had degraded such that it
responded only between 30 dB and 60 dB of path attsnuaticn.

Prom the £first series of tests it was expected that B
unit receiver sensitivity would decay with increasing
operating time and increasing ambient temperature. It was
not understood why both units started to fail immediately in
the field. Botk units were turned in fcr an operaticnail
check and realignment. It wvas decided tc continue the
hardware reliability tests in order to find out whether
these results applied to a 1large number c¢f availaktle B

units.
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Figqure 86 - A STATION TRANSMITTED

Figure 87 - RANGE MGCDE WAVEFORM, RESPONSE




Figure 88 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION C-18 INCHES, RANGE 312 M

Pigure 89 - DATA BITS DETECTED AT TEE B UNIT
RANGE MODE, NO B RESPONSE




Figure 90 - RANGE POLSE DETECTED AT TEE B UNIT
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Field Tests_A2B4 and A1BY4

These tests were a continuation of tests A231-A2B3. Ta=
objective was to find out whether the results from the las*
tests could be duplicated, using a different E unit (#231)
and different antennas and antenna cables. The E unit
lccation was the same as that used for test A2B1.

The B unit responded intermittendly in all three artenna
configurations where the numker of responses decreased froa
about one out of five to about one out of 50 interrogations
after 45 minutes of operation. Since a steady response was
received frcm the test B unit, B unit 231 was taken to the A
station site and tastel fcr receiver sensitivity. The
standard single-path setup was used. The results wer=2
surprising since it responded over the specified range of
path attenuation from 65 dB to 115 dB. Therefore, it wvas
assumed that the antennas and antenna cables wera
malfuncticning. This assuamption was confirmed when the
numker of responsaes could be varied significantly Jjust by
twisting the antenna and/or antenna cable. The A station
and the B unit were again tested wusing the standard
single-path setup. No malfuncticns occurred.

In test A1B5 the B unit was set up at the location wused
for test A1B1. The objective was to observe any charge in
the RP link guality using an ordinary halfwave dipole E unit
antenna. The test had to be interrupted, sinc=2 no shielding
had been designed for the dipole antenna. The results of
this experiment added another variable to the problem of RF
link breakdcwn to those found earlier. It was decided to
try another series o¢f experiments using the same E unit
(#231) with a pretested antenna and antenna cables.
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This final series of field tests was performed at Camp
Roberts Military Reservation. The area actually used is
shown in Figure 25. The overall objective was to otserve
multipath distortion effacts on the shape cf the range fpulse
received at the A staticn or the B urit. Equipment
limitaticns restricted the observations tc either the A
station cr the B unit. Therefore, it was intended after
having okserved the range pulse distortions at the A station
to show whether similar distcrticns occurred under the sanze
conditions at the B unit., Additionally, the transmitted
range pulse from the B unit to the A staticn had tc be
monitored +tc¢ show that previously observed distorticns were
nct caused by a malfunctioning B unit. Both experimental
arrangements, AB and BA, promised valid results, since the
system hardware problems had been solved, thus establishiang
a reliable RF link. 5

In experiment A3BZ2 B unit #237 was located at a range of
approximately 500 meters against rolling hkills. For this
distance and the A station antenna height abcve the B unit,
it was wexpected that the B wunit would be within the A
station antenna main bean. fter the initialization tests,
range data was collected at various heights and E unit
antenna ccnfigurations as descriked in secticn IV. The data
is presented in Table P-3.

Shielding ths helmet antenna backlobes resulted in
accurate range data and undistcorted range pulse wavefcrams.
One time of arrival =rror was observed at 18 inches as shown
in  Pigure 91. The tims dJifference with respect to an
accurate range pulse, shown in Figure 92, agreed witk the
range error. Similar results were cbtained when blccking
the direct path. The gain reduction in the fcrward
direction was not sufficient to cause the reflected s=ignal
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to be dominant. The effacts of the reflected signals being
; : relatively stronger than in configuraticn A <could be
: observed as enveloge fluctuations as shown in Figures €3 and
94. The leading edges were not affected.
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Pigurs 91 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION A-18 INCHES, RANSE 288 #

e

Figurte 92 = RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION A-36 INCHES, RANGE 506 M




Figure 93 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION B-72 INCHES, RANGE 510 M

Pigure 94 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION B-36 INCHES, RANGE 594
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When allowing omnidirectir~nal B unit antenna operation,
severe multipath distortion occurred for antenna height 72
inches. Twc such waveforms are presented in Figures ¢5 and
96. The distortions looked much like those cbtained during
the multipath simulation experiments. Takle F-3 shows the
resulting wild ranges, which could not be «related tc the
time difference error caused by distortion of the leading
edge. No range pulse distortion was observed at heights of
36 and 18 inches. Figure 97 is a picture cf a sample range
pulse with the helmet antenna set to 36 inches. It was
demcnstrated that the severe fading at antenna height 72
inches disapreared when the antenna locatica was changed
slightly within a wavelength.

