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ABSTRACT

Instrumentation was developed for investigating

the radio frequency link between the A station and the

H unit in the Range Measurement System . Propagation

effects were characterized using a multipath

siwulaticn in a laboratory environment . Field

experiments were conducted to investigate the presence

of a inultipath environment at Pt. Hunte r Liggett. ‘Ih~
effects of varying the ambient temperatur e on the A

station and the ~ unit were measured.
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I. IN T ROD UCT ION

A. BAC K GROUND

The United S tat es Army Combat  D e v e i cp m en t
Experimen tation Command (USACDEC) einplcys the Range

• Measurement System (RMS) at Fort H unter Liggett. The RMS

system is used to provide accurate pcsition/location

informa tion and digital data communicaticn capabilities

be tween tactical ground and airborne units for combat

evaluaticns. In previous years several. persistent prcblems

were identified, the solution of which cculd potentially

lead to a significant improvement in the overall.

effectiveness and reliability of the RMS system.

One of the significant difficulties iden tified was in
electromagne tic anomolies . The uniquely rugged -terrain at

Fort Hunter Ligget t led to the speculation that multipath

propaga ticn could be causing system errors. I~ w as apparent
that a systematic investigaticn cf the effect of nultipat~
phenomena on the RMS system was needed. A nore detailed

background i~ presen ted in Ref. 1.
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B. THESI S O BJECTI VES

The ob j ect of this work was to determine if errcrs in

da ta collected b y the RM S syst em , such as ‘wil d ’ r an ges
could be attributed to multipath phenomena . Alec, to

identify and document any preiously unknown prcbleins

encountered during the investiga tion .

C. RMS SYSTEM DESCRIP’IION

The determina tion an d provision of pcsi tion/loca tion
informa tion of tactical groun d and air born e  un its ~c ~he
central ccntrol facility is accomplished by deploying

interrogation station s (A stations) at surveyed locaticns.

The A stations communicate on a discrete  address basis wit~
responding units (B units) located in grcund or airborne

elements. Then , the B units transmit rang e pu..se and

instrumentation data to the A stations. The A stations

operate under the direction of a computez-ccn-trolled c€n~ ral
station (C station) , which communicates directly with the A

stations or via a relay/distribution station (D ~tatior~) .

Figure 1 (eitracted from Ref . 2) shows the general operating

arrangement of the RNS system .

The R M S syst~~a is a pulse code modulation/a mp litude

m od u la ticn sys tem tha t tr ans m i ts f o r m a tted messag es an d

range pulses at a carrier frequency of 918 MHz. Messaçes in

digital form are transmitted via tone bursts at subcarrier

f r e q u e n c i e s  of 1.35 , 2 . 2 5 , 3 . 1 14 and 11.05 M H z .  Each
suL~carrier represe nts a channel , wh ich is f u r ~h~ r subdivided

- in tc upper and lower sidebands for transmission of ones ~nd

9
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zeroes. This mean s that, on cha nnel 1 (1.35 MHz) , a tone
burst on the up per sideband represents a one and a tone

burst on the lower sideband is a zerc. Thus , the

simultaneous triggering of both the upp er and the lcwer

sideband s of a channel does not occur. This technique is

used to eliminate intersymbol interference. A half—duplex

mode is used in the A—B link in which channels 2 and 3 a:e

used for transmitting inforwaticn from the A station to the

B unit and channels 1 and 14 transmit information from B to

A. Ranging is accomplished by pulses at the carrier

frequency. The system uses omnidirectional vertically

polarize d antennas with the maximum gain in the horizontal

plane for the B unit an d approximately 10 degrees below the

hcrizontal fcr the A station. A detailed description cf the

sys tem opera tion and th e individual e!ements is con taine d in
Ref. 3.

The system has four mo des of opera tion ; Ranging (R ange),
Short Communication (52 ON) , Extended Communication A to B

(EAR) and Extended Ccmmunication B to A (EBA). . A detailed

description of each mode and digital message format is

ccn tained in Ref . 3 The data reduction/distrilution

techniques tha t are carried out by the C station fo r each
no de are described in detail in Ref. 4.

10
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II. THEORY

A. M U L T I ~ AT H P R O P A G A T I O N  P H E N O M E N A  AT U H F

1. ~e f in i tions

Nuitipath propagation normally exists in irregular

terrain, but it is also likely to be found in any area where

obstacles are present (building s, trees , vehicles, etc.)
Nultipath p r o p a g a t i o n  is the phen~ nenon that occurs i.hen

there are zany rays (paths) along which electromagnetic

energy can travel from the transmitting point tc the

receiving pcint . The propaga tion time s, amplitudes and

phases differ in these rays at the receiving point. These

variances will sometimes enha nce and scmetimes tEnd to

cancel the original signal at the receiver , resultin g in
signal—strength variations known as ‘f a d i ng ’ . At ultra—high

frequencies (UHF) two types of multipa th that produce fading

a~ e a tm o s p h e r i c —m u it i p a t h  a n d  r e f l e c t i o n —m u l t i p a t h  ( R e f .  5)
A t m o s p h e r i c — a u l t i p a t h  is caused  by two or m c r e  r a y s  a r r i v i n g
by slightly different paths. These different paths are

cause d b y ab n o r m a l variation s in the charac teristics ~f the

low er  atmospher e. I f  t h e  at m o s ph er ~ is u n i f o r m  in t~ e
p r o p a g a t i cn  area t h e n  this t y p e  of m u l t ip a t h  does not  ex i s t .
Reflection—multipath is from the interacticn of direct and

— r e f l e c te d  r a y s .  In lin e — o f — s i g h t  (LOS) p~ opaga :ior .  the
r e f l e c t i n g  s u r f a c e  m a y  be t h e  g round  or a n y  obstacle  not in
t h e  LOS p a t h .  F i g u r e  2 i l l u s t r a t e s  m u l t i p a t h  p r o p a g a t i o n  in
t h e  a t m o s p h e r e .

12

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—



F

c~ \ -

= 

0 -4~~~~~0

I

13

— - ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



____________ — —• —-
~

- - •• —~-— --.~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • •——•-•---— --•-•-•-—•--~ • - •.—,,~~~~
-—-. ,—.• • - ---••

The influence of inultipath on a communication system

is described in terms cf two effects; selective fading and

intersyLnbcl interference (Ref. 6). Selective fading is

re la ted to t h e  rel ative radio  f requenc y ( R E )  phases of the

— 
signals arr ivin g at the rece iv ing  a n t e n n a  via t h e  va r ious
paths . Eor any f r equency , the  total received signal  is the
vector sum Cf all the individual  path componen t s .  S ince  the
ampl itudes and phases of the reflected signals vary w i t h  the
reflecticn coefficient of the reflecting surface and delayed

pa th length , the resultant received signal will also vary.

Moreover , if a signal is composed of different frequencies,

— each vector sum for a particular frequency will be

different, since losses and time delays are frequency

dependen t  as wel l .  Thus , there  are sig n a l — s t r e n g t h
variations cf the received signal with respect to time and

f r e q u e n c y w h i c h  is termed selective f a d i n g .

In-tersymbol interference is associated with the time

delay between the first and last significant signals. If

the modulaticn is rapi d enough, the signal interferenc e will
result  in a smea r ing of t h e  in te l l igence, f o r  any s igna l
waveform. !cr example , if a particula r modulation technique

is used tc tr ansmi t  digital s ignals, i n t e r f e r e n c e  may  cause
the information contained in a symbol fcr a ‘one ’ to be

shi f ted  enough  to ca us e a detect ion e r ror  in a f o l l o w i n g
s ym b o l  f c r  a ‘zer o ’ .

2. ~ f f e c~~ of ~u lt ip ath  on Pulse S~~~~ems

- ~ - Pulse c o mm u n i c a t i o n  systems are genera. - y tolerant

Cf mu l t ip a t h  p r o p a g a t i o n  t h a t  produces a r e f l ec ted  pulse
whose  d e l a y ,  w i t h  respect to the d i rec t—pa th s ignal , is
small  c cmp a r e d  w i t h  t h e  p u l s e wi d th .  In t h i s  case
irrtersym~ ol interference will be slight although distcrtion

114
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of ind iv idua l  pulses may  be s ign i f i can t .  Schmid ( R e f .  7)
showed tha t  intersymb ol  in te r fe rence  p rc t l ems  a r i se  when
re f lec ted  puls es are as large or larger than  the p u l s ew idt h .
In s ingle—pulse  systems w h e r e  puls es a re  used for t i m in g ,  as
in some r adars , de tection of the arr ival  of the  leading  edge
of the pulse is critical. Distortion of the pulse due to

ult ipa th  in such a system may lead to errors .

8. SURVEY O~ ANALYSIS METHODS

In trying to quantitatively analyze the effects of

multipath on communication signals several techni7ues have

been developed.

1. Prediction Models

The nature of the multipath problem is pro babilistic
and lends itself to predict ion models based cn probability

theory. Several authors (Eefs. 7, 8 and 9) have develope d

ncdels fcr specific environments and conimunicaton systems.

Prediction models are normally designed for a particular

requiremen t and are therefore limited in their general

application.

2. 2~~~ 2~~ ~~~L~~112~~~~~~ ~~~~~~~~~~~~~~

Com pa rat ive analysis of previous  tests of mu l t i pa th
effects tc the system being considered can ic valuable. In

many case s w here mo delling of a sys tem is imprac tical
systems are tested in actual multipath environifents.

Althoug h this is a very accurate methcd , it normally
requires more tim-c than modelling. Therefore , if pr evious

15 
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• testing of s imilar  sytems has been-conduc ted  the i r  results
may provide the desired i n f o r m a t i o n .  T h er e  has been a
s ign i f ican t  amount  of data collected concerning  the e f fec t s
cf au lt i pat h  on numerous  communicat ion sys tems  and in a.
va r ie ty  of e n v i r onm e n t s .

3. L 9 ~~~it2~~~~~ ~JL~~~~ i&~

This me thod is particula rly, useful since it does not
• depend on other sources of information. Although

s imula t icns  may not  correspond to the actual  e n v i r o nm e n t  the
ccmmunica tion system will be operating in, they do provide
an unde r s t and ing  of t h e  sys tem sens it iv i ty  tc vary  signals.
Jakes (Re f .  ~~) has developed two fading simulations for

mobil e communica tion system s operating at micrcuave

f r equenc ie s .
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III. ~ X gEBIM ~~~~ ~~!~&Q~~J~~

~A. G E N E R A L  CONSIDERATION S

A lthcug h there has been extensive work  and large amounts
of emperical data compiled on the muitipath problem dealin g

with mobile communica tion systems and pulse communications

in general (Refs 10—12) very little data was found that

could be applied to the RMS system. It was further

determined -that statistical modelling of the multipath

environmen t at Ft. Hunter Liggett was impractical.

Th erefore, actual field measure ments were conduct€d to

provide accurate multipat h dat a and at the same time uncover

other RMS problems . In an effort to become more familiar

with the RMS system operations and to develope measurement

techniques prior tc going to the field a laboratory

smmula ticn was designed . It was apparent that the RF link

most likely to be affected by multipath was the A station to

B unit link. Therefore , it was the only link in the sys tem
considered in the experiments. The Range and to a lesser

extent sCC~ modes of opera tion wer e the only mcdes

consider ed. By observing the actual detected signals at the

A station/B unit receivers and noting the variation frcni the

specified waveforms an understanding of the effects of t~ie

multipath environment was realized.

17
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Prior to determining what type of instrumentation

was going to be used a basic understanding of the signal

waveforms was necessary. In the Ra nge mode the A s tat ion
• 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 and a range pulse. The

initializing puls e sets the required automatic gain ccntrol

(AG C) level in the B unit receiver. The 10 address bits

determine the B unit that is being interrogated. The mode

bits indicate that the ranging mod e is being used and the

range pulse provides a timing marker from which ranges are

determined. All B units that are ope rating will ‘listen’

for the A station transmission , but only the B unit tha t can
identify the address will respond.

Upon receipt of a range command the B unit starts a

calibrated internal delay after which it transmits a message

back to the A station. The internal dela y in the B unit is

triggered by the leading edge of the received range pulse.

The message that is transmitted back tc the A station

consists cf a messag e flag bit and a range pulse . The slant

range between the A station and the B unit is determined by

a 15 bit clock in the A station tha t 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 pulse from the 8 unit at the A station. The A station

then acccunts for the internal delay of the B unit and

Lcrwa rds the 15 bit range to the C s ta t ion .  The least
significant bit in the range corresponds tc a range of 2

meters.

18
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The SCOM mode is a communication mode by which the C

station can send a four bit message to a B uni t via an A
station. For the LB link , the A station t ransmi t s  a message
to the  B unit  that consists of an in i t ia l iz ing pulse , 10
address bits , two mo de bits and four message  bits. The B
unit response to the A station is a signal consisting of 13

message bits. At the B unit the four received message bits

are displayed on an i npu t/ ou tpu t  (I/O ) device (F igu re  3 ) .
Reference 3 presents a more complete description of the

wa veforms and explains how they are generated. Figure ~4

shows the signal waveforms that are transmitted by the A

station for the Range and SCOM modes.
I

The appl ication of some of the basic mul tipath

theory led to the as sumpt icn that distorticn of the signal
waveform by selective fading of the signal due to multipath

cculd be responsible for some of the errors in t~MS data. It

was clear tha t significan t distortion of address bi ts  in any
mode of operation might cause the B unit to fail to identify

its own address. This would cause a ‘no B unit response ’

result. In. a less likely case, distortict of th~ address
migh t be sufficient to cause an incorrect B unit to respond.

It was alsc apparent that significant distortion ot the

range pulse might cause errors in slant range data. In the

SCOM mode distortion in the address a n d/ c r  messag e bits
could lead to no or incorrect B unit responses or errors in

the received message.

19
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2.  ~ ~~~~tion~~ ~~ it R,~ Link  ~~ecif~ cati cns

The following characteristics are tbcse specified by

the designer for properly operating and aligned A stations

an4 B units. The minimum transmitter output power is 37 dBm

for the A station and 140.8 dBm fcr the B unit. The B unit -

receiver operation is from ~23 dBm to —67 dBm . The A 
-

station antenna is an eight dipole pair colinear array with - 
-

swamper elevated 214 feet above the ground. Eeference 13

gives the vertical and ho r i zon t a l  pa t t e rns  for  the  a n t e n n a ,
which are re produced in Figures 5 and 6. There are several

antennas designed for use with the B unit. ~!ow ever , the 
- 

-

helmet mcunted qua rter—wave nionopole was the only antenna -

considered. Laborator y and field measurements (Refs. 1 and

114 ) hav e shown significant variations- in the actenna

patterns frcm one helmet antenna to a n o t h e r .  T h e r e f o r e , the
design specif icat ions w ere somewha t sus pect in de te rmin ing
the B unit antenna gain. Figures 7 and 8 show

representative vertical and hcrizontal pattern s fcr the -

helme t antenna. -

I
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The height of the A station with respect to the 3

unit is an important factor as is readily apparent from tne

a n t e n n a  pa t terns .  Figur e 9 is a diagram of the :elative

positions of the A station and the B u n i t  and shows t h e  300

angle at which the gain of the A station 3nt€nna has dropped

to +2 dE. Cesignating any area where the A station ant enna

gain is below +2 d~ as an ‘apparen t’ nul l th e m i n i m u ~
distance (S) to a B unit for any given relative ~eiaht (H)

can be ca lcu la ted  f r cn i  t ie equa tion

S = H tan 60°

table 1 gives some representative vaiues cf this distance

f o r  t y p i c a l  A st a t i c n  a n t e n n a  h e i gr i t s .

