
MEMORANDUM 

To: William E. Holden 

From: Bruce E Walters 

Date: 30 August 1985 

cc: Art O'Connor 
Larry Schick 

Subject: Platoon Early Warning System 
Report of Test and Evaluation 9860-0003 

Due to the recent upsurge in marketing interest in the 
Platoon Early Warning System CPEWS), more attention has been 
drawn to the system's performance. You, Art, and I set up 
the testing and evaluation program for marketing, in order to 
help in determining whether or not the PEWS can become a 
viable product. You assigned me the task of testing the PEWS 
and assisting Art O'Connor in the evaluation of the system. 

I have now completed the testing and collaborated on the 
analysis of the PEWS. In addition, Art and I believe we have 
defined the fundamental problem of the PEWS: lack of 
uniformity of detector performance. By analyzing test 
results and collecting data we hypothesized that by replacing 
a specific resistor in the AGC section, we could sol v e the 
uniformity problem. This hypothesis was v a lidated by a n 
e xperimental replacement and test program. We have not yet 
addressed the other , lass impcrtant problems of the PEWS. 
These are proposed as follo~-on investigations. 

This report presents the procedure we used to e valuate , 
hypothesize and prove the solution to the detector 
performance problem. Alsc, thls report suggests other 
programs which would augment the system from both performance 
and marketing standpoints. 

I am confident the PEWS can be made into a salable item. 
In fact , I believ e that the system can perform better than it 
does at present, but its other problems need to be e valuated 
in order to do so. It is a l so possible that many low-cost 
user options can be added to the current system. These would 
make PEWS more attracti ve to potential customers. 
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EXECUTIUE SUMMARY 

Because of the difficulties encountered with the Platoon 
Earl~ Warning S~stem CPEWS) due to the lack of repeatable 
detector performance, the question of whether or not to 
continue with the s~stem in the ISC Technologies product line 
has been raised. The difficulties made evident in field 
tests and demonstrations are in s~stem perfcrmance. The 
s~stems seem to be erratic. Among the noted problems are 
target detection, target classification, and false alarm 
rate. 

The fundamental problem was that the ten detectors of 
an~ given s~stem failed to perform in a similar manner. Some 
detectors worked well, others in a mediocre manner, and a few 
never indicatea an intrusion. If this problem could be 
corrected , then the s~stem wculd stand a ver~ good chance of 
becoming a viable product. If this problem could not be 
sol ved, then the s~stem might never function properl~ or 
predicatabl~. 

The results of special ized tests and other information 
were tabulated and investigated. A h~pothesis was drawn, 
based on the collected data and a detector circuit 
examination. The detectors were modified with respect to the 
h~pothesis. Tests identica l to the previous ones were 
performed in order to validate the h~pothesis. The modified 
detector tests upheld the h~pothesis and the conclusion was 
reached. The detector simi larit~ problem could be solved b~ 
a simple mcdification. 

The modification involved replacing a resistor whose 
value was selected b~ test with one which had a fixed value. 
This modification will eliminate a step in the production of 
the detector; while adding no cost to the s~stem. 
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INTRODUCTION 

1.0 INTRODUCTION 

1.1 Purpose 

The purpose of this report is to convey the results of 
the detector consistency portion of the PEWS development 
program. As detector performance was identified as the most 
frequent cause for PEWS problems, this development program 
was conducted to aid in determining whether or not to pursue 
the system as a salable item. 

1.2 History 

The Platoon Early Warning System CPEWS) is a portable 
intrusion detection system designed for use by small military 
units, such as platoons, squads, and patrols. PEWS covers a 
broad range of applications from offensive to defensive in 
nature. Other employment may be as part of a fixed security 
system. 

The Platoon Early Warning Device was conceived as a U.S. 
Army requirement in 1968. The system was red~signated PEWS, 
in 1972. The original engineering of the system was 
performed by the Delco Division of General Motors 
Corporation. 

ISC's involvement with PEWS began in 1978, when ISC won 
the U.S. Government production contract. The system was 
redesigned under U.S. Government authority to facilitate 
automatic insertion of components and automatic board 
testing, which provided for more efficient production. 
Many other quality improvements were also made in the PEWS 
CAppendix !). 

In 1983, ISC Defense Systems began PEWS production. 
To date, over ~000 systems have been sold and delivered to 
the U.S. Army, and the U.S. Air Force. A small number of 
systems has also been sold abroad (Appendix J), 

Field tests and demonstrations have been performed 
worldwide. During the first demonstrations of the PEWS, 
system performance problems were discovered. ·The problems 
identified were: 1)in most instances, the system did not 
indicate targets at a distance of ten meters Cper system 
specification) if it detected anything at all; 2)in some 
cases, the system did nat properly classify intrusions; 
3)false alarms were too numerous. A few field tests, 
specifically designed so that the results would be suitable 
for analysis, have been conducted. These are listed in 
Appendix L. 
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DISCUSSION 

2.0 DISCUSSION 

2.1 Prior Testing and Observations 

Observations for this program began in August of 198~, 
when field tests were perrormed to help familiarize marketing 
personnel with the PEWS. These tests involved George Stickle, 
Art O'Connor, and the writer. The tests were conducted on the 
field that is now the ISS Derense S~stems parking lot. In the 
course of the testing, one problem in particular was noted: 
each detector performed different!~, with one or two detectors 
that performed well, others in a mediocre manner, and others 
that never gave an indication or detection. A classirication 
problem was also noted; personnel walking pas~ the detectors 
were classified as vehicles, and distant vehicles were 
classified as personnel. 

During these tests, the participants took turns walking 
past the detectors, which were placed on the ground next to one 
another. At first, wind noise C possibl~ gusts striking the 
detector bod~ or vibrating the antenna) was postulated as the 
problem. In an attempt to shield the detectors rrom the wind, 
a bo x was placed over each detector. Still, all the detectors 
performed dirrerentl~. However, the~ were individual!~ 
consistent. Detectors that perro~med well continued to do so; 
detectors that perrormed in a mediocre manner continued to do 
so; and the same few "silent" detectors continued to ignore 
targets. 

Soil conditions were then postulated as the problem. 
A new test site was carefull~ chosen. The new site was 
formerl~ a strip mine, with a solid base and a surface of 
settled top soil. Located on the top or a hill in Lancaster 
Count~ Park, it is surrounded b~ distant trees and isolated 
from most conceivable rorms or seismic noise. 

The detectors were placed in a long trench and enveloped 
with soil CFigure 2.1 ) . Care was taken to ensure that all of 
the detectors were equall~ emplaced. A number of tests were 
performed unde~ similar weather conditions and using the same 
person as a target (Appendices J and K) . The detectors were 
placed in a different order each time, to avoid the possibilit~ 
of seismic channeling allowing some detectors to receive the 
seismic wave while preventing the others. 

The results of this testing program were similar to the 
first test. Some of the detectors alwa~s worked and some never 
worked. 

PEWS rev B BEW 30 August 1985 page 2 



DI SC USS I ON 

figure 2.1 field Test S i te : Lancaster County Park 

PEWS OetectoL Emplacement 

PEWS Detect~L Emplaceme nt 
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DISCUSSION 

2.2 Analysis and Definition of the Problem 

All of the test results were tabulated and anal~zed. 
Immediate field fixes and detector ground position had no 
impact on s~stem performance. In fact, an~ solution conceived 
up to this point had failed to show that the s~stem could 
perform as it is described in various government documents. 
The new findings were compared with the groundwork and 
conclusions of testing and anal~sis performed b~ A. Stagg, 
J. Hooper, and C. Opitz. The algorithm used for s~stem 
operation was well supported b~ the seismic model described in 
a series of memos CC. Opitz, 1981). In theor~, and on paper, 
the indications were that the s~stem should work. 

It was postulated that the problem was with the 
electronics, not the local test conditions. All of the testing 
and anal~sis had been performed under the assumption that the 
s~stem functioned as described in various gov ernment documents. 
If, however, the s~stem did not respond consistent!~ to 
apparentl~ consistent input, then there was reason to suspect 
that something was wrong with the PEWS s~stem. Obviousl~, the 
s~stem electronics were at fault. 

The two electronic devices in the s~stem are the detector 
and the receiver. The receiver accepts data from the detector 
and displa~s the intrusion information. No intrusion 
processing is performed in the receiver. The receiver seemed 
to be functioning properl~. The detectors, however, collect 
input from the sensors and perform all of the intrusion 
processing. Field test results showed that targets were not 
treated the same b~ all detectors. A few unique detectors 
alwa~s recognized the targets, certain others detected targets 
some of the time, and a few never idicated an intrusion. 
Given the same input, the detectors were respond1ng 
differentl~. Swapping detector locations did not change the 
results. Given the same input, the detectors were responding 
different!~. The problem was defined, then, as detector 
performance similarit~. If the detectors could be made to 
perform in the same manner, then the s~stem could be e xpected 
to operate as described b~ the specifications . As it was, the 
s~stem algorithm could not work because the s~stem electronics 
were not operating correctl~. 

