MEMORANDUM

To: William E. Holden Date: 30 August 1885

cE: Art O0’Connor
Larry Schick

From: Bruce E Walters

Subject: Platoon Early Warning System
Report of Test and Evaluation 8860-0003

Due to the recent upsurge in marketing interest in the
Platoon Early Warning System (PEWS), 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. ou assigned me the task of testing the PEWS
and assisting Art O0’Connor in the evaluation of the system.

I have now completed the testing and collaborated on the

analysis of the PEUWS. In addition, Art and I believe we have
defined the fundamental prokblem of the PEWS: lack of
uniformity of detector performance. By analyzing test

results and collecting data we hypcthesized that by replacing
a specific resistor in the AGC section, we could solve the
uniformity problem. This hypothesis was validated by an
experimental replacement and test program. We have not yet
addressed the cther, less impcrtant problems of the PEWS.
These are proposed as follow-on investigations.

This report presents the procedure we used to evaluate,
hypothesize and prove the solution to the detector
perfaormance problem. Alsc, this repert suggests cther
programs which would augment the system from both performance
and marketing standpocints.

I am confident the PEWS carn be made into a salable item.
In Fact, 1 believe that the system can perform better than it
does at present, but its other prcblems need to be evaluated
in order to do so. It is alsoc possible that many low-caost
user cptions can be added to the current system. These would
make PEWS more attractive to potential customers.
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EXECUTIVE SUMMARY

Because of the difficulties encountered with the Platoon
Early Warning System (PEWS) due toc the lack of repeatable
detector performance, the question of whether or not to
continue with the system in the ISC Technolcgies product line
has been raised. The difficulties made evident in field
tests and demonstraticns are in system perfcocrmance. The
systems seem to be erratic. Among the noted problems are
target detection, target classificaticn, and false alarm
rate.

The fundamental problem was that the ten detectors of
any given system failed to perform in a similar manner. Some
detectcors worked well, others in a mediccre manner, and a few
never indicated an intrusion. If this problem could be
corrected, then the system wculd stand a very gcod chance cf
becoming a viable product. If this problem could not be
solved, then the system might never function properly or

predicatably.

The results of specialized tests and other information
were tabulated and investigated. A hypothesis was drawn,
based con the collected data and a detector circuit
examination. The detectors were modified with respect to the
hypocthesis. Tests identical to the previgus ones were
performed in order to validate the hypothesis. The modified
detector tests upheld the hypocthesis and the conclusion was
reached. The detector similarity problem could be solved by
a simple mcodification.

) The modificaticn involved replacing a resistor whose
value was selected by test with one which had a fFixed value.
This modificaticon will eliminate a step in the producticon of
the detector,; while adding no cost to the system.

PEWS rev B BEW 30 August 1885 . page v



INTRODUCTION

1.0 N UCTION

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  Histgru

The Platoon Early Warning System (PEWS) 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 Platocon Early Warning Device was conceived as a U.S.
Army requirement in 186B. The system was redesignated PEWS,
in 1872. The original engineering of the system was
performed by the Delco Division of General Motors
Corporation.

ISC’s involvement with PEWS began in 13878, 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
(Appendix IJ.

In 1883, ISC Defense Systems began PEWS production.
To date, over 4000 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 J3J.

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

PEWS rev B BEW 30 August 1885 page 1



DISCUSSION

2.0 I SION

.1l Pricr Testing and Observatigns

Observations for this program began in August of 13884,
when field tests were performed to help familiarize marketing
personnel with the PEWS. These tests involved George Stickle,
Art O0’Connor, and the writer. The tests were conducted on the
Field that is now the ISC Defense Systems parking lot. In the
course of the testing, one problem in particular was noted:
each detector performed differently, with one or two detectors
that performed well, others in a mediocre manner, and others
that never gave an indication of detection. A classification
problem was alsoc noted; personnel walking past the detectors
were classified as vehicles, and distant vehicles were
classified as perscnnel.

During these tests, the participants took turns walking
past the detectors, which were placed on the ground next to one
anocther. At first, wind noise (possibly gusts striking the
detector body or vibrating the antennal) was postulated as the
problem. In an attempt to shield the detectors from the wind,
a box was placed over each detector. till, all the detectors
performed differently. However, they were individually
consistent. Detectors that performed well continued to do so;
detectors that performed in a mediccre manner continued to do
so; and the same few “silent” detectors continued to ignore
targets.

Scil conditions were then postulated as the problem.
A new test site was carefully chosen. The new site was
formerly a strip mine, with a sclid base and a surface of
settled top socil. Located on the top of a hill in Lancaster
County Park, it is surrounded by distant trees and isclated
From most conceivable forms of seismic noise.

The detectors were placed in a long trench and enveloped
with soil (Figure 2.1). Care was taken to ensure that all of
the detectors were equally emplaced. A number of tests were
performed under 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 possibility
of seismic charneling allowing some detectors to receive the
seismic wave while preventing the octhers.

The results cf this testing program were similar to the
First test. Some of the detectors always worked and some never
worked.

PEWS resv B BEW 30 August 188S page 2
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DISCUSSION
2.2 Analysis and Definition of the Problem

All of the test results were tabulated and analyzed.
Immediate field fixes and detector ground position had no
impact on system performance. In fact, any solution conceived
up to this point had failed to show that the system could
perform as it is described in various government documents.
The new findings were compared with the groundwork and
conclusions of testing and analysis performed by A. Stagg,

J. Hooper, and C. O0Opitz. The algorithm used for system
operation was well supported by the seismic model described in
a series of memos (C. Opitz, 18B81). In theory, and on paper,
the indicaticns were that the system should work.

It was postulated that the problem was with the
glectronics, not the local test conditions. All of the testing
and analysis had been performed under the assumption that the
system functiconed as described in various government documents.
If, however, the system did not respond consistently to
apparently consistent input, then there was reason to suspect
that something was wrong with the PEWS system. Obviously, the
system electronics were at fault.

The two electronic devices in the system are the detectar
and the receiver. The receiver accepts data from the detector
and displays the intrusion information. No intrusion
processing is performed in the receiver. The receiver seemed
to be functioning properly. 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 by all detectors. A few unique detectors
always 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 responding
differently. Swapping detectcr locations did not change the
results. Given the same input, the detectors were responding
differently. The problem was defined, then, as detector
performance similarity. If the detectors could be made to
perform in the same manner, then the system could be expected
to operate as described by the specifications. As it was, the
system algorithm could nct work because the system electronics
were naot operating correctly.

Preparations were made for an investigaticn of the
detector circuitry. After assuring that the proper supply
voltages were present, and the other obvicus functions (cutput
modes) were intact, analyses began with the geophone.