The t r ansmis s ion  loss in f r e e  space , t h a t  is , in a
reg ion  f r e e  from all objects that might reflect or atscr~ RF
e n e r g y  ( R e f .  15) is given  by

L = i c  Log (4 ~ d)

w h e r e  A = t h e  w a v e l e n g t h  in m e t e r s
d = t h e  d ist ance  b e t w e e n  a n t e n n a s in  m e t e r s

This loss provides a good estimate to the operating range

(distance) of the system (AB link) , which is s p e c i f i e d  f r o m
a m i n i m u m  of 30 m e t er s  to a maxi m um range of 9,000 meters.
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Table I M IN IMUM D T~~ ANCES ~‘POM ELEVAT 1~D A STATIC)N

____ 
S IfeetL

30 52

50 87

100 173
200 346

400 693

600 1039

80C 1386
1000 1732
1200 2079

1400 2L425

160C 2771

1800 3118

2000 34614
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E. INSTRU~ E N T A T I 0N

The basic RMS components required for the experiments

were a standard A. station and a micro B unit. In addition ,

a B Unit Checkout Set was necessary to trigger the- A station

to interrogate the B unit. References 2 and 1 present a

comple te descripti on and a detailed operaticn of the micro B

unit and the A station respectively. Appendix A presents a

comple te descript ion and the opera ting prcce d ures for the B
Unit Checkout Set (checkout set) . Several cther items were

used for specific tests such as the Monitcr Inpu-t/Cutput

Device (I/O device) , an tennas  an d the B uni t Eower E r eakou t
Box. Prior to commencing any experiment the A staticn ~as
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

together with accompanying plug—ins provided a fast writing

speed , var i a ble persistance d isplay an d signal stora ge
I
- 

capability. Its use was dictated by the specified

characteristics Cf the signal waveforms under investigation.

A ppendix B gives some cf the performance characteristics of

the 7834 and the procedures used to make both laboratory and

fiel d measu rements. In addition to the oscilloscope ,

various attenuators , d irectiona l couple r s , env elope
detectors , pc we r  m e ters , DC power sources and coaxial cables

were used as requ ired by individual experiments. These

items were checked to meet required bandwidth and pcwer

ratings pricr to being used it actual experiments. BEcause

of its relatively icy loss characteristics (9 dB/100 ft at

900 ?iHz) , RG-2 13/U coaxial cabl e was used whenever cable was

needed for the transmission path.
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C. S I N G L ! — P A T H  EX P E ~ I~ EN T S

A simple single—pa th arrangement (Figure 11) was set up

with coaxial cabl e used as the RF link. Several laboratory

experimen ts were conducted with this setup tc measure the

performance of the A station and the B unit in an ‘ideal’

propagation environmen t. 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 20°C during all of the single—path and multipath

simulaticn experiments. 
-

The experimen ts verified tha t the system operates

according to specifications in a single—path environment.

Figur e 12 presents typical signa l wavefcrms that were

measured with the 7834 oscilloscope. The figure shows an

entire cycle in the Range mode with the upper trace being

t h e  s igna l s  t r a n s m i t t e d  by t he  A s t a t i on .  The  l ower  trace
is the detected video signal  of th e  B unit and consists of

both the rece ived  and t r ansmi t t ed  s igna l s .  The n u m b e r s
displayed are the vertical scales (200 mV and 50 mV) for
each trace an d the horizontal scale (50 microseconds) for

bcth traces. A picture of a range pulse that has been

expanded to measure rise time is presented in FigurE 13.

The experimen ts clearly showed that distcrticn of the range

pulse could cause errors in the slant range data. In

ad dit ion, it was determined that the B unit I/O device had.

no degr adin g -effect on the system performance.
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Figure — 13 EXPA ND ED RA N GE PULSE

The system operating time during tbe single—path tests

totalled over 63 hours most of which was in the continuous

command m cde. During this period there were no failures of

the A station and one failure cf the 3 unit . This failure

was attributed to a breakdown in the power supply coipone nt

of the E unit. Tne E unit checkout set failed nsa: t~ e en d
Cf the testing. The failure was fue to a m alfunctior ~n m e

cc power supply for the logic unit of the set. ~epair of

these failures was tiuc ly and did not Thelay the testing .
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D. M ULTIPATE SIMU LATICN BXPEBIMENTS

To simula te a multipath environment a twc—path

arrangemen t (Figure 14) was develo ped in the laboratory.

The longer pa th was designated as the ‘delayed’ path ar d the
shorter path was the ‘direct’ path. The direct path

contained a section of variable coaxial cable that could be

extended to provide up to 25 cm additional ~ath . By

charging t~ e length of the d irec t path a small amount with
respect to a wavelength the phase addition of the two
signals could be varied. Variable attenuators were used to

control the signal strength of each pa th .

The experimen ts conducted with this setup demonstrated

tha t it was possible to distort the signals arriving at the

A station an d B unit enough to cause significant errors in
the system . Fig ure 15 is an example of a distorted range

pulse that led to a ‘nc B res ponse ’ result tbcugh the system

was working well within its specified operating range. The

procedures and dat a collected for the multipai-h experiments

is presented in Appendix D. The only system failure that

occurred during these tests was a reoccurranc e of the

problem in the B unit checkout set. An external 5 IDC

source was hcoked up tc the logic unit and this remedied the

prc blea.

~
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Figure 15 DISTORTED RANGE ~ULSE
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E. EXPE CTED RESULT S IN THE FIELD

-
:

The results of the single—path and multipath simulation

experimen ts indicated tha t it was possible tc have errcrs in
the RMS data if certain unusual propagation phenomena cause

distcrticn of the signal waveform by selective fading . It

was also clear tha t  due to the  non  onr . i dir e c t i o u a l
characteristic of some helmet amtenna s a signal arriving at

the antenna via a delayed or refl ected pat h might be as

large as the dir ect path signal. The multipat h simulation

show ed how this condition could result in RNS errcrs.

Intersymbcl interference was not experienced in any cf the

laboratory experiments .

The unique te r ra i n at Ft. Hunter Liggett is

characteristic of a mul -tipath enviroar~ n t. Figures 16—20

sho w some typica l ñ unit location s with respect tc an A
station. Figure 16 shows the B unit located close to the A

station with no reflecting objects in the vicinity of the B

unit antenna. In this case the reflected path signal would
be expecte d to be significantly less than the direct path

signal, thus selective fading shculd not be a problem . The

situations depicted in Figures 17, 19 and 20 might produce

direct and reflected path signals of equal mag nitude

arriving at the A station and B unit. It was considered

unlikely that the refl ected oath signal of Figure 18 wculi

be of the sate order of magnitude as the direct path signal .

These situations do not consider the possibility that a

reA.lecting surfac e nay be within a few wavelengths c± t~ e

an tenna as would be the ;ase if the antenna were m ounte d or-i

or near a vehicle or near trees or buildings. Howev er the

field tests did not consider those types of situations.
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Fi;ure - - AE LINK SIT U ATION 1

A

Figure 17 — A~ LINK SITUATION 2
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Figur e 18 — AB LINK SITUATION 3

Figure 19 — A S LINK SITUATICN 4
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CLOSE

Figure 20 — A S LINK SIT UATION 5

In summ ary selective fading was most likely to occur , if
the direct and reflected path lengths were almost equal and

apparen t nulls of the A station and. B unit artennas lie in

the direct path. Intereyr~bol interference was considered

very unlikely since the requirement of a large t ime 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 next symbol of similar

frequency.
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IV.  RF ~~~~K ~~~~S U R E M E N ~~ L~! ~~~~

A.  G E N E R A L  CONS I D E R A T I O N

To de termine the effect of mu .ltipath propagation on the

AS link in the field a technique was develope d tha t limited
the signals that were teing received and transmitted by the

B unit. T~ e helmet antenna was mo dified with shielding
ma terial to limit the B unit to a direct path signal only

(configuraticn A) or to an indirect path signal only

(configuraticn B) . By measurin g the system response in

these configurations and comparing the results to the system

response w ith an omnidirectional helmet antenna
(configuraticn C) a realization of the eff ec ts of multipath

was anticipated. Appendix E presents the different helmet

antenna configurations and how they were developed.

Additionally, the height of the helmet antenna a bov e th e
ground was varie d during the field tests to determine the

effect this wculd h-ave on the system . Three heights were

considered 72 inches, 36 inches and 18 inches above the
ground.

Two basic experimental arrangements were designated to

simplify the data cdllection process. In the ‘A S’
arran gement ail measurements were taken at the A station

with the exception cf the B unit I/O device readings. The

pr imary objective of this arrangement was to analyze -the

signals detected oy the A station. In the ‘BA’ arrangemen t

all measuremen ts were made at the 3 unit except the si ~t

range readings taken from the B unit checkout set at the A
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I

station . Figures 21 and 22 show schematically the standard

‘A S’ an d ‘BA’ test arrangements. Series of ‘AS’ or ‘BA’

e x p e r i m e n t s  were d i s t ingu i shed  by n u m b e r  subscripts  as s h o w n
in t he  f o l l o w i n g  example:

A B where  i = 1 ,2 , ,n (A station location #)
i i

j  = 1,2 , ,m (B unit location *)

Cnly  one e x p e r i m e n t  was p e r f o r m e d  at each A B  or B A
- 13  J i

loca t ion .

Extens ive  logistic suppor t  and c o o r d i n a t i o n  was r equ i r e d
during all phases of the field experiments. The areas of

• Ft .  H u n t e r  L igge t t  t h a t  were  used f c r  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 ¶JSACEEC experimentation schedules.

Thus , a n y  RMS componen t  f a i l u r e  ussually  fcrced  a de lay  in
the testing to the n e x t  weekend . Later  in the t e s t ing  a
rncbile A station antenna was made available at Camp Rcberts

(Figure 25) where the terrain is very similar to that at Ft.

Hun ter Liggett. Testing at Camp Roberts was not restricted

to any t i m e  period and a l lowed fo r  easier suppor t .

Communications between operators at the A station and B

uni t sites was achieved with battery powered hand—hel d.

radios. Portable generators were used to provide AC power

at sites where there was nct an AC power outlet.

Additionally, provisions had to be made for storing Polaroid

f i lm , s h a d i n g  measu remen t  e q u i p m e n t , and t r a n s p o r t i ac  the
equipmen t tc the field . The time spent transoorting and

setting up equipment in the field proved to be one of the

limiting factors in the tota l number of field experiments

th a t  w e r e  conducted.  The da t a  collected du r i n g  t h e  f i e l d
ex periments is presented in Appendix F.
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-B . T E ST P R O C E D U R E S

The data collection procedure s required for each

experimen t depende d upcn the arrange ment (AS 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 ex periments. The locations o~ the A station and ~
unit under test were recorded and the B unit was set up wita

the helmet antenna at a height of 72 inches and in

configura tion C. Operating in the Range mode with

con ti n u o u s  comman ds it was ver i f ied tha t the B uni t was
responding tc the interrogation s of t~ e A station. Finally,

the 783(4 oscilloscope was set up for recording repeated

even ts as described in Appendix B.

1. AE A r r a n g e m e n t

The equi p m e n t  was set up as sh own in Eigur e 21 and
the initialization procedures were conducted. The case

temperature and average output power of the A station were

measured and recorded. The A s tat ion t r a n s m i t t e d  w a v e f o r m
wa s observed on the 78314 oscilloscope and compared with

laboratory standard to ensure that the A station was

transmitting properly. Next , the signal waveform of the A

station video detectcr (Pin *7) was displayed on the 78314

and the oscilloscope was prepared for recording single—shot

even ts. The B unit checkout set was put in the single

comman d mode and the helmet antenna changed tc configuration

A at 72 inches. At this point the system was ready to begin

measurin g single events in either the Range cr SCO~ mode  of
c p er a t i o n .  F igur e 2n is a p i cru re  of t h e  A s t a t i o n  s i te
during a test conducted in the AS arrangement.
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a. R a n g e  Mode

Operat ing in the Range mode ten single commands

were initiated and the resulting slant ranges :eccrded.

Pictures of at least two returning range pulses relating to

particular slant ranges were taken . If the oscilicecope

could not reccrd in the single—shot mode due to low signal

to noise ratio the B unit checkout set was switched to the

continuous ccmm and mode and the two pictures taken . Ir~ this
case the ph o tos co ul d no t be rel ated to a p ar ticular  slan t

ran ge.

U pon complet ion of tak in g da ta with the h e l m e t
antenna in ccn f igu ra ticn A a t 72 inches the an tenn a was

lo-~ered to 36 inches. At this height 5 single events were

observed and rae photo of a range pulse was taken . The

helmet antenna was then moved to 18 inches above the crcund

an d 5 more even-rs were observed and one photo taken. The

s a m e  p r o c e d u r e s  w e r e  used  f c r  the hel~ et a n t e n n a  in
configuraticns B and  C.
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b. SCaN fl ode

l ime l im i t a t i o n s  p r e v en t e d  e x t e n s i v e  f i e l d
testing in tne SCOM mode hodever , a technigue was developed

f o r  i e a sur i c -~ i nd i v i d u a l  b i t s  in the  3COM message . Message
-i -t t a  are t r an s m i tt e d  from t h e  B un i t  to ~h e  A s t a t i o n  and
v i c e  v er sa  on f o u r  d i f f e r e n t  f r e q u e n c y  c n a nn e l s .  T h e s e  f o u r
channel s wets sens~ -d -after detection an~ logic level
ccnversicn at  tn e  A s t a t ion  logic m o d u i e  test points 214—27

on el e c t r o n i c  boar d n -~ wbe: 1. The s i g na l s  were t h e n  summed
by a diode s u m m i n g  c i rcu i t  and  d i s p layed or. the
osc illosc :re .  For each he lme t  a n t e n n a  ~on f i g u r at i c n  and
hei~~nt ~i~~e i n t e r rog a t i o n s , each ~:th a d i f f ~~r en t  !nessage
f r o m  A - t o  3 and B to A , were  m ade .  T h e  f o u r  b i t  and
tni :t een  t i :  messages  t r a n sm i t t e d  and  rece ived  by t he  A
s t a t i o n  a n d  u n i t  w e r e  r e c o r d e d  for  e a c h  i n t e r r o g a t i on .  In

a~~d it i o n , at  least one photo  of the s d m m e d  logic s i g n a l s  was
made . -

2. ~~ ~~e~~ nt

The s-~uipmsnt was arranged ~s show n in F igu re  22 an d
the initialization procedures cond-:cted. ‘he B unit power

breakout bcx provided the necessary test points for

mcnitoring the detected video signals but there was act a

rea dily accessible point for monitoring the data channels at

t h e  3 u n i t .  T h e r e f o r e , e x p e r im e n t a t i o n  fo r  t h i s  a : r a n ç em e nt
was l imi t ed  to t h e  Range  mode.  I n  essence , the  sam e

experiments were conducted in the BA arrangement as in the

AS arrangem ent. However , in this case the si~ n a l  of
in terest was that detected by the B u n i t  a n d  only fcr the

R a n g e  m o d e .