Preparations were made for an investigation of the 
detector circuitr~. After assuring that the proper suppl~ 
voltages were present, and the other obvious functions Coutput 
modes) were intact, anal~ses began with the geophone. 
The geophones are the ver~ first step through the detector 
circuitr~; however, the~ were not e xpected to be the source of 
the problem. Each detector was opened, but left assembled so 
as not to disturb the effects of the case on the geophone. 
The detecto~ unde~ test was placed on a foam-covered granite 
gage block , which was supported b~ a rubber- wheeled table. 
All connecting cables and wires were run under the gage block. 
These precautions isolated the detector from seismic noise. 
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DISCUSSION 

A pulse generator was constructed to provide a 5-volt, variable 
dut~ c~cle, square-wave pulse. The test equipment was 
configured as in Figure 2.2. A square-wave , from the function 
generator, was used to trigger the pulse generator. A pulse, 
one millisecond in duration, was fed to the geophone through an 
attenuator. The geophone response was monitored b~ a digital 
oscilloscope. This response Cto the pulse) was then processed 
Cusing functions on the digital oscilloscope ) to determine the 
frequenc~ response of the geophone. 
The response of all of the geophones was similar, both in 
signal level and frequenc~-related properties. The geophones 
were working exactl~ as expected; therefore, the geophones 
could be eliminated from suspicion. 

Next, the schematic f8r the geophone amplifier section was 
carefull~ studied. The equipment was configured as in Figure 
2.3. The geophones were disconnected and a resistor C330 Ohm) 
was installed in each of their places. These load resistors 
emulated geophones that were free of frequenc~ coloration. 
Again, the function generator provided the triggering 
square-wave for the pulse generator. The one millisecond pulse 
was fed to the amplifier through an attenuator. The response 
of each seismic amplifier at an~ given Automatic Gain Control 
CAGC) voltage was different from any other seismic amplifier. 

Further investigation showed that the onl~ physical 
difference between the detector amplifiers was a resistor in 
the AGC loop. This resistor, selected at test during 
manufacturing calibration, became the focus of our 
investigation. The resistor in question affects the gain of 
the AGC amplifier. The gain should be the same for each 
detector. If the gain is not the same for each detector, then 
each detector will perform differently from any other. 
Changing the value of this resistor has no desirable effects on 
detector circuit performance. All of the detectors should have 
the same value for this resistor. The resistor value should be 
chosen so that the AGC amplifier exhibits a gain that is usable 
under realistic operating conditions. 

The circuits were modified to allow control of the AGC 
voltage. This simpl~ b~passed the se=tion of the AGC amplifier 
that is affected by the resistor. Again, the geophone 
amplifier sections were subjected to the pulse, but with a 
precisely controlled AGC voltage. The response of each 
detector then closely resembled that of the others. Bench 
tests were performed at various AGC voltage levels. 
At each level, the detectors operated similarly. 
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DISCUSSION 

2.3 Solution 

The hypothesis was deduced. If the value of the 
"select at test" resistor were made the same for each detector, 
then all of the detectors should perform similarly. 
The solution was to choose a fixed resistor value to replace 
the "select at test" resistor value. In trying to arrive at 
a suitable resistor value, a pattern was noted. The detectors 
that operated well had similar values for this resistor. 
Logically then, the value chosen should be close to the value 
found in these detectors. The value chosen was 
2 megohms. 

2.~ Ualidaticn 

In order to validate the modification, tests were 
performed again at Lancaster County Park, exactly as des6ribed 
in section 2.1. The detectors were placed in a long trench and 
_enveloped with soil. Care was taken to ensure that all of the 
detectors were equally emplaced. A number of tests were 
performed under s imil ar weather conditions and using the same 
person as a target CAppendices J and K). The detectors were 
placed in a different order each time, to avoid the possibility 
of seismic channeling allowing same detectors to receive the 
pressure wave and preventing others from receiving it. 

The results of this testing program revealed a dramatic 
improvement a ver the intial tests. All of the detectors 
performed well, mast of them far beyond the specification. 
The seismic channeling problem, however, did appear to be real. 
Any detector placed in one of two positions in the emplacement 
would not detect a target beyond twenty to thirty meters. 
The detectors that did net function well at these two positions 
did, however, · work very well elsewhere in the emplacement. 
All of the detectors worked all of the time for targets at a 
range of ten meters. PEWS assumes that the wave propagation is 
consistent. In reality, this may not be the case due to buried 
objects, zones of different materials, variable compaction of 
materials, rock formations, and other elements that play an the 
seismic wave model. 

Appendix N is a description cf the theoretical circuit 
analysis. This analysis verifies that the demonstrated 
solution is sound. 
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CONCLUSIONS AND RECOMENDATIONS 

3.0 CONCLUSIONS AND RECOMMENDATIONS 

3.1 Conclusions 

3.1.1 Ramification of the Solution 

Test data confirm that the modification is effective in 
providing detector performance similarity. In addition to 
detector similar i ty, the modification also results in greater 
detection range. Under opt~mum conditions, detections were 
consistent at a range of 50 meters, which is fi v e times the 
system requirement. No negative effects have become evident. 

3.1.2 Discussion of Other Problems 

Now that the fundamental problem of detector similarity 
has been sol ved, we can cnce again turn our attention to the 
other problems with system performance. These problems 
include target class i fication and false alarm rate, detector 
jamming, and detector sensitivity. 

The next problem to be tackled is target classification. 
This is the most common complaint by field users; however, it 
could not ce attacked until the detectors performed 
similarly. The problem is defined as the system ' s inability 
to distinguish cetween personnel and vehicles. This problem 
is made evident dur1ng every field test. 

False alarm rate is second mcst common cr i ticism . 
The specification f~r the PEWS false alarm ~ate i s one false 
alarm per 2~ hours of constant operation. At present , the 
system's false alarm rate is usually much higher. 
The solution to the classification problem may also help to 
solve the false alarm rate problem. 

It has aiso been noted that the detectors are eas i ly 
jammed by background noise, and thus rende~ed inoperat i ve. 
This may ha v e been a symptom of the detector similarity 
problem as none of the modified detectors ha~ e xhibited this, 
even in a rainstorm. 

Running or crawling personnel and personnel on bicycles 
are frequently not detected. This is due t~ a shortcom i ng of 
the detecticn algorithm. While it is reasonable to e xpect 
that the PEWS can be m~dified t~ detect runn i ng personnel, 
cycling or crawling personnel may ne ver be detected by this 
system. This is because high sensiti v ity is traded off 
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CONCLUSIONS AND RECOMENDATIONS 

against lowering the false alarm rate. The detectors, as 
they are now designed, could be made to identify creeping 
personnel, but the false alarm rate would be excessively 
high. Cycling personnel may be detected if the magnetometer 
is used in conjunction with an external sensor. 

The possibilities for the solutions to these problems 
include changes in the AGC time constant, the footstep 
counter, and the detector logic. The solutions may be 
complex; it is therefore difficult to estimate the time 
required to find them. 

3.2 Recommendations 

The PEWS, as presently modified, is a working security 
system. The classification and false alarm rate problems may 
or may not need to be considered in the PEWS marketing 
decision. If not, then the PEWS is ready. If these problems 
may have an impact on marketing, then perhaps more testing 
and analysis are in order. The solutions may be complex, 
therefore, it is difficult to estimate the time required to 
find them. 

An option development program is suggested to run 
coincident with the problem-solving program. This would make 
the most efficient use of available time and funding. 
The testing program would seek the solutions to the system 
performance problems, stated above. The development program 
would define and possibly incorporate user options, as well 
as identify new applications fer the PEWS. Some of the 
suggested options include: 

1) Better strain relief for headset cable Cheatshrink ) 
2) Improve detector antenna Cspring-base to avoid breakage) 
3) Add-on power units for the detectors Cto e x tend time 

of operation) 
~) Additional sensor option Cprcvide a means of using any 

of a variety of standard sensors in addition to those 
currently utilized by the detector ) 

5) Auxiliary audio amplifier for external loudspeaker 
6) Auxiliary display for the receiver Cto enable v iewing of 

multiple detections) 
7) A higher power or repeater option Cfcr greater distance 

between detectors and receiver. 
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CONCLUSIONS AND RECOMENDATIONS 

A new name for the PEWS should be chosen. The new name 
will establish the system as an ISC product, as opposed to a 
U.S. Army device obtainable through the U.S. Government. 
It must be fecognized however, that the "AN" nomenclature 
will no longer be available. The "new'' system should be 
described and marketed as "ruggedized". Commercial 
grade-components can be used in place of military grade 
devices with little or no performance degradation, allowing 
less expensive manufacturing. 
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Aooendix A Military Nomenclature for PEWS 

The following is a listing of Army identification numbers for 
PEWS. This .U.S. Army approved nomenclature 
CBialo-DRCPM-RBS-L) is dated, by letter, 6 Feb. 1979. 