The geophones are the very first step thrcugh the detector
circuitry; however, they were not expected to be the source of
the problem. Each detector was opened, but left asssmbled so
as not to disturb the effects of the case on the geophone.

The detector under test was placed on a fcam—covered granite
gage block, which was supported by a rubber-wheeled table.

All connecting cables and wires were run under the gage block.
These precautions isclated the detector from seismic noise.

PEWS rev B BEW 30 August 1885 page 4



DISCUSSION

A pulse generator was constructed to provide a S-volt, variable
duty cycle, 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 by a digital
oscilloscope. This respcnse (to the pulse) was then processed
Cusing functions on the digital oscilloscope) tc determine the
frequency response of the gecphone.

The response of all of the gecophones was similar, both in
signal level and frequency-related properties. The geophones
were working exactly as expected; therefore, the geophones
could be eliminated from suspicion.

Next, the schematic for the gecphone amplifier section was
carefully studied. The equipment was configured as in Figure
2.3. The geophones were disconnected and a resistor (330 Ohm)
was installed in each cof their places. These load resistors
emulated geophones that were free of frequency coloration.
Again, the function generator provided the triggering
square-wave for the pulse generator. The one millisecond pulse
was fed toc the amplifier through an attenuator. The response
of each seismic amplifier at any given Automatic Gain Control
(AGC) voltage was different from any cther seismic amplifier.

Further investigation showed that the only physical
difference between the detectecr amplifiers was a resistor in
the AGLC loop. This resistor, selected at test during
manufacturing calibraticon, became the focus of our

investigation. The resistor in gquestion 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 faor this resistor. The resistor value should be
chosen so that the AGC amplifier exhibits a gain that is usakble
under realistic gperating conditions.

The circuits were modified to allow control of the AGC
voltage. This simply bypassed the section 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.

PEWS rev B BEW 30 August 1885 page 5
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1 SSION

2.3  Sglotion

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 uwas
2 megochms.

2.4 Ualidaticn

In order tc validate the modification, tests were
performed again at Lancaster County Park, exactly as described
in section 2.1. The detectors were placed in a long trench and
enveloped with sogil. Care was taken to ensure that all of the
detectcers were equally emplaced. A number of tests were
performed under similar weather conditions and using the same
person as a target (Appendices J and KJ). The detectors were
placed in a different order each time, to avoid the possibility
of seismic channeling allcwing some detectors to receive the
pressure wave and preventing others from receiving it.

The results of this testing program revealed a dramatic
improvement over the intial tests. All of the detectors
perfcrmed well, most of them far beycnd the specification.

The seismic channeling problem, however, did appear to be real.
Any detector placed in one of twoc positions in the emplacement
would not detect a target beyond twenty to thirty meters.

The detectors that did nct function well at these two positions
did, however, work very well elsewhere in the emplacement.

All of the detectors worked all cof 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 toc buried
objects, zones of different materials, wvariable compaction of
materials, rock formaticns, and cther elements that play on the
seismic wave model.

Appendix N is a description cf the thecretical circuit

analysis. This analysis verifies that the demonstrated
sclution is scund.

PEWS rev B BEW .30 August 1885 page 8



CONCLUSIONS AND RECOMENDATIONS

3.0 CONCLUSIONS AND RECOMMENDATIONS

3.1 Conclusions

3.1.1 Ramification of the Sglution

Test data confirm that the modificaticn is effective in
providing detector performance similarity. In addition to
detector similarity, the modification also results in greater
detection range. Under optimum conditions, detections uwere
consistent at a range of SO meters, which is five times the
system requirement. No negative effects have become evident.

3.1.2 Discussign of Other Problems

Now that the fundamental problem of detector similarity
has been soclved, we can cnce again turn cur attention toc the
other problems with system performance. These problems
include target classificaticn and false alarm rate, detector
Jamming, and detector sensitivity. ‘

The next prcblem to be tackled is target classification.
This is the most common complaint by field users; however, it
could not ke attacked until the detectors performed
similarly. The problem is defined as the system’s inability
to distinguish between perscnnel and vehicles. This prcblem
is made evident during every field test.

False alarm rate is second most ccmmon criticism.
The specification for the PEWS false alarm rate is one false
alarm per 24 hours of ccnstant operation. At present, the
system’s false alarm rate is uswally much higher.
The solution to the classification problem may also help to
solve the false alarm rate problem.

It has alsoc been noted that the detectcrs are easily
Jammed by background nocise, and thus rendered inoperative.
This may have been a symptom cf the detector similarity
problem as none of the modified detectors has exhibited this,
even in a rainstorm.

Running cr crawling perscnnel and personnel on bicycles
are frequently not detected. This is due ts a shortcoming of
the detecticn algorithm. While it is reasonable to expect
that the PEWS can be modified to detect running personnel,
cycling or crawling perscnnel may never be detected by this
system. This is because high sensitivity is traded off

PEWS rev B BEW 30 August 188S page S



CONCLUSIONS AND RECOMENDATIONS

against lowering the false alarm rate. The destectors, 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 sensaor.

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 toc estimate the time
required to find them.

.2 Recommendaticns

The PEWS, as presently modified, is a working security
system. The classification and false alarm rate problems may
or may nct 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 soclutions 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 soclutions to the system
performance problems, stated akove. The development program
would define and possibly incorpcocrate user options, as well
as identify new applications fcor the PEWS. Scme of the
suggested options include:

1) Better strain relief for headset cabls (heatshrink)

22 Improve detector antenna (spring-base to avoid breakage)

3) Add-on power units for the detectors (toc extend time
of operation)

%) Additional senscr option (prcvide a means of using any
of a variety of standard sensors in addition to those
currently utilized by the detector)

S) Auxiliary audio amplifier for external loudspeaker

B6) Auxiliary display for the receiver (tc enable viewing of
multiple detections)

7) A higher power gor repeater option (for greater distance
between detectors and receiver.

PEWS rev B BEW 30 August
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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 oppcsed to a
U.S. Army device ocbtainable through the U.S. Government.
It must be recognized 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.

PEWS rev B BEW 30 August 13985 page 11
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Appendix A Military Nomenclature for PEWS

The following is a listing of Army identification numbers for
PEWS. This U.S. Army approved nomenclature
(Bialo-DRCPM-RBS-L) is dated, by letter, 6 Feb. 1879.