53

—k. ~~~~~~~



- ~~~
- - -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

-
~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ___

C. RESULTS

1. ~~~~~~~~~

The in i t ia l  f i e l d  e x p e r im e n t  o b j e c t i v e  to
i n v e s t i g a t e  mu lt i p a t h  d i s t c r t i on  e f f e c t s  on the  R M S s ignal

— waveforms could not be per sue d imm ed iately , since severe
e q u i p m e n t  re l iabi l i ty p rob lems  had to be scl’~ed f i r s t .

a .  Field Tests

The f a m i l i a r i z a t i o n  tests , A1~~1 , A15 2  a nd A1 3 3 ,
ver i f i ed  t h a t  the p ro jec ted  fi e l d  ex o e r im er .z s  could b e dcne
w i t h  t he  ava i l ab le  neasu :en~ n t  e q u i pm e n t . Since th e  t w o  3
un i t s  used w c r k e d  on ly  abou t  two  hours  each , the  e f f e c t i v e
test t im e  was l imi t ed .  E i t h e r  mo-r e u n i t s  tiad to b e  ‘ade
a v a i l a b le  or the r e l i ab i l i t y  of the u n i t s  im c r o v e d .  Since
one of the E units (;237 ) worked properly during the entire

laboratory phase with an average dail y operation time of

f c ur  h o u r s , it was s u s p e c t e d  tha t  h i g h  a m b i e n t  f i e l d
temperatures might have caused the observed failures. The

use of a larger sample of 3 u n i t s  in experiments A 231 , A252,

A2 B 3 , A 1 E d 4 , E 1A 1 , A2 314 and A2 314 (Appendix F) a d d - e d m ore
u n k n o w n s  to t h e  ove ra l l  s y s t em  r e l i a b i l i t y  p r c b l e m .  Sc m e  of
the  r e l i ab i l i t y  prob lems  w e r e :

— A s t a t ion  receiver au t o m a t i c  g a i n  ccn tr o l  f a i l u r e s
at h i g h  amb i e n t  t em p e r a t u r e s

— Possible  b r o k e n  RF cable  con n e c t i c n s
— 3 u n i t  c h e c k o u t  set i n d i c a t o r  l i g h t  i n s t a b i l i t y
— RE i n t e r fer e n c e
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— Measuremen t equipment failures

— A station and/or B unit center frequency drift

as well as B unit receiver gain reduction with t i m e
an d increasing ambient temperature

Solutions for all but the last problem were found by trial

and error during the second part of the r e l i a b i l i t y  ~-ests.
The solution for the last problem was found turing

subsequent laborat ory temperature sensitivity tests.

b. Temperature Sensitivity Tests

As described in Apoendix G both the 3 -~n it a~ J

t h e  A s t a t i o n  shc we d  no m ea s u r a b l e  cen ter  fr e u e nc y  ~r i~ t
w i t h  t ime  cr increas ing  t e m p e r a t u r e . The 3 u n i t  r e c e i v e r
s e n si tiv i ty  s t a y e d  w i t h i n  sp e c i f i c a t i cn s  at m o m
t e m p e r a t u r e s .  At t h e  h i g h  t e m p e r a t u t e  chosen  (5 0 0 C)  al l  3
un i t s  d e c a y e d  r a p i d l y  in r e c e i v e r  s e n s i t i v ity  to values,
w h i c h  made t n e m  useless fo r  f ield o o e r at i c n .  Once a 3 u n i t
b r o k e  d o w n  u n d e r  h i gh t e m p e r a t u r e  it did ac t  r ecover  i~~ roo m
t e m p e r a t u r e  tc spec i f i ed  r e c e i v e :  sen s it i v i t y  vaThes .  ~ he se
r e su l t s  agreed wit h the field observations.

C. A l i g n i ~snt  C o m p a r i s o n  Test

Ihe  r e su l t s  of th i s  series of t e s t s , A p p e n d i x  ci ,

explained why 3 units checked out or a l i gned  by m a i n t e n a n c e
personnel at ~t Hunter Li ;gett did not w c r ~ p r o p e r l y  for
m o r e  t h a n  3-3 to ‘45 m i n u t e s  in t h e  field. The  r ece ive :  ga in
reduct io n at  h i gh e r  a m b i e n t  t e mp e r a t u r e s  in v e s t ig a t e d
p rev iously wa s  r e l a t ed  to t h e  a l i g n m e n t  m e t h o c i .  A
p a r t i c u l a r  B -un it  u n d e r  test was i n t e r r o g at e d  d i r e c t l y  by  a
Test  C St a t i cn , so e l im i n a t i n g  the  A st a t i cn .  I: ~~s f o u n d ,
tha t a B u n i t  a l i g n e d  to t h a t C st a t io n  did  nct : e sp c n d  no
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an A staticn put into the test HF link. If the B unit was

aligned t c an A station using an C to A to B RF link , i t  was
insensiti ve to high ambient temperatures and could be used

reliably for field experiments. The latter nest setup

resem bled the checkout procedure used during former field

experimen ts.

2. Range node

The deta i led resul ts  of the AB R a n g e  mode t e s ts  are
g i v e n  in A p p e n d i x  F. It was  found , t h a t  d ep e n d i n g  cm the  B
un i t  a n t e n n a  height above groun d , loca t ion and  a n t e n n a  gain
p a t t e r n  severe  r a n g e  pulse  d i s to r t i on  cccurre d  d~~e to

mu l t i p a t h  f a d i n g  a t  the  A s tat i c n  a n t e n n a . For sho:t ranges
( a b o u t  500 meters)  mu lt i p a t h  fadin g was  cb s er v e d  f c r  t h e
o m n i d i r e c t i o n a l  B un i t  a n t e n n a  t r a n s m i s s i o n  c n l y .  At  longer
r a n g e s  h c w e v e r , nu l t i p a t h  f a d i n g  could be cbserved  for  a n y
antenna, gain patern configuration depending cn the B unit

location and antenna height. The effects cf the multipath

f ad ing w ere either erroneous ‘wild’ ran ges or- ‘no B

response ’ message returns from the A s t a t ion  to  t h e  C
s t a t i o n , simu la t ed  by the B un i t  checkou t  se t .

F igur e  27 shows  a t y p i c a l  d i s t o r t ed  l ead ing  e d g e  of
a r ange  p u l s e  r e t u r n  at t h e  A s t a t i o n .  A s im i l a r l y
d i s to r t ed  range  pu lse  was  o b t a i n e d  d u r i n g  the  m u l t i p a t h
simula tion experiments , Appendix D, and is s h o w n  in F igure
28 for cc~ parison . The waveform shown in Figure 29

generally resulted in an a c c u r a t e  s l an t  r a n g e .
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Figure 27 — DISTORTED RANGE PULSE

EETECTED AT THE A STATION DURING FIELD TESTS

Figure 28 — DISTOFTED RANGE PULSE

C E T E C T E D  AT THE A STATION D U R I N G  SI~ U L A T I O ~
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Figure  29 — STA NDARD RANGE PULSE

DET EC T ED AT THE A STATION DURING FIELD T ESTS

3. ~~ ~~~~~

This series of tests showed that although ‘wild ’

r anges  cculd still be ob ta ined  at the  A s ta t ion, no severe
r a n g e  pulse  ~i s tort icn  occurred at the B u n i t .  m o r e o v e r  it
was ver if i ed  t h a t  B uni ts  used dur ing  t h e  A E tes ts  o per a t e d
to s p e c i f i c a t i o n s, such t ha t  w a v e f o r m  d i s t o r t i o n s  w e r e  not
caused by  ma l f u n c t i o n i n g  B uni ts  as obse rved  d u r i r g  th e
reliability tests.
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V.  ç~~~C LUS~Qj~

During the two path simulaticn experiment it  was  shown ,
that under pro pe r phasing conditions RF fading did cccur.

The RMS sys t em did not  to le ra te  t h a t  s i t u a t i cn  and h e a v i l y
distorted range pulse waveforms resulte d in uncorrelated
wild ranges . Th is simulation , although being an over

r simplificaticn of the real multipath ccnditions in the
fie l d , prcved to be a valuable method for predicting what

wculd occur in the field. Compariso n of the predicted and

field results showed without any doubt , that the Ft. Bunter

Ligett envircnwen t not only allows multipath to occur , but
can seriously effect the RMS system perfcrmance in its

present  h a r d w a r e  c on f i gur at i c n .  A l t h o u g h  m a i n l y  l a rge  R ange
m cd e e r ro r s  h a v e  been shown , further investigations into the

other  c o m m u n i c a t i o n  modes a re  expected to resul t  in
te lemet r ic  errors  as well .

The w icr c— B un i ts  ope ra t ed  mor e r e l i ab l y  w h e n  t h e y  had
teen aligned to A stations. The Test C Station used to

align both the A stations and the B units , did not provide a

common alignmen t standard for the two different components.

Thus , it seems only reas ona ble that many E units faile d to
operate in the  field. The temperature sensitivity tests

indicated that alignment drif t occurs under field
t e mp e r a t u r e s . The degree of d r i f t  was not d e t e r m i n e d , bu t
it was obvious that B units aligned to an A station were

less s e n sit i v e  to l a rge  t e m p e r a t u r e  d e v i a t i on s  and  w e r e  much
mc:e re liabl e in the f ie ld .
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VI. çQ~~~~~~AT IQ

The HP l ink  be tween  the A s tat ions and t h e  B u n i t s  is a
j critical part of t h e  RMS sy s t em .  This l ink  mu s t  be reliable

if the system is going to prcvide accurate information. In 
-

an effort to make this link more reliable a common standard 
-

.

should  be developed for  a l i g n i n g  both the A stations and the -

• B units. Investigating the ori gin and nature of the E unit
a l i g n m e n t  d r i f t  in the field may provide a gu ide  a,s to the -~
most flexible alignment standard.

The e f f ec t s  of mu l t i p a t h  fad ing  on the  B!1S s y s t e m  have
been inves t iga ted  and a technigue  f o r  cbserving these
ef f e c t s  has been deve lope db  Time l imi ta-t icns  r e s t r i c t ed  the
amoun t of pertinent information that could be obtained.

Further investigation of the operating areas Cf For t  Hu n t e r
Liggett shculd b-c conducted to include field strength tests

to determine those areas that would be most susceptible to 3

au lt i p a t h  e f fec t s .
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A PPENDIX A

B J N I T CH EC K OUT SET

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
_
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The B uni t  Checkcut  Set is designed to  opera te  t h r o u g h
any standard A staticn to provide an operaticnal checkcut of

a B un i t .  The set acts in essence as a C st3tioa providing

the necessary logic and triggering circuitry to cause the A

station to interrogate the H unit. The set requires a 120

Volt/60 Hz pcwer source  and provides  the  necessary  2E VDC
pcwer for the A station . The set will cause the A station

to interrogate the B unit in eitheL the Range or SCOM mode

w i t h  e i t he r  a single c o m m a n d  or c o n t i n u o u s  c o m m a n d s
(approximately 60 commands per sGc.) . 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 cu/off

switch , four SCOM message bit switches and 12 mE ssage

response lights. The additiona l large unmarked switch to

the right of the address switches is thE interrogation

comman d switch. This is a three—position switch , o f f  in the
center posi tion, single command in the spring loaded up

posit ion and c o n t i n u o us  c o m m a n d s  in the  d o w n  pos i t i on .  On
the right side of the upper panel are loca ted th ree signal
points. The two red points provide the transmitted and

r ece ived  da ta  b i t s  r e spec t i ve ly .  The l a r g e r  w h i t e  p o i n t  is
a synchronizing signal for use wit h oscillcsccpe work. The

r i g h t  s ide  pane l  has t h ree  cab l e s  c o m i n g  ~rc a  i t .  The  lower
single cable is the power cable. The remaining two cables

are the A station interface cables .
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1. Remove the cover on the Logic Module side of tne A

station. Install the set using the carrying handles of the

A station as supports. Disconnect the connectors AUJ2 and

A~4P2, then ccnnect AL&J2 and AL&P2 to the two interface cables

of the checkout set. Be sure the set is prcperly grcunded

to the A station ground tetminal. Do not connect AC power

to 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 an antenna on

the  A s t a t i cn  could caus e a blow out in the A s tat ion pulse
power amplifier.

3. Position the A addtess switcA to match the A station

address located on a tag on the Log ic Module of the A

station . Pcsition the B address switches to correspcnd to

the B unit address which is the serial number of the B unit —

Logic Mcdule. Connect the AC power cord to a 120V/6OHz

outlet and turn the power switch on.

4. Ap p ly power to the B un i t .  Select R ange  or SCC M and
either single or con tinuous comman d as des ire d . The messa ge
res pons e lights are designed to indica te as fo l lows :
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L Ligh t Numb er 1 2 3 4 4 6 7 8 9 10 11 12

Range bits S 5 6 7 8 9 10 11 12 13 14 15

- 
—

~ 
SCOM bits 1 2 3 8 9 10 11 12 13 C X X

Nc B response 1 2 3 X X X X X X X X X

C = Message complete when lit

X = N o t used

S = Status bit

15 = Least s i g n i f i c a n t  bit (2  meters)
Note:  (1)  Max  r ange  d i sp lay  is 4094 meters

(2) SCQ1~ bits ~, 5, 6 , an d 7 are no t d isplayed
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A P P E N D I X  B

TEKTRONIX 7834 STOHAGE OSCILLCSCOPE

The Tektronix 7834 Storage Oscilloscope is designed to

store single events at a maximu m writing speed of 25C0 cm

per micrcsecond.  This enables  - the us~ r to record
single—shot rise times of up to 1.4 nanosecor’-~~. The 7834

mainframe has a vertical bandwidth of 400 ~Hz and four

• p l u g — i n  c cm p a r t m e n t s .  Two of the c cm p a r t m e n t s  a r e  for
vertical systems and the other two are for horizontal -

systems. The four plug—ins used fo~ exp erimentation were:

7A26  Dual  Trace  Amp l i f i e r
7D11 Digita l Delay Unit

7385 De l a y i n g  Ti me Bas e
7B 80 T ine  Base

The overall operation of the main frame and plug—ins is

e x p l a i n e d  in detai l  in the i n s t ruc t ion  m a n u a l s  ( R e f s  1 7 — 2 1 )
The f ol l cw in g  is in tended  to descr ibe t h e  basic m c d e s  of
ope ra t i on  t h a t  were  used d u r i n g  the  exp er  ent s  a n d  assumes
a previous f3miliarizatio~ of the oscilloscopes features. A

p ic tu re  of t h e  scope fz o n t  pane l  is sh cw n  in F igure  10.