Approved Nomenclature 

Platoon Early Warning Systems 
AN/TRS-2CU)1 

Platoon Early Warning Systems 
AN/TRS-2CU)1 

Platoon Early Warning Systems 
AN/TRS-2CU)1 

Platoon Early Warning Systems 
AN/TRS-2CU)1 

Platoon Early Warning Systems 
AN/TRS-2CU)1 

Platoon Early Warning Systems 
AN/TRS-2CU)1 

Case, Platoon Early Warning System, 
CY-752"±/TRS-2CU) 

Sensor Interface, Wire Link 
MX-9738/TRS92CU) 

Test Set, Receiver 
TS-3565/TRS-2CU) 

Gov't 
DWG. NO. 

DL-C5001250 

DL-C5001250 

DL-C5001250 

DL-C5001250 

DL-C5001250 

DL-C5001250 

NATICK 
2-2-"±1"± &15 

SM-D-7831"±5 

SM-D-783"±51 
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Assigned 
Frequency 

139.100 MHZ 

139.250 MHz 

1"±1.100 MHz 

1"±8.925 MHz 

1"±9.600 MHz 

150.600 MHz 

N/A 

N/ A 

N/A 
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Appendix C Description of PEWS 

f:gure ~.3.1 PEWS SYSTEM 

f1gure ~.3.2 PEWS Dete=~or 

F:g~~e ~.3.3 P~ws Receive~ 

PEWS ~ev 8 ~EW 3C August l98S page C-2 



Aooendix p History of PEWS 

The requirement for a platoon early warning system was 
long standing, according to various government publications. 
The requirement was officially stated in a 1968 Combat 
Development Center CCDC) letter CCDCMR, 25 Nov 68) "subject : 
Department of the Army Approved Small Development Requirement 
for Platoon Early Warning Device CPEWDJ". The requirement 
was defined as "a simple, commpact, lightweight, early 
warning device utilizing a control unit and sensors capable 
of detecting the movements of objects on the surface of the 
earth and/or other sensors not limited to line of 
site" C sic)'"' C U ~ S~_!!'lld __ ]_!'l f~!'ltry__ Schoo ~ !"{andou~ E:_oi_PEWS, Ma\:;j 
1981, pg 6). The system was redesignated Platoon Earl\:;j 
Warning S\:;jstem CPEWS) as a result of an In-Process Review 
CIPRl conducted on 11 Aug 72, which also approved the 
Coordinate Test Program CCTPJ for PEWS. 

PEWS development work was performed by the Delco 
Division of General Motors Corporation for the United States 
Arm\:;j Electronics Command at Fort Monmouth. The PEWS was 
designed to meet the development standards set forth b\:;j the 
U.S. Arm\:;j Electronics Command Development Discription, human 
factor specifications, and cost specifications (design unit 
to cost $1,206.1~ U.S. 197~ Dollars). PEWS must satisfy the 
requirements of the 1977 Development Acceptance CD EUA) I PR 
and must meet the requirements for a Small Unit Package 
CSUP). These are the U.S. Armld requirements for PEWS . 

The Human Engineering and Design Evaluation CHEDE l Model 
Review was held at Fort Monmouth and designated changes were 
made to the detector and recei ver control sw i tches. The 
design was completed and frozen in November of 1 97~. 

Prototypes were built and reliability tests were performed 
from May until July of 1975. The tests revealed the 
following; 1) Detector Failure : Due to i nsuffic i ent internal 
lead spacing in the 2N5086 PNP transistor which allowed 
ionization to form a conducting path, shorti n g the collector 
to the emitter. 2) Recei ver Failure: Due to threshold 
drifting with operating time in the SCL~030AE I n tegrated 
Circuit. Both Components were replaced, as a batch, and the 
testing was reperformed. Re-testing occured frcm Aug. unt il 
Sept. of 1975 and proved successful. 

In 1978, government field testing of protot\:;jpe un i ts was 
performed at; Fort Huachuca, Arizona; Fort Devens, 
Massachusetts; Fort Bragg, North Carolina ; Fort Greel\:;j, 
Alaska. Deficiencies were found in detection, 
classification, false alarm rate, durabilit\:;j, leakage, 
fungus, and p u b l i c at i ons_ 
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Appendix D History of PEWS 

In 1978, ISC won the contract to produce t he PEWS. 
A redesign was performed to facilitate automat i c i nsertion 
and automatic testing for production. Serious flaws were 
discovered in the cases of the receiver and detector, and 
therefore a system redesign was performed in order to improve 
the cases. Changing the case design demanded changing the · 
printed circuit boards as well. For a list of the changes 
incured, see Appendi x I. In order to support the world 
market, ISC began looking for a partner to produce and sel l 
the PEWS overseas . Ferranti U.K. was chosen, and Department 
of State approval was obtained for the license agreement. In 
1983, ISC went into production on the PEWS program. To date, 
aver ~000 systems ha ve been sold to the U.S. Army and the 
U.S. Air Force. A small number of systems have been sold 
abroad. 
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Appendix F Manuals and Related Documents 

PEWS Operation Manuals 

C1) TM-11-5895-10~7-10 
Operator Manual for PEWS AN/TRS-2CU). 

(2) U.S. Army Infantry School Student Handout for PEWS. 

C3) Tactical Employment of the Platoon Early Warning 
System CPEWS), by Thomas U. Roberson, 
31 March 1977, Fort Benning. 

(~) Material Fielding Plan for PEWS, 15 May 1980, 
Fort Monmouth. 

C5) TM-11-5895-10~7-23 

Organizational and Direct Support Maintenance 
Manual for PEWS, 8 September 1980, Headquarters, 
Department of the Army. 

C6) TM 11-5895-10~7-23P 
Organizational and Direct Support Maintenance 
Repair Parts and Special Tools List for PEWS, 
20 October 1980, Headquarters, Department 
of the Army. 

C7) CECOM DMWR 11-5895-10~7 
Depot Maintenance Work Requirement for PEWS, 
31 October 1981, U.S. Army Communications and 
Electronics Command. 

PEWS Development Manuals 

(8) 

(9) 

(10) 

PEWS rev B 

Platoon Early Warning System Engineering Program, 
1976. 

Platoon Early Warning System CPEWS ) Development 
Plan, April 1977, Fort Monmouth. 

Coordinated Test Program CCTP ) for Platoon Early 
War~i~g Device CPEWD), Detectio~ Set AN/TRS-2CU), 
16 Ju~e 1972, Fort Mo~mduth. 
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Apoendix f Manuals and Related Documents 

C11) Coordinated Test Program for the Platoon Early 
Warning System CPEWS) Production and Development 
Phase, March 1977, Fort Monmouth. 

Cl2) Operational Test II of AN/TRS-2, Platoon Early 
Warning System CPEWS) Final Report, 
february 1977, Fort Bragg. 

C13) DT-11 Independent Evaluation Report for the 
Platoon Early Warning System AN/TRS-2, March 1977, 
Aberdeen Proving Ground. 

C1~) Final Report for Initial Production Test of PEWS 
AN/TRS-2)CU) by Arthur Welander 1980. 

PEWS Test Set Manuals 

C15) TM-11-6625-278~-1~ 

Operator / Organization/Direct Support Maintenance 
Manual for T.S. , Receiver TS-3565 / TRS-2CU), 
29 July 1980, Headquarters, Department of the Army. 

C16) TM-11-6625-2725-2~P 

Organizational, Direct Support, and General 
Support Maintenance for Test Set TS-3565 / TRS-2, 
TM 11-6625-278~-2~P, 9 December 1980 , Headquarters, 
Department of the Army. 

C17 ) TM 11-6625-278~-3~P 
Test Set Receiver. 

C18 ) CECDM DMWR 11-5895-278~ 

PEWS rev 8 

Depot Maintenance Work Requirement for Test Set, 
Receiver TS-3565/TRS-2CU), CECDM DMWR 11-5895-278~, 

31 October 1981, US Army Communications and 
Electronics Command. 
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Appendix F Manuals and Related Documents 

MIL-P-~9115ACEL) Military Specification PEWS AN/TRS-2CU), 

MIL-STD-252BCEL) Classification of Uisual and Mechanical 
Defects for Equipment, Electronic, Wired 
and other Devices. 