In experiment A3B3 B unit #237 was located at a rarge of
approximately 4500 meters, against rolling hills, An
automobile was located directly behind the B unit at a
distance of about five meters to siculate the reflecting
surface of a tank. The results of this test are given in
Table F-4.

With the helmet antenna in configuration A, signal
waveform distortion and no rasponse messages were chbserved
at an antenna height of 18 inches. This 1result was nct
clearly understood, although it <cculd be related to
reflected signals caused by multipath propagation within the
relatively troad main ream of this configuration. Obviocusly
data distortion occurred in some <cases, such that no
response messages were generated by the A& station. Figurs
98 shows a heavily distorted range pulse, where the 1leading
edge seemaed to be preserved, whereas the rest of the signal
was significantly reduced in amplitude. Antenna
configuration B resulted in good range fpulse returns and
accurate range readings.
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When the direct and reflected paths were combined with

configuraticn C, severe signal fading occurred. Pigure 99
shows a distorted range pulse waveform, which still has a
sharp leading edge. It was assumed that distcrtion of the
data bits was so severe that the A station did not range on
those pulses, thus the no B responses. Tests B1A3 and B2A3
showed léter, that B unit #237 was operating to
specifications, therefore, these results were not the result
of a failing B unit. Using a different B unit for this
antenna confiquration produced similar results. Figure 100
shows a received range pulse from B unit #305. Cowmgaring
the constant IF leakage level to that of Figure 101, it can
be seen, that the signal strength was very low. In tks
latter case, the data pulses were accepted by the A station,
whereas it fprobably ranged on a noise spike cccurring prior
to the low signal 1level range pulse. The short range
results are shown in Table F-5.

To oktain even more range pulse distorticn, B unit $#237
was wmoved in antenna configuration C-72 inches tc arncther
location until severe range pulse distorticm was observed.
Table F-6 G[presents the results. It was fcund that range
pulse distortion resulting in wild ranges cculd be ckservaed
for all antenna configurations at 72 inches. For lower
elsvations, signal fading caused a constant 'no B resgonse!
result. TIwo distortasd signal waveforms are shown in Figures
102 and 103.
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Figure 65 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION C-72 INCHES, RANGE 42 ¥

Figure 96 - RANGE PULSE DETECTED AT THE A STATION
ANTENNA CONFIGURATION C-72 INCHES, RANGE 2044 M
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Figure 97 - RANGE PULSE DETECTED AT TEE A STATION
ANTENNA CONFIGURATION C-36 INCHES, RANGE 504 M

«v-mm}-..‘mw._.‘v-qwﬂvmu P

Ev
f Figure 98 - RANGE PULSE DETECTED AT THE A STATICHK

ANTENNA CONFIGURATION A-18 INCHES, RANGE 4270 M
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Figure S9 - RANGE PULSE DETECTED
ANTENNA CONFIGURATION C-72 INCHES,

AT THE A STATION
NO RESPONSE




Figur2s 100 - RANGE PGLSE DETECTED AT THE A STATICN
ANTENNA CONFIGURATION C-72 INCHES, RANGE 352 4

Pigure 101 - RANGE PULSE DETECTED AT THE & STATICN
' ANTENNA CONFIGURATION A-36 INCHES, RANGE 4450 M
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Figure 102 - RANGE PULSE DETECTED AT THE A STATICN
ANTENNA CONFIGURATION C-72 INCHES, RANGE €u6 M

Figurs 103 - RANGE PULSE DETECTED AT THE A STATICH
ANTENNA CONPIGURAIION A-72 INCHES, RANGE 1022 H
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Field test B1A3 resembles test A3B2 with B unit #237
being located about 500 meters away from the A station. Th=z
data that was obtained is shown in Table F-7. No range
errors were observed at any of the antenna configuraticas
including configuration C-72 inches, where range srrors had
cccurred in test A3R2. However no attempts were made to
move the helmet antenna into a position to cause- fading.
The radio communication 1link between operators had troken
dcwn, so there was no way for the B unit ofperator to know
that moves should be made.