~~~~~~~~ Tine ~~~ ~~~~~~~~~ ~ven ts

This cperating mode was used in the laboratory to

d e t e r m i n e  t h e  ave rage  p r u p a g a t i o n  t i ne  of the  r a n g e  pulse
f r o m  the  A s tat ion to the B un i t  and ~~~~~
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1. On the mainframe , set the display mcde to Non Store ,

adjust the A channel and readout intensity to display the

baseline and digital readout.

2. On the m a i n f r a m e , set t h e  vertical mod e to Le f t , A and B
trigger scurce to Left Vertical.

3. Conn ect the input signal to either channel 1 or 2 of the
ver tical amplifier , 7A26, an d set trigg er scurce and d isplay
mode r espec t ive ly .
4 . Connect  an external trigger sourc e, which can be either

the input signal itself or a synchronous signal from the 3

unit checkout set, to the externa l trigger input of tn~
-; digi tal  de lay  u n i t .

5. Connect the delayed trigger output t~ -~xe extern al

trigger input of the delaying time base, 7E85. -~n the 7D11

set the  c o u n t  node to T i m e  I n t e r v a l Clock and the  t r igge r
mode to AC Coupling, source external. Only cne time base is
used f o r  this node . Set t h e  d e l a y i n g  t ime  b a s e  to
I n d e p e n d Qn t  delay made , t r i g g e r  C cu p l i m g  AC , so urce
E x t e r n a l , m ode  N o r m a l .
6. A d j u s t  t he  t r i g g e r  levels  of the 7D 11 an d  the 7Be 5  fcr  ~
stab le d i s p l a y .
7. W i t h  t h e  delay t i m e  k n o b  of the  7D 11 m o v e  t h e  l e a d i n g
edge of the transmitted range pulse to any of the vertical

graticules and expand the leading edge with Time/Div krcb o~
the delaying time base . If the trace beccmes to weak to

see , put the display mode to Var Persist and adjust tne

cnannel intensity and storage level.

8. Line up the 50% point of the leading edge with a

graticule and record the delay time readout cff the CR:.

i .  Move the delay time knob un til the received range pulse

falls onto the same graticule wit h its ~0% leadinç edee

point . Record the delay time readout off the CRT. The time

difference tc the first readout is the total tine of travel.

Th e actual propagation time can be determined by subtracting

the internal B un i t  delay t i m e .
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~~~~~ti~~~~~ Tr a n ~~~~ on C~ c1e4~ Pre~ a rat io~ for

The total transmission r~ycle display was used for

in i t ia l  HF link testing during labora tory and f ield
experimen ts and is the mode from which preparation for a

single—shot event recording could be made. The digital

delay unit was not used for this measurement.

1. The i n i t i a l  m a i n f r a m e  se t t ings  are the  sane as those
used p r e v i o us l y ,  1 and 2 above .
2. Connect the input video signa l to one of the  two
channel s cf the vertical amplifier .

3. If o p e r a t i n g  at the A s t a t ion  ccnnec t  th e  s y n c h r o n o u s
trigger signal from the B unit checkout set tc the external

trigger input of the delaying time base . Fcr operation at

the B uni t use the signal itself as the exterral trigger

source.

4• Set the delaying time base scale for display of the

entir e transmission cycle an d adjust t he trigger level for a
stable display. Set the B delay mode to E Starts After

Ce lay

5. On the delayed time base , 7B~ O , check that the trigger

controls are set the same as those on the delaying time

base , Th85.
6. A d j u s t  the  di sp l ay  i n t e n s i t y  so t h a t  t h e  d e l a y e d  sweep
i n t e n s i f i e d  zone becomes  v i s ib l e .  The  int e r si f ie d  z c n e  may
be v a r i e d  w i t h  the  T ime/ Div  k n ob  on the  d e l a y e d  t i m e  base ,
7880.
7. If the display is not stable change the trigger mcde on

b oth t im e  bases to Peak to  Peak A u t o  a n d  r e a dj u s t  t h e
trigger level carefully.

8. To prep are the scope for a single event recording, m ove
the intensified zone with the Delay Time knot cf the

d e l a y i n g  t i m e  base , 7385, over  t h e  desired w a v e f o r m  s Cct i on .
On the ~ainfr~ me , pus h the 3 h o r i z o n t a l  m o d e  b u t t o n .  This
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causes the delayed tim e base to control the display.

9. Set t h e  d isplay node  to Fast Var  Persist  and m a x i m u m
Au to Erase. This causes the displa y to be erased about

every second.

10. A d j u s t  t h e  s to rage  level , persis ta nc e and i n t e n s i t y  for
the  desired readout  and t r ace  visibil~ ty .
11. Turn the  Auto Erase button off. The sccpe is now ready

to record a s ingle—shot  e v en t .

1. A f t e r  t h e  scope has been set up to reccrd  a s ingle  event
push the Auto Erase button . This opens the input channel

f or a new recor ding.
2. The next signal into the input channel will trigger the

scope. PusI the Save button to stare the display cn tae

scope.

3. The C—12 camera and adapter are designed for use with

the  7834 scope. They  enable t h e  user to t a k e  a Po la ro id
p ic tu re  of the scope d i s p l a y .  M a k e  su re  t ha t  the  scope
display is properly focused and set at the ccrrect level of

intensity prior to taking the picture.
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A P P E N D I X  C

SINGLE—PATH EXPERIMENTS

Two single—path signa l experiments were conducted in

this phase of the work . The first experiment provided a

working knowledge of the PMS A station and B unit and some

operational familiarity with the 7834 oscilloscope. The

second experiment investigated the effects of path

a t t en u a t i c n  on the  detected s ignal  waveforms and the system
response in genera l .  Bct h experiments utilized the basic

setup illustrated in Figure 11.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1
Cbj~ctives

1. To investigate the signal waveforms of the A station and

the B unit ur.der test.

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

uni t checkout arrangement.

3. To investigate the internal delay of the P unit for

stability.

4. To investigate the effects of noise contributions from

the cabled single path and other sources.

— Procedure

1. A station 010 , micro—B unit 237 and the S unit checkout

set were set up as shown in Figure 3 1. The m cm encl ature and

serial num bers of the cther experiment hardware is given.
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N ome~ çlature ~~~~~~ No.

A t t e n u a t o r  1 KAY Var iab le  A t t e n u a t o r  9666

A ttenuator 2 Telonic Variable Attenuatcr 9130

Cable 1 Belden HG 213,/U 9.75 meters

Cable 2 Belden RG 213,U 1.04 meters

Cable 3 Helmet  A n t e n n a  Cable

Ci rec t iona l  HP 765D 9166
Coupler

Crystal  HP 42 0A 73
Detec tor

I’
EC Power  P M C 26643
Source

Note :  All cables were  ~G 213/U with a relative permativity
of 2.26. The cables were measured in length with the

Hewlett Packard 1815A TDR/Sampler and the AN /US?1—3 10(V)2

Oscilloscope. HG 213/13 is specified to have 9 dB loss per

100 ft at 910 MHz. Attenuator 1 was set at 30 dB and

attenuator 2 was set at 50 dE. A 3 dB loss due to cabling

was calcula ted so there was a total cf 83 dB of path

attenuaticn. This was well within the specified operating

range of 59 dB to 104 dB for the system.

The Hewlett Packard 765D Dual Directional Coupler

a t tached  to the A s tat ion antenna  por t p r o v i d e d  a v e r s a t i l e
test point. By putting a crysta l detectnr at the forward

direction branch port the transmitted signal of the A

station could be iuonitcred . If a thermistor coupled power

m et er  here inser ted  at this  test po int , the  a v e r a g e
t r a n sm i t t e d  p o w e r  of t h e  A s t a t i o n  could be m o n i t o r e d .
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2. The micro— B unit requires a 24 to 30 VD C source wbich
was orovided by a P1W power supply via the B unit power

breakout boy. In addition , the breakout box trcvided

several test points fr c m which various B unit signals could
be monitored. Pin 11 was of particular interest because it

provided the B unit detected video signal. The video signal

consists of both the transmitted and received video sicnals.

To determine if the B unit was ON , the test button on the B

Uni t I/O devicewas depressed. If the 4 lights on the I/O

device were illuminated then the B unit was cperating.

3. The B unit checkout set and the A staticn 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. Pin 7 located on the lcwer right—hand

side of the squelch module is a test point used to otserve

the rece ived signal of the A station. This is clearly

ex plained on page 6— 13 of Ref . 16. The probe in Figure 32

is attach d to pin 7.

4. The B unit checkout set was set to Range and continuous

command modes. A steady range reading of 64 tne-ers was

indicated by the checkout set. 
-

5. The 7834 oscilloscope was set up to record repea’ ed

even ts as detailed in Appendix B. The input to channel 1 of

t he  scope w a s  the  signa l t r a n s m i t t e d  b y  the A s t a t i on
detected oy  a c rys t a l  detector  at t h e  d i rec t iona l  coup le r .
The  i n p ut  to c h a n n e l  2 of t h e  scope was  the B uni t  de tec ted
video s i gna l .  F i g u r e  12 is a p ic ture  of the r e s u l t i n g
s igna l  w a v e f c r m s .
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6. The i n p u t  to channe l  I was change d to the A s tat ion
received s ignal  ( p in 7 on the squelch m o d u l e )  . The signal
w a v e f o r m s  w e r e  observed a n d  severa l range  pulses were
pho tographed. Cable 2 was then changed to a length of 39.4

meters and a range reading of 122 meters was displayed on - -

the  checkou t  set. The ex t ra  cable lengt h added 7 dB to the
path attenuation but this was still within the operating

r ange  of the  s y s t e m .  Several  r a n g e  pulses were p h o t o gr a p L 1~ d
f cr  this p a t h  lehg th .

7. The internal delay t i m e  cf the B un i t  was m e a s u r e d  by
put ting the ~ unit detected video signal on bcth  c h a n n e l s  of
t he  scope.  Using the  dua l sweep  delay on the  scope bo th  the
r ece ived  and t r a n s m i t t e d  r a n g e  pulses could be e x p a n d e d  and

• displaye d simultaneously, Figur e 33. The upper trace cf the

figure is the detected A to B range pulse (lOOns/div and

2 O m V / d i v )  and the lower t race  is t h e  B tc A r a n g e  pu l se .
M e r e l y  by a l i gning  the  50 pe rcen t  point  of each pu l se  to a
comm on verical g ra t i cu le  the  t i m e  b e t w e e n  r e c e i v ir g  and
t r a n sm i t t i n g  a r ange  pulse was read d i r e c t l y  form the  scope
display as 109.1 microseconds.
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There is definitely a bias factor that must be applied

to the slan t range readings taken from the checkout set.

The speed of transmission in coaxial cable differs from that

of free space by a factor of the squar e root of the relative

perma tivity of the center conductor of the cable.

Therefore, it is easily shown tnat a given length of R~
213/U correspcnds to a calculated path length in free space.

A cable leng th of 1.04 meters corresponds to a free—space

path length of 1.68 meters and a cable length of 39.4 ~ete:s

corresponds to a free—space path length cf 59.23 meters. —

Subtracting tuese free—space lengths from the respective

slant ranges yielded a bias of about 62 meters. Since cable

1 and the attenuators remained the same throughout the

single—path and multipath experiments their ccntributicns to

this bias was not considered .

The system op erated acccrdir.g to specifications and the

waveforms that were recorded were as expected. Figures 12 L

an d 34 sho w the signal waveforms corresponding 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 un i t  detected si gnals on its upper trace and

the signal received by the A station on the lower trace.

The twc pictures show the complete signals received and

transmitted by the A station and the ~ unit in the Range

mode. Ex pandin g the range pulse led tc scme interesting

resul ts.
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Figure 34 — RANGE MODE SIGNAL ~A v E F OR~S

rhe expanded  r ange  pu lses  detected at t h e  3 u n i t  a r .d the
A st a t i cn  are shown  in F igures  35A and 35B r e s p e c t i vel y .
The range pulse detected at the B unit is sharp with a

slight overshoot. The range pulse detected at the A station

indicated a audi noisier signal. By expanding the pulse

more (Figure 36) it was determined tha t the additional ncise

was at the irtermediate frequency (IF) of the A station

receiver. It was ccncluded that the noise was due to

leakage in the IF section of the receiver . This seemEd to

be characteristic of all A stations and had uo effect on the

ran ge accuracy.

The internal delay of the B unit was measured several

times during the experiment. It was clear that any

varia tions of the internal de lay during oper at ion of th e
system in the field would cause ranging errors. However ,

t he  e x p e r i m e n t  i nd ica ted  t h a t  t he  i n ter n a l  dely was stable

at 109.1 micr oseconds .
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F i g u r e  35 — XPA NDED RANGE PULSES
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1. To determine the operating range of the A station/s unit

comb inaticn under test.

2. To determine the effect of ~ath attenuatio n cn range

data and range pulse shape.

— Procedure s

1. The s e tup  fo r  this  ex p e r i m e n t  was t ie  sat e  as t h a t  s h c w n
in Figure 31. The experiTent hardware was the same as in

the  p r e v i c u s  exp e r im e n t .  C a b l e  2 , the RF l i nk , wa s 1.04
m e t e r s  in l e n g t h .

2. Opera ting in th e Range and  c o n t i n u o u s  c o m m a n d  modes
Attenuator 1 was varied from 0 dE to 80 dB. This varied the

total path attenuation from 53 dE to 133 dB. In each
— 1 setting of atten uation the checkout set was placed in the

single—comman d node and photographs recorded the shape of

the range pulses as detected at the B unit and the A

station.

3. At each setting slant ranges were reccrded in both th~
single an d ccntinuous command modes.

4. Range pulse 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 perce nt amplitude point to its ninet y pE rceflt

poin t.
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Table C—i gives a summary of the data collec ted during

th is  e x p e r i m e n t .  For each valu e of to ta l  pa th  a t t e nu a t i o n
the range cf slant range readings i-s indicated and wether

the respcnse was ‘steady ’ or ‘not steady ’ in the

continuous—ccm nand mode. A ‘steady ’ response means th at -th e
B unit responded properly to every interrogation by the A

station or that the B unit failed to respond to any of the

interrogations. In addition , for each att enua tion setting
an ave rage  s lant  range  is indicated . Thi s value  is the
average of more than thirty single—command respcnses.

Figures  37—4 14 p re sen t  r e p r e s e n t a t i v e  p ic tu res  of r ange
pulses f o r  selected values of pa th  at t e nu a t i c n .  Each  f i g ur e
consists  of two pict ures , cue c~ a r a n g e  pulse  d e t e c t e d  at
t h e  B u n i t  an d  one of a r a n g e  pulse detected at the  A

r stat ion . rhe slant r a n g e  corres pond ing  to a par t icular
pulse  is alsc ind i ca t ed .