Gov'’t Assigned
Approved Nomenclature DUG. NO. Freguency

Platoon Early Warning Systems

AN/TRS-2CU)l1 BL=-C5001250 138.100 MH=z
Platoon Early Warning Systems

AN/TRS-2CUJ1 BL-E5001250 1139250 MHZ
Platoon Early Warning Systems

AN/TRS-2CVJ1 DL-CS5001250 141 .100 MH=
Platoon Early Warning Systems
: AN/TRS-2CUJ1 DL-£5001250 1548, 925 FH2
Platoon Early Warning Systems

AN/TRS-2C(U)1 DL-E5001250 1439.600 MHz
Platoon Early Warning Systems

AN/TRS-2CU)1 DL-CS5001250 150.600 MHz

Case, Platoon Early Warning System, NATICK
EY=752%/TRS=-2U] 2=2-31% B15 N/A

Sensor Interface, Wire Link
‘ MX-973B/TRSS2(U) SH—=B-7B3145 N/A

Test Set, Receiver
153565/ TR5—2() SHM=0-783451 N/A

PEWS rev B BEW 30 August 1985 page A-1
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Appendix O 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 1368 Combat
Development Center (CDC) letter (CDCMR, 25 Nov 6B8) “subject:
Department of the Army Approved Small Development Requirement
for Platoon Early Warning Device (PEWD)”. 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 i
site *Usic)>® (U.,S. Acmy Infantcy School Hamdout Fer PEWS, May
1881, pg 6). The system was redesignated Platoon Early
Warning System (PEWS) as a result of an In-Process Review
CIPR) conducted on 11 Aug 72, which also approved the
Coordinate Test Program (CTP) for PEWS.

PEWS development work was performed by the Delco
Division of General Motors Corporation for the United States
Army Electronics Command at Fort Monmouth. - The PEWS was
designed to meet the development standards set forth by the
U.S. Army Electronics Command Development Discription, human
factor specifications, and cost specifications (design unit
to cost $1,206.14% U.S. 1974 Dollars). PEWS must satisfy the
requirements of the 1377 Develcopment Acceptance (DEVA) IPR
and must meet the requirements for a Small Unit Package
(SUP). These are the U.S. Army requirements for PEWS.

The Human Engineering and Design Evaluation (HEDE) Model
Review was held at Fort Mcnmouth and designated changes were
made to the detector and receiver control switches. The
design was completed and frozen in November of 1374.
Prototypes were built and reliability tests were performed
fFrom May until July of 1875. The tests revealed the
following; 1) Detector Failure: Due to insufficient internal
lead spacing in the 2N508B6 PNP transistor which allowed
ionization to form a conducting path, shorting the collector
to the emitter. 2) Receiver Failure: Due to threshold
drifting with operating time in the SCL4C3CAE Integrated
Circuit. Both Components were replaced, as a batch, and the
testing was reperformed. Re-testing occured frcm Aug. until
Sept. of 1875 and proved successful.

In 1878, government field testing of prototype units was
performed at; Fort Huachuca, Arizona; Fort Devens,
Massachusetts; Fort Bragg, North Carolina; Fort Greely,
Alaska. Deficiencies were found in detection,
classification, false alarm rate, durability, leakage,
fungus, and publications.
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Appendix D History of PEWS

In 18978, ISC won the contract to produce the PEWS.
A redesign was performed to facilitate automatic insertiaon
and automatic testing for production. Seriocus 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 Appendix I. In order to support the world
market, ISC began looking for a partner toc produce and sell
the PEWS overseas. Ferranti U.K. was chosen, and Department
of State approval was cbtained for the license agreement. In
18983, ISC went into production on the PEWS program. To date,
over 400C systems have been scld 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

€13  Thn=-11-5835-1047-10
Operator Manual for PEWS AN/TRS-2CU).

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

€3) Tactical Empldgment of the Platoon Early Warning
System (PEWS), by Thomas U. Roberson,
31 Marech 1877, Fort Benning.

Gt Material Fielding Plan for PEWS, 15 May 1880,
Fort Monmouth. .

(SN 5895 =10 7=24
Organizational and Direct Support Maintenance
Manual for PEWS, B September 13880, Headquarters,
Department of the Army.

(B N1 =5885-1047=23P
Organizational and Direct Support Maintenance
Repair Parts and Special Tools List for PEUWS,
20 October 13980, Headquarters, Department
of the Army.

¢7> ECEEBHN DMWR 11-5885-1047
Depot Maintenance Work Regquirement for PEWS,
31 October 1881, U.S. Army Communications and
Electronics Ccmmand.

PEWS Development Manuals

8> Platoon Early Warning System Engineering Program,
1976,
Q=P Platoon Early Warning System (PEWS) Develocpment

Plan, April 1877, Fort Monmouth.

10> Coordinated Test Program (CTP) for Platoon Early
Warning Device (PEWD), Detection Set AN/TRS-2C(U),
16 June 13972, Fort Monmouth.
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Appendix F

Manuals and Related Documents

LD

12>

€13)

Cl4>

PEWS Test

Coordinated Test Program for the Platoon Early
Warning System (PEWS) Production and Development
Phase, March 1877, Fort Monmouth.

Operational Test II of AN/TRS-2, Platoon Early
Warning System (PEWS) Final Report,
February 13877, Fort Bragg.

DT-11 Independent Evaluation Report for the
Platoon Early Warning System AN/TRS-2, March 1877,
Aberdeen Proving Ground.

Final Report for Initial Production Test of PEWS
AN/TRS-2)(VU) by Arthur Welander 18B80.

Set Manuals

CLES ST=11=—E6e5=a 784 =11

Operator/0Organization/Direct Support Maintenance
Manual for T.S., Receiver TS-35685/TRS-2CV),
28 July 13880, Headquarters, Department of the Army.

(168 Ti=11=-E625=-2/785=-2%P

€17 T 1

Organizational, Direct Support, and General
Support Maintenance for Test Set TS-35685/TRS-2,

M 11-6625-2784-24P, 39 December 138C, Headguarters,
Department of the Army.

1-6625—-278B4-34P
Test Set Receiver.

(18> CECOM DMWR 11-58385-2784

PEWS rev B

Depot Maintenance Work Requirement for Test Set,
Receiver TS-3565/TRS-2(VU), CECOM DMWR 11-58385-278Y4,
31 October 18B1, US Army Communications and
Electronics Command.
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Appendix F Manuals and Related Documents

MIL-P-439115SACEL) Military Specification PEWS AN/TRS-2CU).

MIL-STD-252B(EL) Classification of VUisual and Mechanical
Defects for Equipment, Electronic, Wired
and other Devices.

MIE=STH=45%D Standard General Requirements for
Electronic Equipment.

MIL-C-45662A Calibration System Requirements.

DL—-SHM—7831406 Detector, Anti-intrusion
DI-577CVU)/TRS=sCUY,

DL—-Sn—-B-783138 Receiver, Radioc R-1808(VU)/TRS-2CV).

PL=-5SMH=-B=78314%Y4 Sensor Interface Assy, Wire Link.

Sh-0—-78318% Schematic Diagram, Display Al.

SM-D-783185 Schematic Diagram, Decocder A2.

SM-D-78B3186 Schematic Diagram, Receiver, RF, A3.