MIL-STD-~S~D Standard General Requirements for 
Electronic Equipment. 

MIL-C-~5662A Calibration System Requirements. 

DL-SM-7831~0 Detector, Anti-intrusion 
DT-577CU)/TRS-sCU). 

DL-SM-8-783138 Receiver, Radio R-1808CU)/TRS-2CU), 

DL-SM-8-7831~~ Sensor Interface Assy, Wire Link . 

SM-D-78318~ Schematic Diagram, Display A1. 

SM-D-783185 Schematic Diagram, Decoder A2. 

SM-D-783186 

SM-D-783215 

SM-A-783~2~ 

SM-A-783~25 

SM-A-783~26 

SM-A-783~38 

SM-A-783~20 

SM-A-783~35 

PEWS rev 8 

Schematic Diagram, Receiver, RF, A3. 

Schematic Diagram, Sensor Interface, 
Wire Link, C3A1). 

Test Specification for Decoder C2A2 ) 
Circuit Card Assembly. 

Test Specification for Display C2A1) 
Circuit Card Assembly. 

Test Selected and Alignment Procedure for 
Receiver RF Circuit Card Assembly. 

Acceptance Test Procedure, 
MX-9738/TRS-2CU). 

Test and Alignment Specificat i ons for 
Detector Circuit Card Assembly SM-D-783209. 

Acceptance Test Procedure 
DT 577CU)TRS-2CU). 
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Apoendix G PEWS Detector Technical Characteristics 

Physical: 

Dimensions Cinches): 
Length 6.6 
Width 3.8 
Height 2.5 

Weight CPounds): 1.1~ Cwith batter~) 

Uolume CCubic Inches): 29.6 

Operation: 

Power/Mode Switch: toggle RF/OFF/WIRE 
Test Switch: Push to Test 
Code Plug (Programmable): 

Identification Number: 1 to 16 
Area Number: 1 to 8 
Parit~: On or Off 

Operating Temperature Range: 

-31 to +71 Degrees Centigrade 
-25 to +160 Degrees Fahrenheit 

Power Consumption: 
1.0 mAin Standb~ Mode 
200 mA in Transmit Mode 

Stabilization Time: 

5 Minutes after turn on 

Detector Range: 

10 Meters 

Detection Capabilit~: 

Detect and Classif~ Personnel and Uehicles 

Sensor T!Jpe: 

Seismic: Geophone 
Magnetic: Magnetometer 
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Appendix G PEWS Detector Technical Characteristics 

Data Transmission: 

Baud Rate: 30-~0 Bits per Second 
Error Detection: Odd Parity 
Digital Word Length: 10 bits: 

Start bit: 1 bit 
Classif"y: 1 bit 
ID: 3 bits 
Area: ~ bits 
Parity: 1 bit 

Range: 1500 Meters C.9 miles) 
Wire Link: 

Dif"f"erential Output Driver Clnternal) 
Field Wire: WD-36 

Radio Link: 
Radio Frequency Transmitter Clnternal) 
Power: 250 mW nominal C100-~50mW @ 9 UDC) 
Output Power: 100 mW (@ 5.5 UDC) 

Frequency Bandwidth: 20 KHz 
Fixed Frequency Cset to be same as Receiver) 
Frequency Band: 139-153 MHz 

Developmental Units: 
1~5.350 MHz 
1~8.925 MHZ 
152.500 MHz 

Carrier Frequency Stability CRF): ~0 ppm 
Modulation Deviation: 

F1 > 8 KHz 
F2 < 1~ KHz 

Modulation: Pulse Code Modulation 
Frequency Shirt Keying 

F1 - 1500 30 Hz 
F2 .. 1800 ~5 Hz 

Ancillary Component Requirements: 

Seismic Ground Stakes: 2 ea. 
9 Uolt Battery (Lithium Pref"ered): 1 ea. 
Antenna Cf"or Radio Link Mode): 1 ea. 
WD-36 Field Wire Cf"or Wire Link Mode): 1 ea. 
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Appendix H PEWS Receiver Technical Characteristics 

Physical: 

Dimensions Cinches): 
Length 7.8 
Width lf.7 
Height 1.9 

Weight CPaunds): 1.86 Cwith battery) 

Ualume CCubic Inches): 52.5 

Operation: 

Power Switch: toggle OFF/AUD.TONE/AUD.TONE and DISPLAY 
Made Switch: toggle RF/WIRE 
Area Select Switch: rotary 1 to 8 

Displa~:~: 
Self Test/Retest 
Law Battery indicator at 5.5 UDC 
New Detection 
Area: 1 to 8 
ID: 1 to 16 
Classification: 

P - Personnel 
C = Carrier CUehicle) 

Wire Link Module CWire Link Made): 
Area Select/Test Switch: ratar~:~ 1 to 9 and Test 
9 Input Pair Terminals 
Grounding Terminal 
Test LED Cfar Test Made): 

Normal, Steady On 
Open/Short, Blinking 

Operating Temperature Range: 

-31 to +71 Degrees Centigrade 
-25 to +160 Degrees Fahrenheit 

Power Consumption: 
6 mA max. with Displa~:~ Off C@ 9 UDC batter~:~ voltage) 
25 mA max. with Display ON C@ 9 UDC batter~:~ voltage) 
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Appendix H PEWS Receiver Technical Characteristics 

Data Reception: 

Baud Rate: 30-~0 Bits per Second 
Error Detection: Odd Parity 
Digital Word Length: 10 bits: 

Start bit: 1 bit 
Classif\:;l: 1 bit 
ID: 3 bits 
Area: ~ bits 
Parit\:;l: 1 bit 

Wire Link: 
WD-36 Field Wire 

Radio Link: 
Radio Frequenc\d Receiver Clnternal) 
Sensitivit\:j: 0.~ uU min. @ ~0 KHz Bandwidth max. 
Local Oscillator Frequenc\d Stability: 30 ppm 

of Oscillator Frequency 
Spurious Response: 

0 Spurious Response Signals < +35 dB 
above 1.0 uU 

1 Spurious Respons~ Signal < +~0 dB 
above 1.0 uU 

Desensitization : @ 1.0 uU signal-operate properl\:j 
with undesired signal allowed: frequency 
with spurious response @ 20 mU @ > ±1 0 % 
of Oscillator Frequency 

Rejection Ratio: 
IF @ > 50 dB 
Image @ > lf5 dB 

Local Oscillator Radiation: 
100 uU max. across 50 ohmLoad 

Fi xed Frequenc\d CSet same as Detector) 
Frequenc\d Bandwidth: 20 KHz 
FLequenc\d Band: 139-153 MHZ 

Developmental Units: 
1~5.350 MHz 
1~8.925 MHz 
152.500 MHz 

Demodulation: Pulse Code Modulation, 
FLequenc\:j Shift Ke\:j ing 

Ancillar\:j Component Requirements: 

9 Uolt Batter\d ( Lithium PLefered ): 2 ea. 
CarL\d Strap: 1 ea. 
Antenna CRad i o Lin k Mode): 1 ea. 
Antenna Adapter CRadio Link Mode): 1 ea . 
Wi~e Link Mcdule C Wi~e Link Mode ): 1 ea. 
Grounding Rod CWire Link Mode): 1 ea. 
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Appendix I ISC Corporation redesign Changes 

List of PEWS Equipment Redesign Changes 

Receiver: 

Detector: 

• Redesign housing (Aluminum Die Cast) 
• Relayout Printed Circuit Board for Auto-insertion 
• Redesign Printed Circuit Board support structure 
• Redesign receiver front end to eliminate 

oscillaticn 
• Environmentally sealed 

• Redesign housing (Aluminum Die Cast) 
• Rela~out Printed Circuit board for auto-insertion 
• Redesign Printed Circuit Board support structure 
• Redesign antenna loading coil for broadband use 
• Redesign antenna for single length use 
• Incorpo~ate self test feature 
• Redesign transmitter for proper power output and 

temperature compensation 
• Incorporate field programmable code plug 
• Environmental~ sealed 

Wire Link adapter: 

• Redesign housing (Molded Plastic Assembl~ ) 

• Rela~out Printed Circuit Board for auto-insertion 
• Redesign Printed Circuit Board location and 

test switch 

Carr~ing Case: 

• Heav~-Dut~ Duck carr~ing case 
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Appendix J 

PEWS Demos: . 

1980 

Belgium, 21 Nov. 
Federal Republic of German~, 2 1 Nov. 
Netherlands, 21 Nov. 