When t h e  path a t t e n u a t i o n  was  less then  60 dB t h e r e  was
never a res pcnse to the interrogations of the ~ station.

T h i s was expected and meets the specified limits of

operation for the m i c r o— B  u n i t . That  is , w h en t h e

i n ter r o g a t i n g  signal a r r i v i n g  a t  the B u n i t  is too l a r g e  the
automatic -gain con trol (AGC) of the B unit receiver is

‘saturated’ and a ‘ no 2 response ’ r e s u l t s .  Th e  t a b u l a t e d
data also shcus that for values of path attenuatio n greater

t h a n  120 dE the B u i i t  never r e s p o n d e d .  ~ t a pa th
attenuation of 118 dB the response of tie B unit was not

stea d y, sometimes t h e  checkout  set i n d i c a t e d  a p roper  2 un i t
response and slant range and cther times a ‘no B response ’

cccutred. it was determined that leakage frou the

attenuators and cable connectors were creating alternate

paths icr the signals. When RF shielding material was

place d around all the connectors this problem vanished.

- - 
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It is clear f r o m  F igures  3 7 — 4 4  t h a t  as the  path
a t t e n u a t i o n  was increased t h e  avera ge slant range incr ease d
and the range pulses became more distorted hy noise. By

e x p a n d i n g  t h e  r a n g e  pulse to look at the leading edge it was

apparen t that in addition to overall range pulse distcrtion

the increase in attenuation caused an increse in the rise

t ime of the leadin g edge. Figures 45—47 are pictures ci 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 for low values of

path attenuation (70 dE) the rise time (60 nanoseconds)

differs significantly from the specified value cf ‘40—45

nanoseconds . Since slant ranges rely on the detection of tie

leading edge of the range pulses, the increase in slant
range as the range pulse rise time increased w as not
unexpected. Assuming that both the A station and E unit

range slicing levels were set at the fifty percent point a

change in rise time cf 10 nanosecond s fcr each range pulse

would cause a 3 meters error in the slant range.

It was assum ed that the deviation in rise time was due

to th e intro duction of passive circui t e lemen ts intc the

system by the attenuators and not a shortcomin g cf the A

station or the B unit. However , it is quite apparent that

distor tion cf the rang e pulse , in particular the leading

edge , causes errors in slant range data that nay be

significant depending cn the amount of distc:tion.
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F i g u r e  45 — RANGE DETECTED AT THE B UNIT
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F i g u r e  47 — RANG E DET ECTED AT THE B UNIT

PA TH ATTEN UATION 113 DR RISE TINE 88 NS

A similar experiment was conducted operating in the SCOM

mode . The resul ts of this experinen t were essentially t~~
same as that for the Range mode. When the signal arriving

at the B unit was too large a saturation ccndition existed

an d a ‘no a re~ onse ’ resulted . Also , when the path

attenuation was greater than 120 dB a ‘no B respons e’
re.sulted . There was no apparent bit shifting due to hig~
attenuaticn nor was the noise in the channel large enough to

cause bit errors.
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APPEND IX U

NULUPA ’IH SIMULATION EXPERIN!~ TS

The basic  mu l t i p a t h  s i m u l a t ion  of F i g u r e  1~ was use d in
several exp eriments to test the system response tc two

signals arriving at the A station or the B ur.it at about tie

~ same time. The overall objectiv e of these experiment s was

to determin e if it was possible to create conditions that

might cause system errors suc h as ‘wil d’ ranges. Dual

directional couplers were used to isolate the two signals so

different ccm bina tions of signal strength and path lengths

could be inves tigated. A secticn of variable length ccaxial

cable inser ted in the direc t path allc w ed for the chan ging

of the phase relation between tue two signals as they

combined at either the A staticn or the B unit. Figure 48

is the actual laboratory simulation setup wit h the RF

shielding material removed.
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To determine at what signal strengths the delayed signal has

an effect on the system response in the Rang€ mode.

1. The equipm ent was set up as shown in Figure 49. The

dual directional couplers introduced an additional 20 dB

lcss to each path. P:ior to begin~i.~4 rig the ~ultipath tests

each path was tested independently to insure that both paths

were opera ted pr op er l y  an d tha t the noise level in eac l~ path
was satisfactory . The direct path ccrresponded to a

free—space pa th of 10. 1 neters and the delayed path

correspon ded to free—space path of 58.2 meters. For this

ex periment the variable length section of the direct path

was kep t in the closed position. Due to a failure in the

in ternal 5 Vc l t po we r supply of the ~ uni t chec kou t se t, an
additional DC power source was required to provide power to

the logic section of the checkout set. The ncmenclature and

seria l num bers o~ the remaining hardware is given.

~~~eaclatu~~ ~er i~1 Mc.

F Directional HP 765D 9165

L 

Couplers 9166

25 dB Telonic 913U

A ttenuators 51Li3B

Variatle KAY 871

Attenu ators 9666

DC Power PMC 36643

a Sources 72577
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2. Both paths were connected. The variable attenuator in
the delayed path, attenuator 1, was set to 0 dB. The system
was operated in the Range and ccatinuous command modes. The
variable attenuator in the direct path , attenuator 2, was

incremented from 0 dB to 3~0 dB. At each setting of
attenuation , twen ty single commands were initiated and the
resulting slant ranges were recorded. Several pictures of
range pulses were taken at each setting.
3. The procedure in 2 above was repeated w ith attenuator

set at 0 dB and attenuator 1 varied fran 0 dE to 10 dB .

Ta
~
bles E— 1 and D—2 show the results of the single—pat h

tests for the direct and delayed paths. As expected , hoth
paths operated properly over the specified range of signal
levels. Figures 50 and 51 are pictures cf representative

range pulses detected at the 5 unit for each path operating
independently. The results of the multipath simulation
tests are shcvn in Table D—3. Figures 52—59 are pictures of
range pulses detected at the B unit for the indicated
a t tenu a t icn  combinations.

It was apparent  that whe n the s t rength  of the
d e layed—path  signal was w i t h in  3 dB of tha t  of the direct
path the B uni t  failed to respond to t h e  interrogat ions.
Figure  54 clearly shows the presence of two range pulses
arriving at the B unit  about 160 nano seconds apar t . This
t ime d i f ference  corresponds to the difference in length

te tween the delayed and direct paths. Since the dura t ion  of
a range pulse is much longer than 160 nanoseccnds , the  range
pulse of the  delayed path is superimpo sed u p cn  the  pulse of
th e direct path .  The am cunt  by which the second pulse
effects  the  f i rs t  is determined by the relat ive s t r eng th  of
the two signals and the phase re laticn between the two
sig nals up on arr ival  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 75.8 STEADY

85 76.9 STEADY

90 77.3 STEADY

100 78.6 STEADY

105 78.8 STEADY

110 82.0 NOT STEADY

115 88.2 NOT STEA1~Y 
‘

120 NO B RESPONSE STEADY

Table D—2 DELAYED PATH ATTENUATION TEST

TOTAL PATH 
- -

. 
- - - -

~~~ AVERAGE 
- - - - 

RESPONSE
ATTE NU ATION (DB ) RA NGE ( METERS ) STABILITY

8o 119.2 STEADY

85 120.9 STEADY

90 121.7 STEADY

95 
• 
122.2 STEADY

100 126.0 STEADY

110 127.1 STEADY

115 NO B RESPONS E STEADY

- - - 
120 NO B RES PONSE STEADY

99
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Figur e 50 — DETEC~ ED R A N G E  PULSE FOR DIRE CT P A T H

~~
Figure  51 — DETE CTED RAN GE PULSE FO B D E L A Y E D  P A T H
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It is also apparent that the pulse amplitude in Figures

53 and 54 are significantly greater than those correspcnding

to a proper B unit response. These large amplitudes create
the saturated condition in the B unit 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
initializaticu pt.tlse would cause a saturated. coad.iticn in
the B unit receiver. This would lead to a ‘no B response’
result.

When the direct— path signal was 6 dB less than the
signal of the delayed path erroneous ‘wild ’ ranges resulted.

L 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 slan t range
of 458 meters. It is clear that the range slicing lev~]. of

the B unit was set such that it was triggering on a point
cther than the leading edge of direct—path range pulse.
This result shows that the RNS system is capable o~
producing erroneous range data undar these simulated

conditions. Whenever the signal of either path was more
than 6 dB greater tha n the signa l of the other path , the
system responded properly and indicated slant ranges
correspondinç to the length of the path Cf the stroflger
signal.
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Fig ur e 52 — DETE CTED RAN GE PUL SE

DIRECT—PATH ATTENUATION 73 DB

DELAYED—PATH ATTEN UATION 80 DB
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Figure  53 — D E T E C T E D  R A N G E  P U L S E

DELAYED—PATH ATTENUATION 80 DR

DIRECT—PATH ATTENUATION 75 DR 
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Figure 54 — DE T ECTED R ANG E P ULSE
DIRECT—PATH ATTENUATION 80 DE

DELAYED—PATH ATTENUATION 80 DR

I

Figur e 55 — D E T E C T E D  R A N G E  P U L S E
DIRECT—PATH ATTENUATION 83 DR

DELAYED—PATH ATTENUATION 80 DR
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Fi,gur e 56 — DETECTED RANGE PULSE

- ‘ 
DIRECT— PATH ATTENUATION 85 DB

DELAYED—PATH ATTENUATION 80 DR

I
—-~r~ I-

Figure  57 — DETECTED RANGE PULSE

DIREC I— PATH ATTENUATI ON 86 DR

DELAYED—PAT H ATTENUAT ION 30 DR
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Figure  58 — DETECTED R A N G E  PUl5~
- 

DELAYED—PATH ATTENUATION 80 DR

DIRECT—PAT~1 ATTENUATION 88 DR
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Figur e 59 — DETECTED RANGE PULSE

DIRECT—PATH ATTENUATION 95 DR

DELAYED—PATH ATTENUATION 85 DR
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1. To create an extreme case of multipath interference and

determine the effects on the system operating in the Range

mode. Th~ phase relation of the two signals in the

inul tipath si~ ula tion was adjusted to cause a m a x i m u m  amoun t

of distortion to the Range mode signal wavefcrms .

2. To de termine if complete cancellation c± the direct-path

signal. cculd be achieved.

Procedures

• 1. Again , the arrangement shown in F i g ur e  48 was the
- 

- star t ing poin t  for  th is  e x p e r im e n t  The sam e har d war e was
used in this exp eriment as in the first multipath

experimen t. The direct path had an initial ‘ath loss of 70
dB with variable attenuator set to 0 dB. The delayed p a t h

had an initial p a t h  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 the only portion

of the signal wavefcrn tha-: was cf iz~terest i1 this

exper iment.

3. The var iable  a t t e n u a t o r s  of b o t h  p a t h s  were  se 4 su ch
that  the signal s t rength  of the  delayed p a t h  was f r o m  12 dB
less to 9 dE g rea ter  tha n t h e  signa l s t r e n g t h  of ~~~ d i rec t
p ath . At  each settin g t h e  va r i ab l e  l e r g th  s ec t ior. was

ad jus ted  for  m a x i m u m range  pulse  dist o r t i on .  P i c t u r e s  were
tacen  of range pulses detect e d at both tne  A st a t ion  a r d  t h e
E u n i t .
4. By setting the variable attenuator in t.~~e direct  p~~~h to
10 dB the signals of the two paths were as equa l as could be

measured or calculated. The var~.able length section was

1’7
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ad jus ted  f o r  a minimum r an g e  pulse s ignal  and t h e  r e su l t s
w e r e  r e co rded .

The r e s u l t s  of th i s  e x p e r i m e n t  are s h o w n  in t ab l e  D— 4.
The table indicates  the  total  path a t t e n u a t i o n  s e t t i n g s  for
each p a t h , t h e  ave rage  ran qe  re sponse  fcr  a t  least 20 s ingle
c o m m a n d  i n t e r roga t ions, t h e  response s t at ili ty  a n d  t~ e
se t t ing  fc  the var iab le  length  coaxial  cable sect ion.  The
n u m b e r s  in the  :espcnse s t ab i l i ty  c o l u m n  i n d i c a t e  the
p e r c e n t a g e  of p roper  r esponse s  for  t h a t  s e t t ing .  The

* r em a i n i n g  p e r cen t age  of i n t e r r o g a t i o n s  resul ted in e i ther
wi ld  r a n g e  or ‘no B resonse ’ results . The var i ab le  leng th
section was  ca l ibrated in millimeter increments and the

set t ings ind ica te  the  a m o u n t  of ex tens ion  f t o m  the  closed
posi t ion.  As ind ica ted, t h e r e  were  s eve ra l  instances w h e r e
the  sys t em gave  a ‘ no B r esponse ’ resul t . Scne of the more
severe cases of range pulse distortion are presented in

Figures  6 0 — 6 2 .  Each  f i g u r e  consists  of t w c  p i c tu res  of
range  pulses , one detected at t h e  A station and one at the 5

uni t . The am o u n t  of d i s to r t ion  was abou t  equal  f o r  t h e  two
types  of r ange  pulses. F i g u r e 28 p r e sen t ed  p r e v i o u s l y  and
F i gur e  63 shc w the  most severe  d i s tr t ion  ach ieved .  Both
f i g u r e s  are p ic tur es of r a n g e  pulses detected at the  B unit .

Comp le te  cancel la t ion  of the  d i r e c t — p a t h  s ignal  was
never  a ch i eved .  Al t t i ou gh  m i n i m u m  signals caused di s t cr t i on
of the si gnal  w a v e f o r m s , the combined s igna l  w a s  a l w a y s
large encu gh to trigger the B unit . When the system was

operated at the maximu m specified operating range , that is

with both path s set at 105 dB of attenuation , it was

possible to cause the system to give a ‘no S response ’
r esu l t .  In this case , t h e  s t rengt h of t h e  c omb i n e d  si gnal
was too lcw to tr igger  the B un it .
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1. To determine the e f f ec t  of the m u l t i p a t h  s imula t ion  on
data  bits in the signal waveforms of the SCCN messages.
2. To determine if bi t  sh i ft ing  can be caused under  the
iultipatb sigulation.

1. The same mul ti path  s imulat ion a r r a n g em e n t  (F igure  49) -
was used as tha t employed in the f i r st two mu l tipa th
simulatica e~tperiin eats.
2. Prior to commencing the mu l tipath pcr tion of the
e x p e r i m e n t , the e f f e c t s  of pa th  a t t enua t ion  cn the SC UM mode
signal waveforms for each individual path were measured .