SM=0=783215 Schematic Diagram, Sensor Interface,

Wire Link, (3R1).

Sh=8=783%2% Test Specification for Decoder (2AR2)
Circuit Card Assembly.

SH—-A—7288425 Test Specification for Display (2A1)
Circuit Card Assembly.

SM—A-7834256 Test Selected and Alignment Procedure for
Receiver RF Circuit Card Assembly.

SM-A-783438 Acceptance Test Procedure,
MX=8738/TRS=2¢Ud,

SM-A-783420 Test and Alignment Specifications for
Detector Circuit Card Assembly SM-D-783208.

SHN=A-783%35 Acceptance Test Procedure
BT SZZGUITRS—2/CU)L,
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Appendix G PEWS Detector Technical Characteristics

Physical:

Dimensions (Inches):
Length 6.6
Wwidth 3.8
Height 2.5
Weight (Pounds): 1.14% (with battery?
Uolume (Cubic Inches): 238.6
Operation:
Power/Mode Switch: toggle RF/0FF/WIRE
Test Switch: Push to Test
Code Plug (Programmablel:
Identification Number: 1 to 16
Area Number: 1 to B
Parity: On or OfF
Operating Temperature Range:

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

Power Consumption:
1.0 mA in Standby Mode
200 mA in Transmit Mode
Stabilization Time:
S Minutes after turn on
Detector Range:
10 Meters
Detection Capability:
Detect and Classify Personnel and Uehicles

Sensor Type:

Seismic: Geophone
Magnetic: Magnetameter
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Appendix G

Data Transmission:

Baud Rate: 30-40 Bits per Second
Error Detection: 0Odd Parity
Digital Word Length: 10 bits:
Start bit: 1 bit
Classify: 1 bit
ID: 3 Bbits
Area: 4 bits
Pacity: 1 bit
Range: 1500 Meters (.8 miles)
Wire Link:
Differential Output Driver (Internal)’
Field Wire: WD-3B6
Radio Link:
Radio Frequency Transmitter (Internal)
Power: 250 mW nominal (100-4S0mW @ 8 UDC)
Output Power: 100 mW (@ 5.5 VDC)
Frequency Bandwidth: 20 KHz
Fixed Frequency (set toc be same as Receiver)
Frequency Band: 138-153 MHz
Develocpmental Units:
145,350 fMHZ
148.925 MH2
152.500 MHz
Carrier Frequency Stability (RFJ): 40 ppm
Modulation Deviation:
Fl, > B8 KHz
F2 < 14 KHz
Modulation: Pulse Code Modulation
Frequency Shift Keying
Fl = 1508 36 Hz
F2 = 1800 " 45 'H=

Ancillary Component Requirements:

Seismic Ground Stakes: 2 ea.

9 Uolt Battery (Lithium Prefered): 1 ea.
Antenna (for Radic Link Mode): 1 ea.

WD-36 Field Wire (for Wire Link Model): 1 ea.
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Appendix H PEWS Receiver Technical Characteristics

Physical:

Dimensions (Inches):
Length 7.8
Width S 7
Height 1.8

Weight (Pounds): 1.86 (with battery)
VUolume (Cubic Inches): 52.5
Operation:

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

Display:
Self Test/Retest
Low Battery indicator at $5.5 UDC
New Detection
Area: 1 to B
ID: 1 to 1B
Classification:
P = Personnel
C = Carrier (Uehicle)

Wire Link Module (Wire Link Mode):
Area Select/Test Switch: rotary 1 to 9 and Test
S Input Pair Terminals
Grounding Terminal
Test LED (for Test Mode):
Normal, Steady On
Open/Short, Blinking

Operating Temperature Range:

=31 to +71 Degrees Centigrade
-25 to +1B0 Degrees Fahrenheit

Power Consumpticn:

B mA max. with Display OfFf (@ 8 VUDC battery voltage)
2S5 mA max. with Display ON (@ 8 UDC battery voltage)
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Appendix H PEWS Receiver Technical Characteristics

Data Reception:

Baud Rate: 30-40 Bits per Second
Error Detection: Odd Parity
Digital Word Length: 10 bits:
Stapt bit: 1 bit
Classify: 1 bit
ID: 3 bits
Area: 4 bits
Parity: 1 bit
Wire Link:
WD-36 Field Wire
Radio Link:
Radio Frequency Receiver (Internal’
Sensitivity: 0.4 uV min. @ 40 KHz Bandwidth max.
Local Oscillator Frequency Stability: 30 ppm
of Oscillator Frequency
Spuricus Response:
O Spurious Respconse Signals < +35 dB
above 1.0 uwV
1 Spurious Response Signal < +40 dB
above 1.0 uV
Desensitization: @ 1.0 uVU signal-operate properly
with undesired signal allowed: frequency
with spuriocus response @ 20 mVU @ > +10 %
of Oscillator Frequency
Rejection Ratio:
IF @ >» S0 dB
Image @ > 45 dB
Local Oscillator Radiatiaon:
100 uV max. across 50 ochmlcad
Fixed Frequency (Set same as Detector)
Frequency Bandwidth: 20 KHz
Frequency Band: 133-153 MHz
Developmental Units:
145350 MHZ
148,925 MH=2
152 .500 MHz
Demodulation: Pulse Code Modulation,
Frequency Shift Keying

Ancillary Component Requirements:

8 Uolt Battery (Lithium Prefered): 2 ea.
Carry Strap: 1 ea.

Antenna (Radic Link Model: 1 ea.

Antenna Adapter (Radioc Link Model): 1 ea.
Wire Link Module (Wire Link Model: 1 ea.
Grounding Rod (Wire Link Model: 1 ea.
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Appendix I ISC Corporation redesign Changes

List of PEWS Equipment Redesign Changes

Receiver:

Redesign housing (Aluminum Die Cast)

Relayout Printed Circuit Board for Auto-insertion
Redesign Printed Circuit Board support structure
Redesign receiver front end to eliminate
oscillation

Environmentally sealed

* % ¥ ¥

*

Detector:

Redesign housing (Aluminum Die Cast)

Relayout 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
Incorporate self test feature

Redesign transmitter for proper power output and
temperature compensation

Incorpcrate field programmable code plug
Environmentaly sealed

* x ¥ ¥ K x ¥

* ¥

Wire Link adapter:
* Redesign housing (Molded Plastic Assembly)
* Relayout Printed Circuit Board for auto-insertion
* Redesign Printed Circuit Board location and
test switch

Carrying Case:

* Heavy-Duty Duck carrying case
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Appendix J PEWS Marketing

PEWS Demos:
1880

Belgium, 21 Nov.
Federal Republic of Germany, 21 Nowv.
Netherlands, 21 Nov.