1981 

Australia, 2~ Jun. 
Eg!:jpt, 30 Sep. 
Greece, 16 Jun. 
Indonesia, 30 Jun. 
Japan, 2~ Jun. 
Korea, 2~ Jun. 
Mala~sia, 30 Jun. 
New Zealand, 2~ Jun. 
Philippines, 30 Jun . 
Singapore , 30 Jun. 
Spain , 3 Dec. 
Switzerland, 3 Dec. 
Taiwan, 22 Jun. 
Thialand, 30 Jun. 

1982 

Abu Dhabi , 7 Sep. 
Eg!:jpt , 30 Jun. 
Kuwait, 1 Mar. 
Pa k istan, 7 Ma~. 
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Acoendix J PEWS Marketing 

PEWS Sales: 

1981 

1980 

Nor-way, 3 Oct. 
P.O. 86632, 2 ea. CU)2 

Sweden, 12 Aug., 150.6 MHz 
P.O. 86333, 3 ea. CU)~ CU)5, ~ ea. CU)6 

United ~ingdom, 13 Aug., 139.25 MHz 

1982 

P.O. 86322, 3 ea. CU)3 
P.O. 86321, 1 ea. CU)3 kit 

Por-tugal, 16 Jun. C1 39 .1 MHz) 

PEWS Repair-s: 

1981 

Nor-way, one system r-etur-ned for- r-epair-, 3 Sep. 
Sweden, one system r-etur-ned for- r-epair-, 20 Aug. 

1982 

Sweden, one system r-etur-ned for- repair-, 7 Jun. 
two detector-s r-etur-ned for- r-epair-, 27 Aug. 

Por-tugal, two detector-s r-etur-ned for- r-epair-, 30 Jul. 

PEWS r-ev 8 SEW 30 August 1985 page J-2 



Apcendi x K PEWS Field Test Procedure 

The following pages contain the field test procedure for 
the PEWS, as intended to be used b~ ISC Technologies 
marketing, qualit~ assurance, and other demonstration 
personnel. For the specialized field tests conducted in this 
report, the following alterations were made; 

1) The test field (controlled area) was 
approximatel~ 130 meters square . 

2) The Base line was extended to 50 meters on 
either side of the emplacement. 

3) The target lines were extended to 110 meters 
from one end to the other. 

The target line distances Cfrom the baseline ) 
were increased: 

5 meter line to 10 meters 
10 meter line to 20 meters 
15 meter line to 30 meters 
20 meter- line to LfO meters 
30 meter line to so meters 

These changes were made in order to determine the target 
detection range of the s~stem. Under optimum conditions , 
modified detectors are nat expected to indicate personnel 
intrusions be~ond 50 meters. 
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PEWS rev 8 

PEWS Field Test Procedure 

SEISMIC fiELD TEST PROCEDURE 

Platoon Early Warn1ng System CPEWS) 
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Apoendix K PEWS Field Test Procedur§ 

1.0 INTRODUCTION 

1.1 Equioment Description 

The Platoon Early Warn1ng System CPEWS ) 1s a 
lightwe1ght, weatherproof, battery-powered , compact, tact1cal 
intrus1cn detection system des1gned fer use by small un1t s 
such as platoons, squads, and patrols. The PEWS ccns1sts of 
ten se1sm1c / magnetlc detectors, two rece1ver / mcnitors, two 
wire link modules, and ancillary components packaged in two 
canvas carrying bags Csee F1gure ll. 

The PEWS detectors Csee Figure 2 l are easily concealed, 
remote, ' hand-emplaced ground sensors. The detector w1ll 
adjust itself to 1ts surroundings electron1cally, and 
1ndicate the presence of 1ntruders within a range of ten 
meters. Detector settling time is approx1mately five 
m1nutes. The 1ntrusicn signature, both seism1c and magnetic, 
is validated, analyzed , and classified as e1ther personnel or 
carr1er Cvehicle). The class1fied message 1s digitally 
encoded and added to the programmable •area, • "ID, • and 
"par1ty" codes. The message , a dig1tal word , is then 
transmitted to the receiver / monitor by one of two 
transmiss1on med1ums: the Radio Frequency CRFl l1nk, and the 
W1re link. When the RF l1nk mode is selected , the dig1tal 
word modulates the radio Frequency Modulated CFMl 
transmitter. When the Wire L1nk mode is selected, the 
d1gital word modulates the different1al line dr1ver. 

The PEWS rece1ver / mcnitcr Csee Figure 3 ) acquires the 
message through a ) ~he Wire Link Module Cvi a field w1rel, 
which would be attached to the rece1 v er when the W1re mode is 
selected, or b l the rad1o rece1 ver sect1on (v1 a rad1ated CRFl 
energy and antenna ) when the RF mode 1s selected . Intrus1on 
detection 1s indicated by an audible ~one and the ll ght 
emmit1ng d1cde ( LEDl d1splay. The LED display reg1sters the 
detector 1dent1f1caticn number and the type of detection for 
each cr1g1nat1ng detector 1n the network. Updated intrus1cns 
are also 1nd1cated and will be held 1n memory unt1l the 
rece1ver / mcnitcr lS reset by personnel. 

1.2 Pyrpgse of Test Procedure 

This test procedure shall be used ~c test the Platoon 
Early Warn1ng System ( PEWS ) 1n an environment emulating the 
expected cperat1ng environment . PEWS un1ts that do not pass 
the requirements of th1s performance test shal l be class1fied 
as rejects, and labeled as such. 

Th1s procedure can be used to perform system 
demcnstrat1ons , to screen systems far demcnstrat 1ans and 
sales , and to a1d personnel 1r. beccm1ng mere fam1l1ar w1th 
the PEWS. Th1s procedure assumes the aperat~r has read 
and / or w1ll refer to the appl1cable documents ment1cned 1n 
2.1 below. 
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Accendix K PEWS field Test Procedure 

PEWS rev B 

2.0 TESTING SUPPORT REQUIREMENTS 

2.1 Appllcable Documents 

2.1.1 Operators Manyal. Headcyarters Qepartment of the 
~. TMII-5895-10~7-10 

2.1.2 Oraanlzational and Qirect Sypport Maintenance Manyal 
fgr PEWS, Headquarters Qepartment gf the Army, 
TMII-5895-10~7-23 

2.2 Ia~t 'g~~pmant lng tool; 

2.2 . 1 Shovel. 

2.2.2 Pick . 

2.2.3 Hand Spade. 

2.2.~ Rake. 

2 . 2.5 Tape Rule C30 meter, metric preferred ). 

2 . 2.6 field Marker FlaQs Csmall ). 

2.2.7 Thermometer Chand held ). 

2.2.8 Chronometer (portable or wrlstwatch ). 

2.2 . 9 Compass. 

2.2.10 Voltmeter, Simpson model 260 or equi valent 
( battery operated), for optional AGC measurements. 

2.2 .1 1 Chart Recorder, Astro-Med or equ1valent 
( battery operated) , for opt1onal se1sm1c measurements. 

2 . 2.12 Log Sheets and wrlting 1mplements, such as clip 
board, pencils, scratch paper, labels 
Cself-adheslve), etc . 

2.3 Fragyency uarificatign 

The PEWS 1s presently conf1gured to operate on a number 
of d1fferent factory set frequenc1es . Please •Jerify that the 
character Cs ) follow1ng the ''CU)" on the ser1al tag 
C AN I TRS-2 ( U)~) is the same for all of the un1ts 1n the 
system. Th1s 1s the frequency 1dent1ficat1on character . All 
of the units must be on the same frequency 1n order for the 
system to operate as a whole. 
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Aopendix K 

PEWS rev 8 

PEWS Field Test Procedure 

3.0 fiELD TEST SET UP 

3.1 Locat;on Select ; pn 

Test1ng should be performed on a mo1st Cnot ~et or 
muddy ), fa1rly l e vel , and smooth surface. These parameters 
take personnel safety 1nto ccns1derat1on, and are not 
necessary for the operat1on of the PEWS . The testing area 
should be l arge enough to prov1de reasonable 1so lation from 
possible forms of 1nterf.erence , and to allow ample room for 
participants and observers to be clear of the target range on 
al l four s 1des Capprox;mately 70 meters w1de by 70 meters 
long is suggested ) Csee Figure 6 ). 

The t est s1te location should be far from heavy traffic 
Cmain roads, highways, bicycle paths, etc). The s1te should 
likew;se be situated such that PEWS test;ng does not become a 
public spectator sport . 

3 . 2 Deployment 

The PEWS detector i s a ground sensor and must be placed 
1n the ground, w1t~ ground stakes attached, for proper 
se1sm1c co~pl1ng ( see Figur e ~ ). For conven;ence, the RF 
mode w1ll be employed for f1eld test1ng and demon~trations 
unless ot~erw1se spec1f 1ca lly requested . 