Opera t ing  in the SCUM mode w i t h  single co mmands , the message
data bits  detected at the B un i t  were monito red .  The total
path a t t enua t ion  for each path was incremented over the

spec i f ied  op era t ing  range of the system and  the responses
recorded. 2cr each attenuation setting, several dingle

c omm a n d s  were  initiated at the B checkout set. For each

ccmm a n d , the four bit SCU M message transmitted by the A

stat ion and  the fo ur bit SCON message received by t he  E un i t
as indicated on the  B unit I/O device were recorded as well
as the response l igh ts  of t h e  B unit c h e c k o u t  set.
3. In the  mul t ipa th s imula t ion  portion of the e x p e r i m e n t
the  same in f o r m a t i o n  was  moni tored and  recorded as in 2
above . Cpera t ing  in i t i a l ly  wit h t he  v a r i a b l e  length  sect ion
of the direct pa th  in the closed posi t ion , the  path
attenuations were varied and the responses at each se t t ing
were recorded.

$• The variable length section of the direct path was set

to 10 cm and  step 3 of th is  procedure was repeated .
— 

5. Sveral path attenuation combinatio ns w-ere selected. For
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each combination , the variable length section was set to
- - se veral positions and the system respon se record ed as

before.

In the single—path tests, whenever the path attenuation
was greater than 105 dE the B unit failed to display the
message transmitted by the  A s ta t ion.  Al though  the  system
did work properly within its specified operating range , it

-• had worked over a larger range  of path a t t enua t ion  in the
Range mode. Table D—5 shows the  results fo r  the s i n g l e — p a t h
tests. Figure  613 is a picture  of the detected video signal
of the B un i t  and shows three message bits for a ccmaand
that  resu l ted  in correct response.  The p ic tu re  of F i g u r e  65
shows similar message bits for a command where a ‘mc B
response ’ resulted. This picture shows a large noise spike

in the  middle  bit. There were  no instances of bit shif ting
or wrong messages being display ed during this test. Only

one instance occurred where the B uni t  received and
d isp layed  the  correct transmitted message and then failed to
respond to the  A s tat ion.  It was concluded tha t  path
a t tenua t ion  in a single pa th  would not cause e r rors  in the
SCOM mode provi de d the sys tem was operated w i t h i n  it s
designed operating range.
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Figur e 64 — SCOM MESSASE BITS

F i g u r e  65 — DISTORTED SCOW M E S S A G E  BITS
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In the multipath simulation ,, for a fixed direct—path

length, which does not result in pha se cancellation , the
system operated properly for all atenuation combinations
selected , Table D—6. The pictures of Figures 66 and 67 show
that distrotion of the message bits did occur , but not
enough to cause errors.  H o w e v e r , when the va r iab le  section
of the direct path was adjusted f o r  a near cancellat ion
condit ion , the B unit failed to respond to the A s tat ion ,
while at  the  same time the  B unit  co r rec t ly  detected an~I
displayed the SCOM wess~ge transmitted by the A station.
This t y p e  of respo nse happened  several times as is indicated
in Table D—7 . The signals shown in F igures  68 an d  6~
correspond to two instances where the E unit correctly
received and displayed the  SCOM message but  f a i l e d  to
respond to the A station. There were no case wh e r e  the  B
uni t  d i sp layed  an incorrect 3COM message nor was bit
sh i f t i ng  evident.

118

- — - -  
‘
-
~~~~~~~~~~~~~~~~~~~~~~

---
~~~~~~- ~~~~~~~~~~ -~~~~~~- -— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~



— — - 
‘~~~ -~~T~~ ‘~~~~r - -

Es
C-z

0 0 0 0 0 0 0
U) i-4 I I I I I I I * ~~

> ‘~~ C.) C.)

C.) C.) C.) C.) C.) C.) C.) C.) C.) C.) C.) C.)
Es Es Es Es Es Es O~ 0 Es Es Es Es Es Es

U ) Z  s-) ~-) s-) ,.) p -) s-) n. P. ~-) ,-) -4 5-) 5-) 5-)

0 P. ~. P. 0. 0. 0. U) Cl) 0. 0.. 0.. 0. 0- 0.
E- s-s z x I I I I C.) C.) x I I I I I

o o o o 0 o ix ix o o o 0 o o
5-

~ 0 - .~ 0 0 0 C.) 0 0 0 0 0 0 0 0

~ ~~o U) U)
O s -i  C C C- C- C C.) C- C C) C C CZ C.)~~~ Cl) U) Cl) U) U) U) 0 0 U) Cl) U) Cl) U) C/)

0 z x z x x x x z z x x z x x x

Z C.) C.)
~~ C >  0 ‘- 0 0 ~- ‘- 0 r 0 0 c ~~ 0 r
Es 0 0 o ‘- 0 ~- 0 0 0 ‘ 0 ‘ 0 0
Es U ) C .~ 0 0 ‘- ~~ ~~ 0 0 ‘ i- i- ~~ ~~ 0
< C f l 0  0 0 0 0 0 0 0 0 0 0 0 0 ~

- 
~
-

x i x

0.
s-s
Es Es

Es
I C X  0 ‘ 0 0 c ~ 0 ~~ 0 0 ‘ ‘- 0 ~0 0 0 ‘- C ‘- 0 0 0 ‘- 0 ‘- 0 0
I U ) Z  0 0 ‘- ‘- ‘- 0 0 ~~ ~~ ~~ ‘ 0
0 c l ) -~~ 0 0 0 0 0 0 0 0 0 0 0 0 ~~0 C~- C ~U) X E -

S.C • 
I.

U)

• E — Z
1_I ..~~C

0-s- i
I E -  0 0 0 0 LA 0 0 0 0 0 0 C 0 0

Es ~~ a) O~ C . ~~ a) a) a~ a) a) a) a) a)
‘- .- r-

< C .)

—S
U)

5—

< 5—,
0 - E s
1 <  0 0 0 C) 0 0 0 0 0 0 LA 0 LA 0

• Es ~~ N N N N C- N a) a) C~ 0 0 ~~0 Z

119

- - - - ~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~ 
— - - - A



— =-~---———- 
- - - 

—-----• - ~;__• — —~~- 

~~~~~~~~

~~~~~ - - ~&- - • - -

If~~~~ A~

_ _ _ _  

H

- - —~~~~~ ~~~ - sL ~.

- -  -

Figure 66 — Dt STO R~tED SCOM MESSAGE SITS
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A P P E N D I X  E

HELME T A N T E N N A  MODIFICATIONS 5-

The object ive  of th i s  section was to design
m o d i f i c a t i o n s  to t h e  basic helmet a n t e n n a  t h a t  wcu l d
s i g n i f i c a n t l y  alter the an t enna  p a t t e r n .  Three  hasic
h o r i z o n t a l  a n t e n n a  p a t t e r n s  were desired and are shown in
Figure 70 .  Config ura t ion C is the  omnid i r ec t iona l  cas€ and
no m o d i f i c a t i o n s  w e r e  needed . C o n f i g u r a t i o n s  A and B
clearly require some modification to the helmet antenna.

- ‘ Configuration A has a pencil beam pa ttern and thus  can be
used to l imi t  signals to the direct patii. Configuration B

produces a horiz cnta l p a t t e r n  with  a deep nu l l  in one
d i rec t ion  t h u s  can be used to block the  d i rec t  p a t h  signal .

The design of the  modi f ica t ions  was  by trial and error .
A l u m i n u m  shie lding and RF a b s o r b i n g  mate r i al ,  was used to
a l te r  t he  rad ia t ion  p a t t e r n  for  the  a n t e n n a .  Or c e  a
modification had been ma de the  hor izon ta l  pa t t e rn  fo:  t he
mc difie d antenna was measured. Figure 7 1 is a d iagra m of
the se tup  used to measur e t h e  an tenna  p a t t er n s .  For t~~st ing
and conven ience  purposes , c o n f i g u r a t i o n  C con sisted cf the

he lm et  a n t e n n a  j no un ’ed on a 12 in. by 15 in. sheet of

a l um i n u m  w i t h  one and  one—ha lf inches th ick piece of
ab sor bin g mater ia l  b etwee n the an tenna  and  the a lu iin t i m
(Figure 72) . Figure 73 is t h e  r e su l t ing  h o r i z o n t a l  p a t t er n ,

w h i c h  is near ly  the omnidi rec t iona l case . The m a x i m u m  gain
was used as a reference and set to 0 dB.
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For configuration A an aluminu m box with a one inch wide

slit, vertically oriented , was placed over the helmet

antenna in configuration C (Figure 714) . Addit iorally,

absorbing material was packed between the box and the

an tenna. Figure 75 is the horizontal pattern for

configura tion A. The maximum gain in the fcrvard direction

was approxima tely —6 dB with respect to the omnidirectional

case. This gain reduction was not considered significant

since the desired sideward gain reduction was achieved.

Co n f i gu r a tion B is shown in Figure  76 and consists of a
I one and one—half inches wide strip of alumin um vertically

orien ted placed in frcnt of the antenna of ccnfiguration C.

The space between th e antenna an d the metal was f i l led  wi th
absorbin g material. Ihe horizontal pattern for

— 

configuration B is shown in Figure 77. The desired m axim um

gain in t he s ideward d irections was a b o u t  1 dB below t h a t  o f

the omnidirectional antenna. T~ie gain reduction achieved in

the f o r w a r d  direction was  almos t 6 dB relat ive to the
sidewar d level.

Equipment lin itatio~~s prec luded taking exact vertical

pa tterns for configurations A and B. However , fron’ the

patterns that were available it was conc luded  that  no severe
gain re d uc tion occurred up  to 140 degrees above the

horizontal plane. This agreed with the results of previous

tests (Ref. 1)
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APPENDIX F

FIELD TE STS

The first series of tests used the A station site J05

near the Pt. Hunter Ligett airfield. The three B uni t
iccations are shown in Figure 23.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ The
ob jective of these experiments was to become familiar wi th
the intended measurement procedures for the field. It was

expected to aetermine addit ional requirements and to report

abnormal results. The test setup used was the standard A3

configuraticu of Figure  21.

In test A 1B 1 the B unit was at a distance of about 270

meters from the A station. Since r e f l e c t i n g  object s were
located a t a large distance from either the A station cr the
B uni t, it was expected that the direct—path signal woul d be
dominan t The data collected and significant signal wavefor m s

are shown in Table F—i and Figures 78—82. The range pulse

transmitted from the A station was ch ecked frequently and

showed nc distcrtion , Figur e 78. After abcut two hours cf

op eration the B unit responded only interm ittendly to

interrogations from the A station. The ambient temperature

had climbed to about 400C .

Figure 79 shows a returning waveform detected at the A

station , which was determined to be IF noise. Sinc€ any

vi deo detected RF carrier showed IF leakage , Figures €1 ~nd

82, it was ccncluded that this wavefor m r e p r e s e n t e d  e i t h e r  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,

elevation 72 inches, it was concluded that in addition to

the reasons indi ca ted above , antenna gain reductions might
hate caused power 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 -

conf i gura tions no t a f f e ctin g the lea d ing edge of a ran ge

pulse.

Experimen t A1 B2 was performed to compare the results in

A 1B1 against another B unit, set up f o r  test purpo se s a t a
k n o w n  dis tance.  This  test B unit  responded  d u r in g  30
interrogations wit h a good return range pulse. A typical

range pulse is shown in Figure 83. Enve lope  v a r i a t i o n s  did
not affect the leading edge in any of the cbserved cases.

13C.
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Figure 78 — .~ S T A T I O N  T R A N S N I TED R A N G E  PULS E
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For experimen t A IB3 the B unit used in A 1B 1 was lccated

about 800 meters away against gentle rolling hills. For

this deployment teultipath propagation could occur. The

objective was to det~ rnine wether due to the short range in

A lBi the B unit might !‘ve been in an A station antenna S

null , whi ch e f f ec t s would hav e teen more ser ious at a r .t en n a
configuration B. At this  tine however the B unit failed to

respond at all. Since another B unit was not readily

availa ble the experiment had to be postponed to the next

day. The B unit was checked out later using the single path

s imu l a t i c n  -test setup. It ~as found that the B uni t resonded

caly over a pat h attenuation range from 30 dB to abcut 65

dE.

The next day experiment klE3 was ccntinued with a

ditferen: B ~~it ri sing only a tiae period frcm 6 am to 10
an , while the ambient temperaturEs wer e relatively low . Tne

acquired data for experiment A 1B3 are shown in Table F—2.

Figure 814 shows a typical range pulse return. All range

readings were acceptable. Slight range pulse envelope

variations did not affect the leading edge of the range

pulse , as shcwn in Figures 814 and 85.
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Figure 79 — SI G N A L  AT TH E A ST A ON SHOW IN G IF NOISE

SLAN T R A N G E  IN D I C A T E D  2 ~
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Figure 80 — S I G N A L  AT THE A STA TITIO N S H O W I N G  IF N O I S E
SLANT RANGE INCICATED 14190 ~
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Figure  81 — R A N G E  P U L S E  DETECT ED AT T H E  A ST A TIO N

ANTENNA CONFIGURATION 1—36 INCHES , RANGE 26 6 ~

-

~

Figure 82 — RANGE PULSE DETECTED Al THE A STATION

AN IENNA CONFIGURATION C—72 INCHES , RANGE 270 N
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Dur ing  e x p e r im e n t s  A 1 B 1  tc k1B3 the f cl lowing  general
cbserva t ions  wer e made : The B unit I/O device  f a i l e d , when
SCO M mode  e x p e r i m e n t s  w e r e  a t t empted . w i t h out  t he  I/O
device ccnnec ted the 8 unit represen ted insufficient lca d to
the batteries. The B unit had to be connected to a

r egu l a t ed  DC power s u p p l y ,  f e d  by  an AC g e n er a t o r .

From these initial familiarizaticn experimen ts it was-

concluded that

1. N ore  B un i t s  had to be m ade a v a i l a b l e  to e x t e n d  total
test t ime .
2. Tests had to be conduc ted  d u r i n g  lcw a m b i e n t  f i e ld
temperature period s to avoid B uni t  f a i l u r e s .
3. Further investigations were re~~1ired to determine why
the B unit failed after a relatively short time of operation

in a h igh  t e m p e r a t u r e  e n v i r o nm e n t , whi le  it had w o r k e i  for
the  en t i re  l a b o r a t o r y  ex p e r i m e n t  phase .
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Figure  83 — R A N G E  P U L S E  DETECTED AT THE A S T A T I O N

ANTENNA CONFIGURATION C—72 INCHES , RANGE L&958 [1
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Figu re  811 — R A N G E  P U L S E  DETECTE D kT T~~E A S T A T I O N

A N T E N N A  C O N F I G U R A T I O N  C—72 INCH E S , R A N G E  30 8 M
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F i gu re  85 — RANGE PULSE DETECTED AT T H E  A S T A T I O N

ANTENNA CONFIGURATION A— 18 INC~1ES , RANGE 808 N
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Fiel4 ~~~~ A3B 1

Field test A3B 1 was p e r f o r m e d  at C a m p  Rcber t s  M i l i t a r y
Reservation . The standard AB test setup was used to find

out  w h e t h e r  a s table  R? l ink could be es t ab l i shed .  A
s ta t ion and B unit locations are shown in Figure 25.