1881

Australia, 24 Jun.
Egypt, 30 Sep.
Greece, 16 Jun.
Indonesia, 30 Jun.
Japan, 2% Jumn.
Korea, 24 Jun.
Malaysia, 30 Jun.
New Z2ealand, 24 Jun.
Philippines, 3C Jun.
Singapore, 30 Jun.
Spain, 3 Dec.
Switzerland, 3 Dec.
Taiwan, 22 Jun.
Thialand, 30 Jun.

1982
Abu Dhaki, 7 Sep.
Egiipt, 30 Jum.,

Kuwait, 1 Mar.
Pakistan, 7 May.
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Appendix J PEWS Marketing

PEWS Sales:
1880

Norway, 3 Oct.
P.0. BBE32, 2 @a. (UJ2

Sweden, 12 Aug., 150.6 MHz
P.0. BB333, 3 ea. CUIY (U35, H sa. CUIBE

1881
United Kingdom, 13 Aug., 133.25 MHz
P.0. BB322, 3 ea. UI3
P.0. B6321, 1 ea. (Ud3 kit
1382

Poctugal, 16 Jun. (139.1 MH2)

PEWS Repairs:
18981

Norway, one system returned for repair, 3 Sep.
Sweden, one system returned for repair, 20 Aug.

13982
Suweden, cne system returned for repair, 7 Jun.

two detectors returned for repair, 27 Aug.
Portugal, two detectors returned for repair, 30 Jul.

PEWS rev B BEW 30 August 1885 page J-2



Appendix K

PEWS Fi Iest Pr

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

marketing, quality assurance,

1) The test field (controlled areal) was
approximately 130 meters square.

2) The Base line was extended toc S50 meters on
either side of the emplacement.

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

4) The target line distances (from the baseline)
were increased:

5 meter
10 meter
15 meter
20 meter
30 meter

These changes uwere

line
line
line
line
line

made

to
to
to
to
to

in

detecticon range of the system.
modified detectors are not expected to indicate personnel
intrusicns beycnd S0 meters.

10 meters
20 meters
30 meters
40 meters
5C meters

order to determine the target
Under optimum conditions,
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Appendix K PEWS Field Test Procedure

SEISMIC FIELD TEST PROCEDURE

Platoon Early Warning System (PEWS)
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Appendix K PEWS Field Test Procedure

1.1 men £ ign

The Platoon Early Warning System (PEWS) is a
lightweight, weatherproof, battery-powered, ccmpact, tactical
intrusion detection system designed for use by small units
such as platcons, squads, and patrols. Tha PEWS consists of
ten seilsmic/magnetic detectors, two receiver/monitors, two
wire link modules, and ancillary components packaged in two
canvas carrying bags (see Figure 1).

The PEWS detectors (see Figure 2) are easily concealed,
remcte, hand-emplaced ground sensors. The detector will
adjust itself to 1ts surroundings electronically, and
indicate the presence of intruders within a range of ten
meters. Detector settling time is approximately five
minutes. The intrusion signature, both seismic and magnetic,
is validated, analyzed, and classified as either personnel or
carrier (vehicle). The classified message 1s digitally
encoded and added to the programmable “area,” “ID,” and
“parity” codes. The message, a digital word, is then
transmitted to the receiver/monitor by one of tuwo
transmission mediums: the Radio Frequency (RF) link, and the
Wire link. When the RF link mocde is selected, the digital
word modulates the radio Frequency Modulated (FM)
transmitter. When the Wire Link mode is selected, the
digital word modulates the differential line driver.

The PEWS receiver/monitor (see Figure 3) acquires the
message through a) the Wire Link Module (via field wire),
which would be attached toc the receiver when the Wire mode is
selected, or b) the radio receiver section (via radiated (RF)
energy and antenna) when the RF mode 1s selected. Intrusion
detection is indicated by an audible tcne and the light
emmiting diocde (LED) display. The LED display registers the
detector identification number and the type cof detection for
each originating detector i1n the network. Updated intrusions
are also i1ndicated and will be held in memory until the
receiver/monitor 1s reset by personnel.

1.2 Purpose of Test Procedure

This test procedure shall be used to test the Platocaon
Early Warning System (PEWS) in an enviraonment emulating the
expected gperating environment. PEWS units that do not pass
the requirements of this performance test shall be classified
as rejects, and labeled as such.

This procedure can be used to perform system
demonstrations, to screen systems for demaonstrations and
sales, and to aid personnel i1n beccming mcre fam:iliar with
the PEWS. This procedure assumes the cperator has read
and/or will refer to the applicaktle documents menticned in
2.1 below.

PEWS Field Test BEW 06/20/8S page 3
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2.0 TIESTING SUPPORT REQUIREMENTS
2.1 A men
2.1.1 (Qperators Manual, Headguarters Depactment of the
Army, TMII-5895-1047-10
Rl L= n ign n i Main n Man
t m A

THI1=5S895-10%7~23

2.2 Iest Eguipment and tools

2.2:.1 'Shovel.

a2.2.8 Pick.

2.2.3 Hand Spade.

2.2.4 Rake.

2.2.5 Tape Rule (30 meter, metric preferred).
2.2.6 Field Marker Flags (small).

2.2.7 Thermometer C(hand held).

2.2.8 Chronometer (portable or wristwatch).
2.2.9 Compass.

2.2.10 Uoltmeter, Simpson mocdel 260 or equivalent
(battery operated), for optional AGC measurements.

2.2.11 Chart Recorder, Astro-Med or equivalent
{battery operated), for cptignal seismic measurements.

2.2.12 Log Sheets and writing implements, such as clip
board, pencils, scratch paper, labels
(self-adhesive), stc.

2ed n 9] ifi n

The PEWS is praesently configured toc operate on a number
of different factory set frequencies. Please verify that the
character(s) following the "(U)” on the serial tag
(AN/TRS-2C(U)JN) is the same for all cof the units 1n the
system. This i1s the frequency i1dentification character. All
of the units must be on the same frequency in order for the
system tc operate as a whole.

PEWS Field Test BEW ' 06/20/8S page 4
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Appendix K PEWS Field Test Procedure

L ion lection

Testing should be performed on a moist (not wet or
muddy?, fairly level, and smcoth surface. These parameters
take perscnnel safety i1into ccnsideraticon, and are not
necessary for the operation of the PEWS. The testing area
should be large encugh tc provide reasonable isclation from
possible forms of interference, and to allaow ample room for
participants and cbservers to be clear of the target range on
all four sides (approximately 70 meters wide by 70 meters
long is suggested) (see Figure 8).

The test site locaticon should be far from heavy traffic
(main roads, highways, bicycle paths, etc). The site should
likewise be situated such that PEWS testing does not become a
public spectator sport.