3.2 . 1 D1g a shallow trench ( approximately ~ ;nches deep ) in 
the middle of the testing area r see F1gure 6). 

3.2.2 Insert the se1sm;c ground stakes snug ly Cby 
careful rotatlon ) 1nto the;r threaded mount1ng holes, 
located on the bottom of the detector. Repeat for 
each detector Csee 2.1.1 and F1gure 2 ). 

3.2.3 Install the antenna firmly on the threaded antenna 
post, located on the top of the detector . Repeat 
for each detector Csee 2 .1.1 and F1gure 2 ;. 

3 . 2.~ Program the code plug as per 2 .1.1 abov e , 1f not 
previously performed ( not e : each p lug shou l d h a ve 
a un;que detector 1dent1ty C! O) number , but the 
same area number. Cut the par1ty ( red ) w1r e on code 
plugs which have an odd number of w1res. It l S 
he l pful to ident1fy the detectors 1 through 10 for 
our purposes ). Wr1te the ID and area numbers on a 
l abe l and aff1 x the l abe l to the top of the 
detector. Insert the 1de nt1ty plug 1nto the keyed 
connector , l ocated in the battery compartment on 
the front s 1de cf the detector . Repeat fer eac h 
detector r emember~ng to g1 v e eac h detector a 
se parate 1dent1ty number ~ see F;gure 2 ~ . 
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Appendix K PEWS Field Test Procedure 

3.2.5 Connect and install a fresh 9 volt battery 1n the 
batcery compartment, located on the front side of 
the detector. Repeat for each detector Csee 2.1.1 
and Figure 2). 

3.2 . 6 Connect and install fresh 9 volt batter1es C2 ea. ) 
~n the battery compartment of the receiver , located 
on the bottom of the receiver. Repeat for each 
rece1ver Csee 2.1.1 and figure 2) . 

3.2.7 Place each detector firmly in the ground Ctrench ) , 
starting w1th the lowest identity number and working 
in ascending order toward the highest . The detectors 
should be evenly spaced, four to eighteen inches 
apart, and facing the same direction: fronts toward 
the test s1de of the field Csee F1gure 5) . 

3.2.8 Install the rece1ver antenna adapter securely in 
the antenna socket, located on the top of the 
rece1ver. Install the receiver whip antenna stably 
1n the antenna adapter, located on the top of the 
rece1ver. Repeat for each rece1ver Csee 2 .1.1 
and figure 3). 

3 .2.9 Turn all of the detectors and receivers on, 
selecting the RF mode of operation unless otherwise 
requested Csee 2.1.1, F1gure 2 , and Figure 3). 

3 . 2.10 Set all of the receivers to the same area code as 
the detectors Csee 2.1 .1 and Figure 3). 

3.2 . 11 Push the TEST button on the detector, walt a few 
seconds, and observe the proper ID number on the 
receiver display. The number displayed should 
be the same as the ID number on the detector label. 
If you do not read the proper ID number on the 
rece1ver, check the !0 plug for the correct 
ID code ( corresponding to the label), check the 
9 volt battery, or discard the detector as reject, 
subject to later intensified test1ng . Repeat for 
each detector and receiver Ccan be performed 
simultaneously on recei vers ) Csee 2.1.1, f1gure 2, 
and Figure 3). 

3.2.12 In the case of Opt1onal Testing, mod1fied Cspare ) 
detectors should be deployed in the same manner as 
the others ment1oned above Csee 3.2.2, 3 . 2 . 3, 3 . 2 .~ 
3 . 2 .5, and 3.2.11 ). The recording , transmitting, 
and / or ether related devices should be connected to 
the predetermined detector output leads and placed 
behind the detector ground emplacement Csee Figure 
5 and figure 6 ). For conven1e~ce and detector 
isclat1on, an RF data l1nk 1s recommended between 
the detector and the assoc1ated equ1pment Csee ~.~). 

PEWS Field Test BEW 06 / 20 / 85 page 6 
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Appendix K PEWS Field Test PLgceduLe 

3.2.13 Fill ln the open trench around the detectors, 
ll ghtly covering the top of each detector with soil. 

3 . 3 F1e ld Markers 

Field markers Cflags ) will be used as an ald to the 
personnel performing the test. Set up fleld markers at the 
beginn ing and end of each target path Csee Flgure 6). 

3.3.1 Target paths run parallel with the reference base 
line Csee Figure 6). 

3.3 . 2 The base line is an imaglnary line which runs 
through the front of each detector Csee Figure 5). 
Each detector is perpendicular to the base line. 
The base line is the line of target travel of the 
detectors. The base llne extends 30 meters on each 
s ide of the detector array Csee Figure 6). 

3.3.3 The target lines run paralle l to the base line, 
at spec l fied distances from the base line. 
The dlstances are; 5 meters, 10 meters, 15 meters, 
20 meters, and 30 meters. Persons who will act 
as targets will proceed along the target line from 
one end to the other Csee Figure 6). 

PEWS Fleld Test BEW 06 / 20 / 85 page 7 
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Apoendix K PEWS Field Test Procedu4e 

PEWS rev B 

~.0 TEST PROCEDURE 

~.1 S;ttling Tim; 

Allow sufficient settling time Cat least five minutes) 
before beginning each part of the test . It is dur ing this 
time that the AGC amplifier is adjusting the s~stem gain for 
proper target detection. Seism1c disturbances of an~ nature 
will be acknowledged, averaged, and adapted for by the AGC 
amplifier. 

~.2 fi;ld T;st Lgg Shoots 

The field test log sheets will be used to record the 
results of each part of the test. Initial entries should 
also be made, such as, date, time Cbeginning and ending), 
temperature , approximate wind speed and direction, direction 
of target travel, detector indications and false alarms , etc. 
Csee figure 7). 

~ . 3 Testing CTarget Oetectlon) 

~.3.1 The person acting as the target should walk the 
length of each target line, beg1nning with the 
5 meter target line, and ending with the 30 meter 
target line. Again, appropriate time Cfive minutes) 
should be allowed between target line walks. 
The personCs) acting as the observer should record 
any receiver indications and notes,such as; 
"detectors 2,5,6, and 7 p1cked up pass1ng 
helicopter" (see figure 6 and figure 7). 

~.3 . 2 The persons Ctwo) act1ng as the target should 
walk the length of each target line, beginning with 
the 5 meter target line, and end1ng w1th the 
30 meter target line. Again , apprcpr~ate t1me 
Cfive minutes) should be allowed between target 
line walks. The personCs) acting as the observer 
should record any receiver indicat1ons and notes 
Csee Figure 6, Figure 7, and ~ . 3 . 1). 

~.3.3 Repeat ~.3.2 w1th three people acting as the target . 
Ccpticnal). 

~.3.~ The PEWS performance should be an 85% detection 
rate, fer personnel targets of ncm1na l we i ght and 
speed, at the 10 meter target line. This i s a 
m1n1mum requ1rement, and the properly cperat1ng 
PEWS w1ll perform in excess of this requ1rement . 

PEWS field Test BEW 06 / 20 / 85 page 8 
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Accendix K PEWS Field Test Procedure 

PEWS rev 8 

Othe• •equi•ement~ a•e called out i n 2 .1. 1 and 
2.1.2 above and ma~ be of a cosmetic natu4e, 
howeve4, the 4equi4ement stated above is ou• 
p41ma4y conce•n fo• this te~t. 

~.~ Octignal Testinc 

Optional testing is pe•fo•med fo• ci•cu i t e valuat i on . 
The optional testing may include, but is not lim i ted to; 
seismic signal •eco•ding Cboth "4aw" and amplified), and AGC 
4efe4ence voltage. Fe• ou• pu4poses , the optional testing, 
if pe•fo•med, will be seismic- and AGC-•elated and w1ll be 
pe•fo•med on specificall~ modified detecto•s Cspa•es l. These 
tests ma~ help ou• evaluation of backg4ound seism i c noise 
ve•sus AGC voltage Cpe4fo4mancel . The use of an Rf data link 
between the modified detecto•Csl and the associated equipment 
and / o4 devices 1s advised CRefe• to 3.2 . 12). The p•ocedu•es 
below a•e a supplement to section 3 . 2 above. 

Ca l Output from the detector can be f4om either the 
geophone or an amplifier stage. Dur1ng 
mod i fication, coded wires should have been 
attached to the appropriate p l aces i nside the 
detector and run through an open1ng i n the 
detector case. The code plug should have been 
programmed and the detector l abe l ed . Aga i n be 
careful not to use the same I D number on two 
separate detectors, but maintain the same 
a•ea code . 

Cb l Assemble the detectorCs l . Csee 3.2 . 2 , 3 . 2 . 3 , 
3.2.5, and Figu•e 2 ). 