Using all three B unit antenna configurations and two

p reteste d helmet antennas as well as one h i g h l y  d i rec t iona l
circularly polarized Helix antenna , the fcllowing results

were o b t a i n e d :  The B u n i t  w i t h  he lme t  a n t e n n a  unshielded

responded s teadily fo r  about  145 minu tes .  Then  it s t a r t e d  to
respond  in t e r mi t t en d ly .  V a r y i n g  the a n t e n n a  h e i g h t , the
c o n f i g u r a t i o n  as wel l  as t h e  posi t ion w i t h i n  a w a v e l e n g t h
did not improve the resp3nse. Using the helix antenna (9 dB

gain over isc tropic) re gaine d stead y respon ses for abou t 10

minu te s .  F ina l ly  a f te r  abou t  2 hours  t h e  B unit  f a i l e d  to
respond at all. A hard wired s i n g l e —p a t h  s imu l a t i o n
ver i f i ed  t h a t  the  B u n i t  r ece iver  s e n s i t i v i t y  had degraded.

Steady  responses could be obtained only from 30 to 6~ dB of
path attenuation. The following conclusion s here drawn :

1. The B units checked out and aligned by maintenance

personnel  at Ft.  H u n t e r  Liget t  genera l ly  decayed in rece iver
s ens i t i v i t y  aft e r a short t i m e  of c o nt in u c u s  o p e r a t i ca  at
f i e ld  t e mp e r a t u r e s  be tween  25 and  45 °C.
2. They decayed s lowly  or rapidly  d e p e n d i n g  u p o r  t n e

p a r t i c u l a r  B unit. In this experiment as well as in  test
A 18’4 the sensitivity reduction could be balanced using

higher gain antennas.

3. A spuriously responding B unit turned oft  may reccver
fo r  a shor t  t im e as observed  d u r i n g  the s i n g l e — p a t h  test
fcllowin g test A2B14.

14~ Laboratory temperature sensitivity tests had to be done
to inves tigate wether amplifier circuit breakdown cr EF

c e n t e r  f r egu e n c y  d r i f t  was ca using th i s  sensi 1~iv i t y

1414
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degradaticn . 
-

•

5. The B uni t foun d decaying in receiver sensitivity using

the standard single— path test were returned to the

maintenance facility. There they checked out to operate 
i

according to specifications. Therefor e a ccmparisoa test

had to be made between checkout procedures. The results of I -

the temperature and checkout comparison tests are given in ~-

Appendices G and H .

I
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The ob jective of the first three of this second series

of experime nts was to investigate RF link signal w a v ef o r ms
in an e n v i r o n m e n t  l ikely for  multi path p r o p a g a t i o n .  The
test se tup  was the sam e as descr ibed in test A1 B 1.  This
time however a preliminary ‘room test ’ was perforired to

ensure proper A station and B unit operation. At room

t emp e r a t u r e  it was found, that the two B units *220 and #2314

operated satisfactorily, over a path attenuation range from

65 dB to about 105 dE .  A new A station was used in this

test, *027, and it d isplayed the same IF leakage in the
video d etec ted range pulse w a v e f o r m s , for  which  t h e  o the r  A

station had been exchanged. Since this IF ripple did not

a f f ec t  the  range pulse l ead ing  edge it was  accepted as a
system feature. Further investigations into the detector

c i rcu i t ry  w e r e  not a t tempted .

A station site E20 was chosen for the subseguent field
tests. Its location and those for the B units are shcwn in

Figure 214 . Although for A 2B1 and A282 the distances from

the A station to the B unit were well within the system

coverage not a sin gle B u n i t  response could he o b t a i n e d  ~or
both un i t s . At th is  time it was not clearly unde rs tocd why
the HF link ~as wo rking so badly. Therefore the objective

of the test was changed into a continuing hardware

re l iab i l i ty  invest igat ion.  Sin ce broken E ur.it antenna

elem ents as well as bad cab les and connec tors coul d hav e
caused a HF link f a i l u r e  those components  were  i n t e r c h a n g e d
frequen tly without any improvement. Parallel to this the A

station power output and signal waveform were checked ani

compare d with the specifications. No malfunction s of the A

station cculd be detected .

In test A283 the B uni t  was moved as close as 300 aeters

to the A station. The objective was to determine whether

114 6
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the B unit perfor mance depended on the AB seperation , which
would have explained a similar receiver sensitIvity

degradation found during test A1 B1 . At this short distance

tae B unit responded spuriously to about every 50th
i a t e r roga t i cn  regardless of antenna configuration. Figure

86 shows the transmitted range pulse from the A station ,

Figure 87 a ~no B response ’ signal cycl e an d Figur e 88 one
of the few bu t accurat e range pulse return waveforms.

The nex t experiment , B1A 1 , was con ducted at the A
station site 305, used earlier , for two reasons. It was

desired to cbserve the received range pulse at the B unit

under  spu r i o u s  response cond i t ions . At t h a t  t ime on ly  one
A C generator was availabl e to be used at the B unit location

for the BA a r r a n g em e n t .  On ly  site 305 p r o v i d e d  an AC cutlet

to power the B unit checkou t set and the A station itself.
Also , it was known f r o m  earl ier  tests, that the A station

antenna at 305 was w o r k i n g  p r o p e r l y ,  such tha t the
m a l f u n c t i o n i n g  AB link could be related to t h e  B u n i t .  The
test was set up using the standard BA arrangement. The B

unit location was the san e as in test A1B1 . At this close

range B unit 234 res pond ed spurio usly fo r  all a nt en n a
c o n f i g u r a t i o n s  to ever y 5 0 t h  interrogaticn. Address and

range  pulses  wer e de tec ted  at a very low HF carrier level
such tha t noise spikes could distort both waveforms. figure
89 shows a received B unit  address sample w i t h  almost no ~P

carrier level .  The h igh  amplitude noise spike ha d passed
the video fil ter and might hav e change d an ad dress bit suc h

that the B unit could not respond. Figure 90 shows a severe

distortion of the envelope of a low signal range pulse.

Since the signal level was so lo w , the AGC was set tc its

m a x i m u m  ga in  such tha t slight enve lope  variations as

observed earlier had a very pronounced effect . Since the A

station and its antenna were tested to operate properly by

interrogating the test B unit , the m a l f u n c t i o n  c~~~ld be

limited to either the B? path , the B u n i t  a n t e n n a or the  B

1147
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~~ unit itself. It was therefore logical to exclude botb the

HF path and t~ e antenna and use t~ e single—path simulation

arrangemen t f-or further B unit sensitivity tests. The
- 

waveforms observed at the B unit video d~ tector agreed in

distcrtion with thcse cbserved in the field. Moreover , the

B unit receiver sensitivity had d e g r a d e d  such t h a t  it
responded only between 30 dB and 60 dB of path attenuation.

From the  f ir st series of tests it was expected -that B

I unit receiver sensitivity would decay with increasing

operatin g time and increasing ambient temperature . It was

not understood why  bo th  un i t s  s tar ted  to f a i l  im m e d i a t e l y  in
the field. Both units were turned in fcr an opera-~icnai
check and realignment. It was decided tc cont~ nu€ the

hardware reliability tests in order to find out whether

-

- these resul ts  appl ied  to a large n u m b e r  Cf ava i l ab l e  8
units.
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F i g u r e  86 — A SThTION T!UNS~1IIT~~D R A N G E  P U L S E

F i g u re  87 — R A N G E  ?!CDE WAV EF0R~ , NO ~ HESPONSE
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Figure 88 — RANGE PULSE DETECTED AT THE A STATION

ANTENNA CONFIGURATION C—18 INCHES , RANGE 312 N

F igur e  89  — DATA BITS DETECTED AT T~ E 3 U N I T

RANGE MODE , NO B RES PONSE
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F igure  90 — R A N G E  P U L S E  DET E C T E D  AT T E E  B ~J N I T
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?i~~ld~~~~~~~s A2 B 4 and A l B 4

These tests were a continuation of tests A2 31—A2B3. T~ e

objective was to find out whether the results from the last

tests could be duplicated , usin g a different B unit (*231)

an d different antennas and antenna cables. The B unit

ic-cation was the sane as that used for test A2B1 .

The B unit res pond ed intermittendly in all  t h r ee  a n t e n n a
configurations w here the num ber of respon ses decrea sed from
about one out of five to about one oit of 50 interrogations

after 45 minutes of operation. Since a steady response was

received frcm the test B unit , B un i t  231 wac taken to the A

s ta t ion  site and teste3. f cr  receiver  s e r si t iv i ty .  The

s tandard  s i n g l e — p a t h  setup was  used.  Th~ r e s u l t s  were
sur prising since it respon d e d over the speci fied rançe ~f

path attCnuation from 65 dE to 115 dE. Therefore , it ~as

assumed that the antennas and antenna cables were

m a l f un c t i c n in g .  This a s sunp t ion  was  conf i rmed  w h c n  t~~e
num ber of responses could be varied significantly just ny

twisting the antenna and/or antenna cable. The A sta~-ion

and the B unit were again tested using the standar -i

single—path setup. No ~ .lfuncticns occurred.

In test  A l E S  the B unit was set up at the location used

for test A lBi . The objective was to observe any change in

the RF l ink  q u a l i t y  using an o r d i n a r y  h a l f w a v e  dip ole  E un i t
antenna . The test had to be interrupted , s ince  n~ shi€l~ in;

had been desi gned fo r  the d ipole  a n t e n n a . The r e s u l t s  of
th i s  e xp e r im e n t  added an o t h e r  va r iab le  to  t h e  p rob l em of B?
link breakdown to those f o u n d  ear l ier .  I t  was  dec ided  to
try another series of experiments using the same B unit

( * 2 3 1 )  w i th a p r e t e s t ed  a n t e n n a  and a n t e n n a  cabies.
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This f i n a l  series of f i e ld  tests was  p e r f o r m e d  at Camp
Roberts Military Reservation. The area actually used is

shown in Figure 25. The overall objective ~as to o bserve
inultipath distortion effects on the  shape  of the r a n g e  pulse
received at the A stat ice or  the B un i t .  E q u i p m e n t
l imi ta t ions  restr icted t h e  observat ions  to e i ther  the A
station or the B unit. Therefore, it was intended after

having ob s erve d th e range pulse distor tions a t the A stat ion
to show w h e t h e r  si milar  distcrt icn s occurred under th e  sane
con ditions at the  B un i t . Addi t io nal ly , the t r a n sm i t t e d
range  pulse f rom the  B uni t to the  A S ta t ion  hz. d tc be
monitored tc show that previously observed distortions were

• no t caused by a malfunctioning B unit . Both experiirental

-: arrangemen ts, AB an d BA , promised valid results , since the

sys tem har dware pr oblems ha d been solve d , thus establishing

a reliable R B  link. -

In experiment A3B2 B unit #237 was located at a r a n g e  of
a p p r o x i m a t e l y  500 meters  against  ro l l ing  hills. For this

dis tance  and  the  A s tat io n a n t e n n a  height abcve the B unit ,

it was expected that the B unit would be within the A

s ta t ion  a n ten n a  main  beam . A f t e r  t he  i n i t i a l i z a t i o n  tes t s ,
range data was collected at various heights and B unit

an tenna configurations as described in secticn IV. T h e  data
is presented in Table F—3.

Shielding the helmet antenna backlotes resulted in

accurate range data and undis tor ted  range  pu lse  w a v e f c r m s .
One t ime of a r r i v a l  error  w a s  observed at 18 inches as sho wn
in F i g u r e  91. The t i m e  d i f f e r e n c e  w i t h  respect to an

accurate  range  pulse , shown in Figur e 92, agreed with the

r a n g e  e r r o r .  S i m i l a r  r e su l t s  were o b t a in e d  w h e n  b lcck ing
the direct path . The gain reduct ion in the fcrward

di rec t ion  w a s  not s u f f i c i e n t  to cause t he  r e f l ec ted  si gnal

153
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to be d o i in an t .  The effe cts of the reflec ted signals being
relatively stronger than in configu:aticn A could be

observed as envelope fluctuations as shown in Figures ‘3  and
9i1 . The leading edges were  not a f f ec t ed .
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Figure S2 — RANGE PULSE DETECTED AT IHE A S T A T I C S
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Figure 93 — R A N G E  P U L S E  DETECTED AT T H .E A S T A T I O N

A NTE N N A C O N F I G U R A T I O N  B— 72 I N C H E S , R A N G E  510 N

_~~ 5~5d~
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Figure 94 — RANGE PULSE DETECTED AT T B E  A S A T I O N
A N T E N N A  C O N F I G U R . ~T I O N  B —36 INCH ES, RANGE 304 M
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When allowing omnidirecti~nal B unit an tenna operation ,
severe mu l t i p a t h  distort ion occurred fo r  a n t e n n a  hei g h t  72
inches. Twc such waveforms are presented in Figures S5 and

96. The distortio ns looked much like those cbtained during

the multipath simulation experiments. Table 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. Figur e 97 is a p i c tu re  cf a sample  range
pulse w i t h  t he  he lmet  an t enna  set to 3ó inches .  I t  was
demcns trate d that the severe fading at antenna height 72
inches d isappeared when the antenna loca tica was changed
slightly within a wavelength.

In exp eriment A3 B3 B unit *237 was located at a range of

approxima tely 4500 meters, against rolling hills. An

au tomob i l e  was located direct ly behin d the  B un i t  at  a
distance of about f i v e  meters  to s imu la t e  the r e f l e c t i n g
surface of a tank.  The  results  of th is  test are  g iven  in
Table F—4.

With  the helmet an tenna  in c o n f i g u r a t i o n  A , signal
w a v e f o r m  d is tor t ion and no response messages  were  observe d
at an antenna height of 18 inches. This result was not

clearly understood, althoug h it could be related to

ref lec ted  signals  caused by m u lt ip a t i~ p ropaga t ion  w i t h i n  t he
relatively broad main bea m of this configuration. Obviously

data d istor t ion  occurred in some cases , such t h a t  no
response messages were  g e n e r a t e d  by the A s ta t ion.  F igure
98 shows a heavily distorted range pulse , where the leading

edge seeied to be preserved , whereas the rest of the signal

was significantly reduced in amplitude . Antenna

configuration B resulted in good range pulse returns and

accurate range readings.
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When the direct and reflected paths were combined with

configuraticn C, severe signal fading occurred. Figure 99

shows a distorte d 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 pulse s, thus the no 5 responses. Tests  B 1A3 and  E2A3
showe d later , that B unit *237 was operating to

specifications, therefore , these results were not th~ result
of a f a i l i ng  B un i t .  Usin g a d i f f e r e n t  B u n i t  f o r  th i s
antenna configuration produced similar results. Figure 100

shows a received range pulse from B unit *305. Comparing

the constant IF leakage level to that or F i g u r e  101 , it can
be see n , t h a t  t he  signal s t rength  was ve ry  low.  In t~~
la t ter  case , the data  pulses were  accepted by the  A s t a t i o n 1
whereas it probanly ranged on a noise spike occurring prior

to the low signal level range pulse. The short range

results are shown in Table F—5.