% fiops ment

The PEWS detector is a ground sensor and must be placed
in the grourd, with ground stakes attached, for proper
seismic ccupling (see Figure 4). For convenience, the RF
mode will be employed for field testing and demonstrations
unless otherwise specifically requasted.

3.2.1 Dig a shallow trench (apprcximately 4 inches deep) in
the middle of the testing area <see Figure B6).

3.2.2 Insert the seismic ground stakes snugly (by
careful rotation) intoc their threaded mounting holes,
located on the bottom of the detector. Repeat for
each detector (see 2.1.1 and Figure 2).

3.2.3 Install the antenna firmly on the threaded antenna
past, located on the taop of the detector. Repeat
for each detector (see 2.l.1 and Figure 2J.

3.2.4 Program the code plug as per 2.1.1 above, 1f not
previgusly performed (ncte: each plug should have
a unique detector identity (ID) number, but the
same area number. Cut the parity (red) wire on cocde
plugs which have an cdd number of wires. It is
helpful to identify the detectors 1 through 10 for
our purposes). Write the [0 and area numbers on a
label and affix the label to the top of the
detector. Insert the identity plug into the keyed
connectar, laocated in the battery compartment on
the fFront side cf the detector. Regpeat fcr each
detector remembering to give each detector a
separate identity number I‘see Figure 2.

PEWS Field Test BEW 06/20/8S page S

PEWS rev B BEW 30 August 1385 page K-B



Appendix K

PEWS Field Test Procedure

J:2.12

Connect and install a fresh S volt battery in the
battery compartment, located on the front side of
the detector. Repeat for each detector (see 2.1.1
and Figure 2).

Cannect and install fresh 8 volt batteries (2 ea.)
1n the battery compartment of the receiver, located
on the bcttom of the recsiver. Repeat for each
receiver (see 2.1.1 and Figure 2).

Place each detector firmly in the ground (trench),
starting with 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 side of the field (see Figure S).

Install the receiver antenna adapter securely in
the antenna socket, located on the top of the
receiver. Install the receiver whip antenna stably
1n the antenna adapter, located on the taop of the
receiver. Repeat for each receiver (see 2.1.1

and Figure 3).

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

Set all of the receivers to the same area code as
the detectors (see 2.1.1 and Figure 3).

Push the TEST button aon the detector, wait a few
seconds, and observe the propecr [D number on the
receiver display. - The number displayed should

be the same as the [0 number on the detector label.
If you do not read the proper [0 number on the
receiver, check the ID plug for the correct

ID0 code (corresponding to the label), check the

S volt battery, or discard the detector as reject,
subject to later intensified testing. Repeat for
each detector and receiver (can be performed
simultaneously on receivers) (see 2.1.1, Figure &2,
and Figure 3).

In the case of Optiocnal Testing, modified (spare)
detectors should be deployed in the same manner as
the others mentioned above (see 3.2.2, 3.2.3, 3.2.4
3.2.5, and 3.2.11). The recording, transmitting,
and/or cther related devices should be connected to
the predetermined detector output leads and placed
behind the detector ground emplacement (see Figure
S and Figure 6). For convenience and detector
isclation, an RF data link 1s reccmmended betuween
the detector and the associated egquipment (see 4.%).
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Appendix K

PEWS Fj T

personnel performing the test.

3.2.13 Fill in the open trench around the detectcrs,
lightly covering the top of each detector with saoil.

3.3

Field Markers

Field markers (flags) will be used as an aid to the

beginning and end of each target path (see Figure 6).

3.3

Target paths run parallel with the reference base
line (see Figure B).

The base line is an imaginary line which runs
through the front of each detector (see Figure S).
Each detector is perpendicular to the base line.
The base line is the line of target travel of the

detectors. The base line extends 30 meters on each

side of the detector array (see Figure 6).

The target linmes run parallel to the base line,

at specified distances from the base line.

The distances are; S 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 (see Figure 6). i

Set up field markers at the

PEWS Field Test BEW 06/20/8S page 7
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Appendix X PEWS Field Test Procedure

Allow sufficient sattling time (at least five minutes)
before beginning each part of the test. It is during this
time that the AGC amplifier i1s adjusting the system gain for
proper target detection. Seismic disturbances of any nature
will be acknowledged, averaged, and adapted for by the AGC
amplifier.

4.2 FEjeld Test Log Sheets

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 (beginning and ending),
temperature, approximate wind speed and direction, direction
of target travel, detector indications and false alarms, etc.
(see Figure 7).

4.3.1 The person acting as the target should walk the
length of each target line, beginning with the
S meter target linme, and ending with the 30 meter
target line. Again, appropriate time (five minutes)
should be allowed between target line walks.
The person(s) acting as the observer should record
any receiver indications and notes,such as;
“detectors 2,5,6, and 7 picked up passing
helicopter” (see Figure 6 and Figure 7).

4.3.2 The persons (two) acting as the target should
walk the length of each target line, beginning with
the S meter target line, and ending with the
30 meter target line. Again, appropri:ate time
(five minutes) should be allowed between target
line walks. The person(s) acting as the observer
should record any receiver indications and notes
(see Figure 6, Figure 7, and 4.3.1).

4.3.3 Repeat 4.3.2 with three people acting as the target.
Coptiaonal).

4.3.4 The PEWS perfarmance should be an 85% detecticn
rate, for personnel targets of nominal weight and
speed, at the 10 meter target line. This is a
minimum requirement, and the properly aoperating
PEWS will perform in excess of this requirement.

PEWS Field Test BEW 06/20/85 page B
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Appendix K PEWS Field Test Procedurs

Other requirements are called cut in 2.1.1 and
2.1.2 above and may be of a cosmetic nature,
however, the requirement stated above is our
primary concern fFor this test.

“.4 Qptional Testing

Optional testing is performed for circuit evaluation.
The optional testing may include, but is not limited to;
seismic signal recording (both "raw” and amplified), and AGC
reference voltage. For our purposes, tha optional testing,
if performed, will be seismic- and AGC-related and will be
performed on specifically modified detectors (spares). These
tests may help our evaluation of background seismic noise
versus AGC voltage (performance). The use of an RF data link
between the modified detector(s) and the asscciated equipmant
and/or devices 1s advised (Refer to 3.2.12). The procedures
below are a supplement to secticon 3.2 above.

4.4.1 Seismic Information Recording

(a) QOutput from the detector can be from either the
geophone or an amplifier stage. ODuring
modification, coded wires should have been
attached to the appropriate places inside the
detector and run through an gpening in the
detector case. The code plug should have been
programmed and the detector labeled. Again be
careful not to use the same ID number on two
separate detectors, but maintain the same
area code.

(b) Assemble the detector(s). (see 3.2.2, 3.2.3,
3.2.5, and Figure 2).