Cc l After emplacing the detecto• Cs l Csee 3 . 2 .7), 
connect the relat 1ve detector output to e i ther 
the recording device Cs l or the RF data link 
transmitter Csl . Connect the RF data l1 nk 
receiver Csl to the relat1ve record 1ng dev i ce Cs l 
if the RF data link is utilized. Adjust the gain 
and record speed controls on the recorder 
as •equired. 

Ce l Tu•n on the RF data link , if used. 

PEWS Field Test SEW 06 / 20 185 page 9 
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Appendix K PEWS Field Test Procedure 

~.~ . 2 AGC Uoltage Recordlng 

Ca) DetectorCs) should have been mod i fied 
Csee ~.~.l. C a)) for the des i red test . 
The needed connecting wires should protrude 
through the detector case. 

Cb) Assemble the detector ( s ) Csee 3.2.2 , 3.2 . 3 , 
3.2.5 , and f i gure 2 ) . 

Cc) After emplacing the detectorCs ) Csee 3.2.7) , 
connect the relative detectorCs) output to either 
the recording device Cs ) and / or voltmeterCs ) or 
the Rf data link transmitter Cs ). Connect the 
Rf data link receiver ( s) to the relative 
recording / reading device Cs ) if the Rf data l i nk 
is utilized. Adjust the gain and record speed 
controls on the recorder and the range on the 
voltmeter Cif used) as required. 

Cd) Turn on the detectorCs) Csee 3 . 2.9 and figure 2 ) . 

Ce ) Turn on the Rf data llnk i f used. 

(f) If uslng the voltmeter , per i odic Cevery flve 
mlnutes ) readings should be recorded. 
Personnel recording this i nformation may use 
scratch paper or the field test log sheet 
Csee Figure 7) . 

~.5 Clean Uo 

In order to prevent damage or loss of t he equipment and 
tools, the test site should be taken down shortly after the 
test or demonstratlon. This wl l l also encourage a fa vorab l e 
attitude wlth the property owners toward future testlng. 

~.5.1 Turn off and remove the batter i es from the 
detectors and recelvers Csee 2 .1 . 1 , Flgure 2 and 
figure 3). 

~.5.2 Turn off the Rf data link and optiona l t est 
equipment, if utlllzed. Dlsconnect the Rf data li nk 
transmitter from the detector and the Rf data l ink 
receiver from the recording / read i ng equlpment i f 
employed . Prepare all test-related equlpmen t and 
anci l larles for transportatlon Csee ~ . ~ ). 

~.5.3 Remov e the detector antenna from the de t ec t or , and 
store the antenna ln one of t he canvas carry bags. 
Repeat far all detectors Csee 2 . 1 .1 and f i gure 2 ). 

PEWS fie l d Test BEW 06 / 20 / 85 page 10 
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Appendix K PEWS Field Test Procedyre 

~.5.~ Remove the detecto• seismic g•ound stakes f•om the 
detecto•, and sto•e them in one of the canvas ca••w 
bags. Repeat fa• all detecto•s Csee 2 . 1 . 1 and 
Figu•e 2). 

~ . 5 . 5 Sto•e all detecto•s in the canvas ca••Y bags . The 
code plugs and labels may •emain on the detecto•s if 
des1gnated a demonst•ation a• evaluation PEWS . 

~.5.6 Remove the •eceive• antenna f•om the •ecei ve• / monito• , 
and sto•e it in one of the canvas ca••w bags . The 
antenna adapte• may •emain on the •eceive• l mon i to•. 
Repeat fa• all •eceive•s Csee 2 . 1.1 and Figu•e 3). 

~.5.7 Fill in the t•ench and fi•m up the soil on the 
su•face. 

~.5.9 Place the field test log sheets and othe• test 
data, if any, in the log book fa• futu•e •efe•ence 
and tabulation. 

~.5.10 Police the testing field. 

~ . 5.11 Collect all tools, equipment and othe• company 
p•ope•ty fa• t•anpo•tation , pack up and go home. 

PEWS F1eld Test SEW 06 / 20 / 85 page 11 
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Aopendix K PEWS Field Test Procedure 

PEWS rev E 

s.o fiaurn 
TMe following figures will act as an aid in following 

tMe test procedure. TMe figures are fairly accurate and 
sMculd be applied to assembly and emplacement . !Me field 
Diagram (figure 6) is to be used as a guide, but may d i ffer 
from location to location Cfcr example : tMe unused area to 
the rear of the detector array is net used and therefore may 
be geologically different from location to location ) . 

PEWS Field Test BEW 06/20/85 page 12 
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5 .1 Ftcure 1 P l atoon Ear l y War ~1nq System ( QEWS l , 
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Appendix K PEWS Field Test Procedyre 

5 . 2 F i gure 2 PEWS Detectqr Ccround se nsor ) , 

DT-577C U)/ TRS-2 CU) 

I 
I 
I 
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Appendix K PEWS Field Test Procedure 

5.3 ficure 3 PEWS Receiver <rece i ver / monitor), 

R-1808CU) / TRS-2CU) 

Batter ~ Compar~ment 

PEWS field Test BEUJ 06 / 20 / 85 

S~o~.~ ltch 

~er1a l tag 

page 15 

Figure '-±.11.3 PEWS Recei ver Creceiver ! mcnitcr ) 
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Aopendix K PEWS Field Test Procedure 

5.~ Eigyra j PEWS patactgr In Grgynd 

PEWS F'iald Ta!lt BElli 06/20/85 paga 16 

Figure Y:.ll.Y: PEWS Detector In G~ound 
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Appendix K PEWS Field Test Procedure 

5.5 figyre 5 PEWS Detector Grgypd Emplacement 

PEWS field Test BEIIJ 06/20 / 85 page 17 

Figure '-±. 11.5 PEWS Detectcr Graund Emp l acement 
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,. 

,. 

,. 

,. 

5.6 figyre 6 field Qiagram 

Obser-ver-s 
and 

Monitor-s 

30 Meter- Tar-get Line 

20 Meter- Tar-get Line 

15 Meter- Tar-get Line 

10 Meter- Tar-get Line 

5 Meter- Tar-get Line 

Base Line 

Detector- Gr-ound Placement 

,. • field Mar-ker-s ( flag) 

Opt~onal Data Receiver­
and 

Optional Test Equipment 

f 
10 miter-s 

5 me
4
ter-s 
t 

• 5 meter-s 
t 

5 me:ter-s 

5 me:ter-s 

30 meter-s 

Optional Data Tr-ansm i tter-

or-
Optional Test Equipment 

70 meter-s by 70 meter-s 
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5.7 Figura 7 fiald Iwst Lgq Sbaats 

n.a rar.,.u ,..,. _,. t 

•a'CI'!Kt • .. an. l_, 
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Appendix L Documented PEWS Field Tests 

United Kingdom 

A number ar tests were conducted, using both personnel 
and vehicles in a variet~ or scenarios. These tests intended 
to simulate different t~pes or targets the PEWS might 
encounter in actual field use. 

Tests were performed in two sets. The first set 
revealed problems with the PEWS. The second set was 
performed similar to the first, while seismic conditions were 
monitored. 

In both sets , detection was said to be poor. Speculated 
reasons for poor s~stem performance were seismic 
characteristics of the soil and AGC desensitization b~ rain. 

Date: Januar~ to March 1981 

Conducted b~: Surveillance Target Aquisition and 
Night Observation Center CSTANOC) 

Location: United Kingdom: Northern Ireland 
Essex 

Attendees: 

New Forrest 
Nottingham 
Salisbur~ Plain 

Clark - British Arm~ 
- British Arm~ 
- Br i tish Arm~ 

Lt. Colonel Bolton 
Major John O ' Brien 
Sergeant John Cox 
Keith Proctor - Ferranti / Cheadle Heath 
Ian Miller - Ferranti / Cheadle Heath 
John Hartle~ - ES I L 
Larr~ Schick - ESI 

Date: 7 to 10 Jul~ 1981 

Conducted b~: Surveillance Target Aquisition and 
Night Observation Center CSTANOC ) 

Location : 

Attendees : 

PEWS rev B 

United Kingdom: Salisbur~ Plain 

Ma j or John O'Brien 
Sergeant John Cox 
Sergeant Ton~ Ka vanagh 
J<eith Pr-cctor 
Ian Miller 
Larr~ Schick 
Al Jodzio 

- Br i t i sh Arm~ 
- Br i tish Army 
- Br i t i sh Army 
- Fe r ranti 
- Ferrant i 
- ESI 

ESI 

BEW 30 August 1985 page L-1 



Appendix L Documented PEWS Field Tests 

Sweden 

The results of these tests show that personnel and 
ski-troop intrusions were not properl~ classified when 
de~ected. Distant aircraft were classified as personnel. 