It cculd be clearly shown, that B unit #237 transmitted
a clean range pulse at the specified power level and tkat no
mult:ipath fading occurred at <+he B unit 1location. This
agreed with the theoretical assumption that for non flanar
reflectors wmultipath propagatiorn from A to B is a
ncnrecipreccal phenomenum. Figures 104 and 105 show a
typical range pulse received at and transmittad by the 3
unit. Therefore, the observed range pulse distortion in
test A3B2 could be clearly related to multipacth fadirg at
the A statior antenna.

Field test B2A3 resembled test A3B4 with B unit $237
located about 4500 meters away from the A station. The data
ottained is shown in Table F-8. 1In agreement with test A3B4
short ranges of response messages were cbtained fcr all
antenna configurations. It was assumed that similar range
pulse distortion occurred at the A staticn as observed in
test A3B4. The received range pulses as well as those
transmitted by the B unit were never significantly
distorted. 1Typical transmitted and received range pulses
are shown in PFigures 106 and 107. As pcinted out in the
restults - of test BIR3, 0o <critical ' multipath distertion
cccurred at the B unit, which operated within specifications
for over five hours in the field.
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Figure 104 - B ONIT

b Sl

Figure

TRANSMITTED RANGE PULSE
ANTENNA CONFIGURATION C-72 INCEHES

105 = RANGE PULSE DETECTED AT THE B UNIT
ANTENNA CONFIGURATION C-72 INCHES

171




Figure 106 - B UNIT TRANSHITTED RANGE PULSE
ANTENNA CONFIGURATION C-72 INCHES

Figure 107 - RANGE PULSE DETECTED AT THE B UNIT
ANTENNA CONFIGURATION C-72 INCEES
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APPENDIX G

A STATION/B UNIT TEMPERATURE TESTS

E Unit Receiver Sensitivity Test

It had become apparent during the RMS reliability £field
tests that B wunits which had worked Gproperly at room
temperature degraded in receiver sensitivity rapidly at
higher field tamperatures. This decay in receiver
sensitivity shortened the usable interrcgation range
drastically. The objective of these expsriments was to
simulate a high ambient temperature z=nvironaent for the 3B
unit and test its performance against that at room

temperature.

The experimental procedure consisted cf three phases.
First the B unit was continuously interrogated in the
mode for altkout one hour at rocm temperature. Taen,
unit was put into a high ambient temperature tox. There
was again continuously interrogated in the Range amode for
almost an hour ¢r until it failed to respcnd. Firally,
after the E unit had completely cooled off, phase one and
phase twc of the test were repeated for recovary check.

Periodically during each ©[phase of the test the fcllcwing

characteristics were recorded.

- Rccm temperature (Room)

- Case temperature of the B unit (Case)

- Ambient temperature of champer (Chamker)

- Maximum path attenuation with steady response (High)




i pa SR

!

- Minimum path attenuation above receiver
saturation (Low)

- B unit average power out (B)

- A station average power out (A)

The experimental setup was the same as that used f£cr the
single path tests. In addition, a temperature contrcl and
measurement arrangement was used as shown in Figure 108.
Two B units (#s 267 and 305) were tested. The <results are
tabulated in Tables G-1 through G-4. B uait 305 was tested
cnly at rcoa temperaturs since it had not reccvered frcm a
previous failure in the field.
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Figure 108 - B UNIT AMBIZINT TEMPERATURE CCNTECL ARRANGEIMENT




8 S°ntL 66 0% - 9% ol 0SLL

8 Syl b6 0% ¥ 9¢ 6L SHLL

8 Sl 66 0¢ » 419 ol oLt
B &%l 66 0% i e ol ogLL
9 Syl 66 0% - 2% ol ozgLL
] ) S hi 66 0% - 62 6L SLLL
] 8 STyl 66 0% ud 92 6L SoLL
| 8 Sl 66 o€ - 2 6L G5oL =
] g Sl soL o . - 6L 61 0%0L
] g v HOTH MO'T 4EgWVHD  dSVD  WOOW
,. (WE@) L0O ¥FMOd (4a) KLIAILISNYS LIKii=€ ( 0 ) SddlbVaadudd ANIL

| 1SEL ALIALLISNES HdNLVHHIWEL L-D @TQe]

B 3.0 s A BRI 3 0I5 i SRR




[~ o SR<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>