(c) After emplacing the detector(s) (see 3.2.7),
connect the relative detector output to either
the recording device(s) or the RF data link
transmitter(s). Connect the RF data link
receiver(s) to the relative recording device(s)
if the RF data link is utilized. Adjust the gain
and record speed controls on the recorder
as required.

(d) Turn on the detector(s) (see 3.2.9 and Figure 2).

(e) Turn on the RF data link, if used.

PEWS Field Test BEW 06/20/85 page 9
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Appendix K PEWS Field Test Procedurs

4.4.2 AGC Voltage Recording

(a) Detector(s) should have been modified
(see 4.4.1.(a)) for the desired test.
The needed connecting wires should protrude
through the detector case.

(b) Assemble the detectcr(s) (see 3.2.2, 3.2.3,
3.2.5, and Figurse 2).

(c) After emplacing the detector(s) (see 3.2.7),
connect the relative detector(s) output to either
the recording device(s) and/or voltmeter(s) ar
the RF data link transmitter(s). Connect the
RF data link receiver(s) to the relative
recording/reading device(s) if the RF data link
is utilized. Adjust the gain and record speed
controls on the recorder and the range on the
valtmeter (if used) as required.

(d) Turn on the detector(s) (see 3.2.3 and Figure 2).
(e) Turn on the RF data link if used.

(F) If using the voltmeter, periodic (every five
minutes) readings should be recorded.
Personnel recording this information may use
scratch paper or the field test log sheet
(see Figure 7).

4.5 Clegan Up

In order to prevent damage or loss of the equipment and
tools, the test site should be taken down shortly after the
test or demonstration. This will also encourage a favgorable
attitude with the property ocwners toward future testing.

4.5.1 Turn off and remove the batteries from the
detectors and receivers (see 2.1.1 , Figure 2 and
Figure 3).

4.5.2 Turn off the RF data link and cpticnal test
equipment, if utilized. Oisconnect the RF data link
transmitter from the detectocr and the RF data link
receiver fram the recording/reading equipment if
employed. Prepare all test-related equipment and
ancillaries for transportation (see 4.4).

4.5.3 Remove the detector antenna from the detector, and
store the antenna in one of the canvas carry bags.
Repeat for all detectors (see 2.1.1 and Figure 2).

PEWS Field Test BEW 06/20/8S page 10
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Appendix K PEWS Field Test Procedure

4.5.4 Remove the detector seismic ground stakes fFrom the
detector, and store them in one of the canvas carry
bags. Repeat for all detectors (see 2.1.1 and
Figure 2).

4.5.5 Store all detectors in the canvas carry bags. The
cade plugs and labels may remain aon the detectors if
designated a demonstration or evaluatiaon PEWS.

4.5.6 Remove the receiver antenna from the receiver/manitor,
and store it in one of the canvas carry bags. The
antenna adapter may remain on the receiver/monitor.
Repeat for all receivers (see 2.1.1 and Figure 3).

4.5.7 Fill in the trench and firm up the soil on the
surface.

4.5.8 Collect the field markers.

4t.5.9 Place the field test log sheets and other tesst
data, if any, in the log book for fFuture reference
and tabulation.

4+.5.10 Police the testing field.

4.5.11 Collect all tools, equipment and other company
property for tranportation, pack up and go home.

PEWS Field Test BEW 06/20/8S page 11
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Appendix K

PEWS rev B

PEWS Field Test Procedure

S.0 Eigures

The following figures will act as an aid in following
the test procedure. The figures are fairly accurate and
should be applied to assembly and emplacement. The Field
Diagram (Figure 6) is to be used as a guide, but may differ
from location to location (for example: the unused area to
the rear of the detector array is not used and therefore may
be geologically different from location to location).

PEWS Field Test BEW 06/20/8S page 12
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Appendix X

S.1 Figure 1 Platogn Early Warning System CPEWS) ,

AN/TRS-2(UIN (N=1-B6)

CCMPONENTS

(two bags, each ccntain:ng:
A, ¢ Canves Carry:ing Case

B8 (12 Receiver

C. (1) Heacset

C. (1) Rece:iver Antenna Adapzer

PEWS Field Test BEW 06/20/8S

Figumer 8,17 .1 Platoon Early Warning System
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Appendix X

PEUS Fi

Ul
nu

Figure 2 PEWS Detector (grogund sensor),

DT-577C(V3/TRS-2CV)

Dats Post (Wire L:~k "ode)
Battery Ccmpartment
Antenna

RF/CFF/w Swich

Test Button

Seismic Ground Stake

PEWS Field Test

BEwW 06/20/8S

page 14
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Appendix K

PEWS Field Test Procedure

S.3 Figure 3 PEWS Regeiver (receiver/monitor),
R-1808(U)/TRS-2CV)

Antenne

Antenna Adapter

Antenna Socket Display Window

Oiplay/Tone/OFF Switch
Area Switch

Headset Connector

Test/Resat Button

serial tag

Battery Compartment

PEWS Field Test BEW 06/20/8S page 1S
Figurs 4.11.3 PEWS Receiver (receiver/mcnitor)
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Appendix K PEWS Field Test Procedurs

S.4 Figyrs 4 PEWS Detector In Grgund

v ‘ "‘/‘ A _-Al e !: .".‘ £ - | ; v k\
IR S o s
//// Z 2= B ]
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Figure. ‘t.11 .4 PEWS Detector In Ground
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PEWS Field Test BEW 06/20/8S page 17

Eigiice %$.11.5 PEWS Detectcr Ground Emplacesment

PEWS rev B BEW 30 August 1985 page K-18B



Appendix K PEWS Figld Test Procedurs

S.6 Eigure 5 Field Diagram

Observers Optiornal Data Receiver
and and
Monitors Optional Test Equipment

Target Line

10 meters

20 Meter Target Line
4
meters

i
T

Target Line

Target Line

Target Line

Base Line

30 meters

Detector Ground Placement
Optional Data Transmitter

aor
Optional Test Equipment

A =Fiald Markers (fFlag)

70 meters by 70 meters
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PEWS Field Test Procedure

Appendix K

S.7 FEigure 7 Field Test Log Sheets
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Appendix L Documented PEWS Field Tests

ni in m

A number of tests were conducted, using both personnel
and vehicles in a variety of scenarios. These tests intended
to simulate different types of targets the PEWS might
encounter in actual field usse.

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
reasaons for poor system performance were seismic
characteristics of the soil and AGC desensitization by rain.