Date: 17 Februar~ 1982 

Conducted b~: Swedish Arm~ 

Location: Sweden 

Attendees: Un-named members of the Swedish Arm~ 
Un-named representatives of Ferranti 

PEWS rev 8 SEW 30 August 1985 page L-2 



Accendix M PEWS Raw field Test Results: 

Lancaster County Park 

Tabulation of 10 meter Target Line Results 

Modified Detectors 
R 1'-i - 2 megohms 

R lLf 
Det. value Test Test Test Test Test Test Test 
ID# Cohms) #l #2 #3 #Lf #5 #6 #7 

1 2.0 M c c p c p p p 

2 2.Lf M c c p c c p c p c 

3 3.3 M p p c p c c c 

5.6 M c p p p c p c c 

5 Lf.7 M p c p p p c p c p c 

6 3.0 M . p p c p c p c 

7 3.3 M c p c p c 

8 3.9 M c p p c p c p 

9 2.7 M c p c c c c 

10 2 . Lf M p p c p p p 

PEWS rev 8 SEW ~0 August 1985 page M- 1 



Appendix M PEWS Raw Field Test Results: 

Lancaster County Park 

Tabulation of SO meter Target Line Results 

Modified Detectors 
R 1"1 - 2 megohms 

R 1"1 
Det. value Test Test Test Test Test Test Test 
ID# Cohms ) #1 #2 #3 #"t #5 #6 #7 

1 2.0 M c c p c p p p 

3 3.3 M I'J / A I'J / A p 

5.6 M I'J / A N/ A p p 

5 "1.7 M I'J/ A I'J / A p p 

6 3.0 M I'J / A I'J / A p 

7 3.3 M I'J / A I'J / A p p 

8 3.9 M N/ A N/ A p p 

9 2.7 M I'J/ A I'J/ A p c 

10 2."1 M N/ A N/ A p 
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Appendix N PEWS Technical Analusis: 

The following is a technical anal~sis of the PEWS 
detector circuit, written by Arther O'Connor. 

The purpose of this anal~sis, is to show that the 
solution to the detector performance problem is sound. 
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Appendix N PEWS Technical Analysis: 

PEWS Automatic Gain Control CAGC ) Circuit Analysis 

Simplifying Assumptions: 

See Figures ~.1~.1 and ~.1~.2 for schematic diagram 
representations of the argument. 

1. Q~ , QS , and Q6 all have a Beta greater than 10 at their 
respective· operating collector currents Cthis is reasonable, 
since low noise, small signal NPN Silicon transistors 
generally have minimum Betas of 50 and typically 100 at 
Ic- s uAmp). 

2. Q6 will switch very rapidly Cas QS switches ) therefore 
only switching conditions for QS will be considered. 

3. For analysis purposes Cwe are going to determ i ne the 
relative impact of changing RsAT• the Se l ect At Test 
resistor, not absolute switching voltages ) R13 will be 
ignored. 

~. Cascaded gain of preceding stages, and Automatic Gain 
Control CAGC ) are sufficiently high so that with the AGC 
loop closed, the output noise level will be determined 
only by the AGC dete=tor in a=tion. 

5. Frequency of interest is 15Hz. 

6. AGC action starts when the i ncoming s~gnal is j ust large 
enough to turn QS off. 
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Acpendix N 

-+SV 

S~T 

• 
4.7UF 

Cll . 

---o AMPUFlER 
OUTPUT 

Figure Y:.lY:.l 

PEWS Technical Analysis: 

+SV 

~C C>UTPUT 

it SAT RANGE 2.2M TO ~.2M 

Detector AGC Schematic 

+5 

Figure ~.1~.~ Simplified Circuit Used far Analysis 
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Appendix N PEWS Tech~ical Analysis: 

ANALYSIS 

QS is off when Ig - 0 , v8 E - 0 

Conditions at Q5 are: 

IR su 
RsAT 

Is C dEg 
dt 

If Eg A sin Cwt) 

Then dEg A w sin Cwt) 
dt 

For Ig 0 

IR Is peak 

5 C11 CA w cos CWT))wt-0 
RsAT 

5 C11 A w 
RsAT 

At 15 Hz, w 2 pi f E.28C15) 

A 5 
'i. 7 X 10 bc6.28 )( 15 ) RSAT 

A 5 X 106 1.13 X 10lf 
Clflf2.7lf)RSAT RsAT 

For RSAT 2.2 megohms 

A 5.1 mU Cpeak ) 

For RSAT 6.2 megohms 

A 1.8 mU Cpeak) 

This ~epresents aS dB C20 log 5.1 / 1.8 ) possible 
spread in the threshold sensitivity of the AGC detector ! 
The impact af this difference is quite dramatic and 
explains the appearent total disabling of some PEWS units 
in high noise envi~anments Cno detector output e ven at 
distances as clcse as 1 meter ) . See Figure lf.1lf.3. 
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Appendix N PEWS Technical Analysis: 

The AGC amplifier output CEmitter of Q~ ) is ~.7 times 
the AGC voltage calculated above. 

2.2 megohms 2~ mU 

6.2 megohms 8.~6 mU 

Q7 's switching voltage is: 

Us Cisl CR) + As 

Is c12 dU 
dt 

1.5 X 106 
5 C'-±. 7 X 10-6 ) C6. 28 ) C 15) CAs) 

5 
C1.5 ) C'-± .7 ) C6.28 ) Cl 5 ) 

As 7 .53 X 10-3 

5 X C1 0 X 103 ) + 7.53 X 10-3 

1 .5 X 106 

Amplifier open loop gai~ is about 7 3 jB 

Seismic sensitivity is 1~5 mU / .32 in. ! sec. cr about 
180 uU/.001 em / sec. 

The zero noise system detection se~sit ivity can be 
calculated. 

s uo v , n-3 
-.; A ~~ 3 

'-±.L-:±5 X 10 
9 uU 

20 leg 9 
180 

-26 dB RE .001 em / sec. 

System detection sensitivi ty for noise - -20 dE 
RE .001 em / sec. is highly dependent an RsAT · 
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Appendix N PEWS Tec hnical Analysis: 

For RSAT . 2.2 megohms 

For 

Amplifier output noise 2lf mU 

Input noise 

Gain Out gut 
Input 

Us GCS + N) 

180 uU - 20 dB 

180 18 uU 
10 

2lf X 1~-3 
18 X 10 

1.33 X 103 

s LfO 

s 18 

X 10-3 

X 10-6 

C1.33 X 103 ) CS + 18 X 10-6) 

30 X 10-6 

s 12 X 10-6 

s dB 20 log 12 / 180 

RsAT 6.2 megohms 

Amplifier output noise 

Input noise 18 uU 

Gain 8.lf6 X 10-7 

18 X 10 6 

GCS + N ) lfO mU 

S + 18 X 10-6 85 X 10-6 

S 67 X 10-6 

S dB 20 log 67 / 180 

-23 . 5 dB RE .001 em / sec . 

8.lf6 mU 

-8.6 dB RE .001 e m/ sec . 

For Noise -10 dB RE .001 em / sec. the respective 
sensitivities are: 

2.2 megchms S dB - 13.5 dB RE .001 em / sec. 

6.2 megohms S dB + 1. 33 dB RE .001 em / sec. 
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Appendix N PEWS Technical Analysis: 

The noise level at which there is no difference in 
performance is that at which input noise amplified by the open 
loop gain is equal to the AGC detector threshold voltage. 

UrN X GoP EN LOOP UTHRESH 

CUIN) (I..±.LfS X 103 ) 8.Lf6 X 10-3 u 

UrN 1.90 uU 

UrN - (approximately ) -LfO dB RE .001 em / sec. 

This no1se level is a very quiet seismic environment. 
At all noise levels higher than this, PEWS detectors with 
2.2 megohm RsAT will have a substantial advantage over 
those with higher values of RsAT· figure Lf.1Lf.Lf 
illustrates the difference in range caused by RsAT for a 

· target of 1 man walking on various soil types. 
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Appendix N PEWS Technical Analysis: 

RECOMMENDATIONS 

1. Use a fixed value of 2.2 megohm far R 1 ~ CRSAT) in all 
PEWS detector AGC amplifiers. 

2. Eliminate all of step 6.1 of Test procedure drawing 
No. SM-A-783~20. 

3. Capacitors c 11 , and c 12 should be ultra law leakage 
t~pes. The~ should be 100% tested far leakage of 
less than .1 uA DC at 5 VDC and 20 C. The~ should 
be sample tested far the same electrical 
characteristics over the full PEWS operating 
temperature range. These capacitors should be 
+ 5% Cor better ) tolerance units. 
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