To o btain ev en more ran ge pulse distor ticn , B unit *237

was moved in antenna configuration C—72 inches tc ar . c ’h e r
location until severe range pulse distortica was observed.

Table F—6 presents the results . It was foun d that range

pulse distortion resulting in wild ranges could be ctserved

for  all a n t e n n a  c o n f i g u r a t i o n s  at 72 inches.  For lower
eleva tions , signal fad ing caused a cons tan t  ‘no B r e sponse ’
resul t .  Two d is tor ted signal w a v e f o r m s  are  shown in F igures
102 and 103.
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Figure  95 — R A N G E  P U L S E  DETECTED AT T H E  A S T A T I O N
ANTENNA CONFIGURATION C—72 INCHES , RANGE L~2 ~1

F i g u r e  96 — R A N G E  P U L S  DETECTED AT T E E  A S T A T I O 1~
ANTENNA CONFIG (JBATION C—72 INCH ES, R A N G E  20 14 14 ~1
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Figure  97 — RANGE PULSE DETECTED AT TEE A STATION

ANTENNA CONFIGURATION C—36 INCHES , RANGE 5014 M
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F i g u r e  98 — R A N G E  P U L S E  DETECTED AT T H E  A S T A T I C S
A N T E N N A  C O N F I G U R A T I O N  A — 1 8 IN CHES , B A N G E  14 270  N
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F i g ur e  59 — R A N G E  P U L S E  D E T E C T ED Al’  T H E  A S T A T I O N
A N T ENNA CONFIGURATION C—72 INCHES , NO ~ES?ONSE
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F i g u re  100 — R A N G E  P U L S E  D E T E C T E D  AT ‘ IHE A S T A T I C N

A N T E N N A  C O N F I G U R A T I O N  C—72 IN C S E S , R A N G E  352 ~

F i g u r e  101 — RANGE PULSE DETECTED AT THF ?~ STATI CN

A N T E N N A  CON FIGURATION A—36 INCHES , R A N G E  14~~50 ~
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Figure 102 — RANGE PULSE DETECTED AT THE A STA ’rICN

A N T E N N A  C O N F I G U R A T I O N  C — 7 2  I N C H E S , R A N G E  84 6  ~

I,

S

Figure 103 — R A N G E  P U L S E  DET E CTED AT T~~E A S T A T I C N
AN TE NNA CONFIG URA rION A— 72 INCHES , RANGE 1022 ~
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Field test B1A 3 resembles test A3B2 with B unit *237
being located about 500 meters awa y from the A s t a t i o n .  The
data that was obtained is shown in Table E—7. No range

errors were observed at any of the antenna configurations

inclu ding configuration C— 72 inches, w here range errors had
cccurred in test A3B2 . However no attempts were made to

move the helmet antenna into a position to cause - fading.

The ra d io communic ation link betw een opera tors ha d bro ken
dcwn , so there was no way for the B unit opera tor to know
that moves should be made.

It coul d b e clearly s h own , that B unit *237 transaiitted

a c~5ean r a n g e  pulse at the  specif ied p o w e r  level and t h a t  no
mul t  path  f a d i n g  occurred  at the  B un i t  l o c at i o n .  This
agreed w i t h  the theore t ica l  a s sumpt ion  t h a t  for  non  ~lan a :
r e f l ec to r s  ~u lt ip a t h  p r o p a g a t i o n  f r o m  A to B is a
n c n r e c i p r c c al  p h e n o m e n u r n . F igures  1014 and 105 sh o w  a
typ ica l  r a n g e  pulse  received at and t r a n sm i t t e d  by  t h e  B
u n i t .  Th e r e f o r e , t h e  observed  r a n g e  p u l s e  d i s t o r t i o n  in
test A3B2 c o u l d  be c lear ly  r e l a t ed  to m u l t i p a t h  f a d i r g  at
t he  A s t a t i on  a n t e n n a .

Field tes t  B2A 3 resembled  tes t  A 3B L I w i t h  B u n i t  *237
located a b o u t  14500 me te r s  a w a y  f r o m  t h e  A s t a t i o n .  T h e  da ta
ob t a i n e d  is s h o w n  in Tabl e F — 8 .  In  a g r e e m e n t  wi th  t e s t  A334
shor t  r anges  of respons e messages w e r e  cb t a in ed  f c r  all
a n t e n n a  c o n f i g u r a t ions .  It  was assumed t h a t  s i m i l a r  r a n g e
pulse  d i s to r t i on  occurred at the A s tat i cr  as o b s e r v e d  in
test A3 B14 . The received r ange  pul se s as wel l  as  those
t r a n s m i t t e d  by the  B unit  were  n e v e r  si ;r . i t i c a n tly
d i s to r ted .  Typica l  t r an ~ n i t t ed  and r ece ived  r a n g e  pulses
a re  s h o w n  in F i g u r e s  1~i6 and 107 . As p c in t e d  ou t  in t h e
resu l t s  of test B 1A3 , no c r i t ica l  mu l t ip a th  di s t c r-t ion
cccurred at the  B un i t , w h i c h  operated ~ith ir  specif i ca tions
f o r  ove r f i v e  hours  in the  f i e l d .
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F igu re  10L — B U N I T  T R A N S M I T T E D  R A N G E  PULS E
ANTENNA CONFIGURATION C—72 INCEES 

Figure 105 — RANGE PULSE DETECTED AT T H E  B U N I T

ANTENNA CONFIGURATI ON C—72 INCHES
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F i g u r e  106 — B U N I T  T~ A N S N I T T E D R A N G E  PULSE
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F i g u r e  107 — RANGE PULSE DETECTED A~ THE B UNIT

ANTENNA CONFIGURAT ION C—72 I N C H E S
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APP E N D I X  G

A STATION/B UN IT T E N P E R A T U R E  T E S T S

~ ~~~~~~~ 
itivit! ~~~~

It had becom e apparent  d u r i n g  the RMS r e l i a b i l i t y  f i e l d
tests tha t  B un i t s  which  had  w o r k e d  p r o p e r l y  a t  room
temperature degraded in receiver sensitivity rapidly at

higher field temperatures. This decay in receiver

sensitivity shortened the usable interrcgation range

drastically. The objective of these experiments was to

s im u l a t e  a h i g h  a m b i e n t  t e m p e r a t u r e  e n v i r o n m e n t  f o r  the  3
unit and test its performance against that at room

t e m p e r a t u r e .

The experimen tal procedure consisted cf three nhases.

Firs t  the  B un i t  was c o n t i n u o u s l y  i n t e r r o g a t e d  in t h e  R a n g e
mo de for about one hour at rocw temperature. Th~~n , th~ S -:
un i t  was pu t  into a h igh  amb ien t  t e m p e r a t u r e  b ox .  Th e r e  it
was again continuously interrogated in the Range mod e for

almos t an hour or until it failed to res~ cn d. Firall 7,
a f t e r  t h e  B u n i t  had  c o m p l e t e l y  cooled o f f , phase  o n e  rr 1d
phase  t w c  of the  test  w e r e  repea ted  f o r  n e c o v e ry  check .
2~ riodicaliy during each phase of the test the fcilcwing

characteristics were recorded.

— Rco m t e m p e r a t u r e  ( R o o m )
— Case tem perature of t h e  B uni t (Case)
— Ambient temperature of chamner (Chamber)
— M a x i m u m  p a t h  a t t e n u a t i o n  with s t eady  re~~ on se ( E i g h )
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— Minimum path attenuation above receiver

sa tura tion (Low )
— B un i t  average  power out (B )
— A s ta t ion a v e r a g e  p o w e r  out (A)

The e x p e r i m e n t a l  se tup was the same as th a t  used f c r  the
single pa th  tests. In addi t ion , a tempera ture control and

measurement arrangement was used as s h o w n  in F igure .  108.
Two B units (*s 267 and 305) were tested. The results are

tabulate d in Tabl es G— 1 through G—4. B unit 305 was tested

cnly  at r oom tempe r a t u r e  s ince it had not r e ccve red  f r o m  a
p rev ious  f a i l u r e  in the  f i e l d .
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It was assumed , tha t  sensit ivi ty d e g r a d a t i on  at  h igher
t e mp e r a t u r e s  could have  been cause d by RF c a r r i e r  center
frequency shifting in the A station and/or B unit. The

objective of these tests was to determine whether any BY

carrier center frequency was in fact drifting at higher

operating temperatures. The experimental setup is shcwn in

Figure 109.

I 

The A s ta t ion or B un i t  was p u t  i n t c  a con t ro l l ab l e
am bient temperatur e chamber. The RF output signal was fed

through a 20 dB loss dual directional coupler into the
7L13/TR 502 Tektroni x Spectrum Analyser. The analyser had a

specified 1 KHz to 1800 MHz range and a 2 KH2 frequency

stabi l i ty  over  a one hour perio d a f te r  a t w o  hour  w a r m  up
period. B e f o r e  and af ter  each e x p e r i m e n t  the a l i g n m e n t  of
the  ana lyser  was checked agains t  a s table  s igna l  source  at
918 11Hz.  The analyse r showed no obser vab le  i n t e r n a l
cscillatcr drift.

The displayed A station or B unit f r e q u e n c y  s p e c t r u m  was
observed over a four hcur continuous Range mode pericd of

cpera tion. The ambient temperature was increased during

this time period from roo m temperature tc 480C. Ihe

results are shown in Figures 110 to 116. rhe digital
readout on the CRT displayed the following quantities:

Top lef t  to r ight :  In p u t  RY a t t e n u a t i o n
Center frequency

Resolution
bo t to m l e f t  to right: Vertical scale in dB ~er d iv i si cn

Horizontal scale in KHz per division

No spectral analysis was done in this experiment since only

the center frequency was to be observed.
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F i g u r e  110 — A STATION F R E Q U E N C Y  SP~~CTRtfl1
AETER 5 MINUTES OF OPERATION AT 23°C
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F i g u r e  111 — A S T A T I C N  F R E Q U E N C Y  S P E C T R U M
AF TER 2 HOURS OF O P E R A T I O N  UP TC 33°C
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4 f i g u re  112 — A S T A T I O N  F R E Q U E N C Y  S P E C T R U M

A E T E R  ‘4 H O U R S  OF O P E R A T I ON U P T C L4~~°C
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Yigure 113 — O U T P U T  SPECTRU M B U N I I  305

AF T ER 5 MINUTES OF O P E R A T I O N  AT 23°C

F i g u r e  11U — OUTPUT SPECTRUM H U N I T  305 -

-

AFTER 4 HOURS OF OPERATION UP TO 48°C
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Figure 115 — OUTPUT SPECT R WI B U N I T  267

A F T E R  5 M :N tJTES OF O P E R A T I O N  AT 2 3 °C

F i g u r e  116 — OUTPUT SPECTRUM H UNIT 267

AFTER 4 HOURS OF OPERATION UP TO 48°C

185

H

~

-

~

S

~

-S

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~~~~

5 - --
~~~~~~~~~~~~~~~~~~~~~~ — • --- -5 - 5-~~~~—-- - -  ~~~~~ -~~~~~-~~~~- 

- •



— 
~~~~~~~~~~~~~~~~~ 5;~~~~~-5-5-

- 

A P P E NDIX H

ALIGNMENT INVESTIGATIONS AT F H L / ? D M  *

The l a b o r a t o r y  expe r iment s  i n i t i a l l y  ccn ducted  and  t he
temperature sensitivity tests described in Appendix G , had

shown that all B un i t s  a l i g n e d  by m a i n t e n a n c e  per sonnel  at
F t .  H u n t e r  Ligget t  worked s a t i s f ac to r i ly  on ly  at low or room

S t e mp e r a t u r e s .  It wa s  t h e r e f o r e  decided tc c om p a r e  the  B
uni t  checkou t  procedur e ~ised  in single p a t h  ex p e r im e n t s  w i t h
tha t  emp loyed  at the  m a i n t e n a n c e  f a c i l i t y  at F t .  Hunte r
L iqge tt .  Moreover  it had become appa ren t , that  m u l t i p a t h
propa gat ion phenomena could only be observe d w ith a reliable
A to B R F  l i c k .

The test procedure  is s h o w n  schemat ica l ly  in F i g u r e  117.
F o u r  ~ u n i t s  were ava i lable  (*s 213 , 267 , 2 3 ? , 305) . Cnly B
u n i t  213 wcrk ed  s a t i s f ac to r i l y  at roc m t e m p er a t u r e . If ter
failing the high t e m p e r a t u r e  test it was rea ligned in  the

same m a n n e r  as H un i t s  267 , 237 and 3C5 , w h ich d id not
operate  p r o p e r l y  over  the specif ied s& ns i t i v i t y  r a n g e .  The
test s e t u p  used by  m a int enance  p e r s o n n e l  at F t .  E u n t er
L igget t  is shown in F igure  118. The B u n i t  was d i r ec t l y
i n t e r r o g a t e d  by t he  test C s tat ion a n d  then a l i gr e d  as
described in ref. 2. This test setup was then modified to

that sh cw n in Figure 119 which resembled the single pa th B
uni t  checkou t  se tup  used in Appendix  C. A E un i t  w h i c b  was
first aligned directly to a C station , faile i to respcnd to

an A s t a t ion , whic h in t u r n  was i n t e r r o g a t e d  by th~ C
s ta t ion.  A f t e r  the B u n i t  was rea l igned to the A s t a t i o n ,
the  low and hi gh t e m p e r a t u r e  t es t s  wer e r epe~~t ed.
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If the unit worked over the specified sensitivity range i-n

- was taken out for the next field experimen ts.
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SENSIT . TEST (APPDXG ’ )

YES HIGH TEMP
IT WflPK SENSIT. TEST (APPDX 

~~
-)

NO

(FIG 118) REALIGN NO
C— ~~B UNIT WORKS

YES

FIELD
REA L IGN

(FIG 1I9)
C —. A -+B

ROOM TE~-1P
SENSIT. TEST (APPDXG)

_1

~

_
HIGH TEMP
SENSIT. TEST (APPDX G )

MA TNTA NAM CE 
NO~~~~~~~~~~~~~~~~YES 

~ FIELD

Firur e 117 — ALIGNMENT TEST PROC~ LURE
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c - STATION

2 5 D B
ATTN

lo DB PO WER
DIV IDER

25 DB 25 DB
ATTN - 

25 DB - ATTN
ATTN

VAR VAR VAR

ATTN A TTN ATTN

NOT USED B - UNIT NOT USED

F i g u r e  118 — FOR f~ER H UNIT CHECKOUT SETUP

189

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

-



- - 5  ~~~S 5~~~~~~~~~~~~-~-S~-S-- - 5

C - STATION 
*

25 DB
ATTN

1O DB POWER

- 

DIVIDE R

25
ATTN I / 25 DB

J (- 2 5 DB 1 ATTN
ATTN

VAR VAR VAR
ATTN ATTN ATTN

[A
3TA TION ~ [B_UNIT 

] 

NOT USED

Figure 119 — B UNIT C H E C K O U T  S E T U P
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