Date: January to March 13881

Conducted by: Surveillance Target Aquisition and
Night Observation Center (STANOC)

Location: United Kingdom: Northern Ireland
Essex
New Forrest
Nottingham
Salisbury Plain

Attendees: Lt. Colonel Bolton Clark British Army

Major John O'’Brien - British Army

Sergeant John Cox - British Army

Keith Proeter - Ferranti/Cheadle Heath
Ian Miller - Ferranti/Cheadle Heath
John Hartley = ESIL

Larry Schick = IESH

Date: 7 to 10 July 1881

Conducted by: Surwveillance Target Aquisition and
Night Observation Center (STANOC?

Location: United Kingdom: Salisbury Plain

Attendees: Major John O0’Brien - British Army
Sergeant John Cox - British Army
Sergeant Tony Kavanagh - British Army
Keith Precctor = Ferrartld
Ian Miller = Ferranti
Larry Schick = ESI
Al Jodzio =SESHE

PEWS rev B BEW 30 August 13985 page L-1



Appendix L Documented PEWS Field Tests

weden
The results of these tests show that personnel and

ski-troop intrusions were not properly classified when
detected. Distant aircraft were classified as personnel.

Date: 17 February 1882
Conducted by: Swedish Army
Location: Suweden

Attendees: Un-named members of the Swedish Army
Un-named representatives of Ferranti

PEWS rev B BEW 30 August 1885 page L-2



Appendix M PEWS Raw Field Test Results:

Lancaster County Park

n 0 _meter Tar ine Results

Modified Detectors
R 14 = 2 megohms

Det. sai:e Test Test Test Test Test Test Test
1D# (ohms2 #1 #2 #3 #4 #5 #65 #7
1 2.0 M C C PC P p )
= = A el = C = o e = PEE
3 3.3 M1 P RRE PR c c

o SHiEEH £ B 2 BAIE P E

5 4.7 M P C P P PC PC PC
S Sl el iy P P e PC BRE
7 =l sty &= P P E
8 3.9 nM & P P C P C P

g 2.7 M c P e E £ E
10 = &8y P P C P P P
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Appendix M PEWS Raw Field Test Results:

Lancaster County Park

Tabulation of 50 meter Target Line Results

Modified Detectors
R 14 = 2 megohms

Det. 53%35 Test Test Test Test Test Test Test
1D# (ochms) #1 #2 #3 #4 #5 #B6 #7
1 20 it £ & P C © P P
3 3L 3N N/Aa N/A P
= 5B N/A N/A P P
5 LT A N/A N/A B B

B S0 N/A N/A P

7 3.3 M N/A N/A p P

8 i Jis N/A N/A P P
9 A Z il N/A N/A E =

10 2.4 N/A N/A P
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Appendix N PEWS Technical Analysis:

The following is a technical analysis of the PEWS
detector circuit, written by Arther 0O’Connor.

The purpose of this analysis, 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 (AGC) Circuit Analysis

Simplifying Assumpticns:

See Figures 4.14.1 and 4.14.2 for schematic diagram

representations of the argument.

Qy , Qg , and Qg all have a Beta greater than 10 at their
respective operating collector currents (this is reasocnable,
since low noise, small signal NPN Silicon transistors
generally have minimum Betas of 50 and typically 100 at

Ic = 5 uAmp).

Ug will switch very rapidly (as Qg switches) therefore
only switching conditions for Qg will be considered.

For analysis purposes (we are going to determine the
relative impact of changing RgaT, the Select At Test
resister, nct absclute switching veltages) Ryi3 will be
ignored.

Cascaded gain cf preceding stages, and Autcmatic Gain
Control (AGCY are sufficiently high so that with the AGC
loop clcsed, the cutput noise level will be determined
only by the AGC detector in action.

Frequency of interest is 15Hz.

AGC action starts when the incoming signal is just large
enocugh tc turn Qg cff.

PEWS rev B BEW 3C August 1388S page N-2



Appendix N PEWS Technical Analysis:

L 3=) | +8Y +5V +SYV
RI3 SAT RIS :2'!‘6
IOOK L IM AGC OUTPUT
4{%— ]
c4|"|7 " QS Qe
Q4
AMPUFIER
OUTPUT
470K, -
Rl % SAT RANGE 2.2M TO 6-2M

Figure 4.14.1 Detector AG chematic

+5
+5

RIS
SAT lIE IM

100K
RI3

AAA *| |=

4.4
E9 C) il
Y \Y

Figure H$,1% .2 Simplified Circuit

Used for Analusis
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Appendix N PEWS Technical Analysis:

ANALYSIS

Qg is off when Ig =0 , Uggp = O
Conditions at DS are:

IR - Sy

RsaT
I = C dE
S E=g
gt
IE Eg = A sin Cwt)
Then gig = A w sin Cwt)

Eor IB = 0

I = Ig peak

5 - Cll (A w cocs (UJT))wt_O
Reat

5 . Cll A w

RsaT

AESISEHZE W - e Phgd Sf L el B IER01SH

A = =
4.7 X 10 ©(5.28)(15)Rgat
A = s x 106 - _1.13 x 10%

For Rgat = 2.2 megohms
A = 5.1 mV (peak)

For Rgat = 6.2 megochms
A = 1.B mV (peak)

This represents a 8 dB (20 log 5.1/1.8B) possible
spread in the threshold sensitivity of the AGC detector!
The impact of this difference is gquite dramatic and
explains the appearent total disabling cof scme PEWS units

in high noise environments (ng detector ocutput even at
distances as clcse as 1 meterl). See Figure 4.14%.3.
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Analysis:

Acpendix N
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RI2

Q7
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PEWS Technical Analysis:

The AGC amplifier output (Emitter of Qy) is 4.7 times
the AGC voltage calculated above.
2.2 megohms A = 24 my
6.2 megochms A = B.45 mu
Q-’s switching voltage is:
Ig = Cipad
dt
5 - (4.7 x 1076y (8.28) 15) Ay
1.5 ¥ 10"
ﬁs ik 5
1.5 €1.7) €6,283 (153
Ag = 7.53 x 1073
ug = S x <10 x 103 + 7.53 x 1073
1.8 X 10~
US - 40 mV
From prior testing
Aamplifiser gpen logp gain is about 73 dB = 445 X 103
Seismic sensitivity is 146 mU/ .32 in./sec. or about
180 uV/.001 cm./sec.
The zeroc ncise system detecticn sensitivity can be

calculated.

S = Vg = 4o0x1073 - 8w
B~ G.45 ¥ 103
Sqg = 20 leg _8 = -26 dB RE
180

System detecticn sensitivity for noise
RE .001 cm/sec.

‘0
in

rev BEW 30 August 1885

is highly dependent on Rgat-

.001 cm/sec.

= =20, dB

page N-B



Appendix N

PEWS Technical Analysis:

For Rgat = 2.2 megchms

Amplifier output ncise = 24 my

Input nogise = 180 uVU - 20 dB

= B0 SRR
10
Gain = _Output = 24 x;;g:? - 1,33 % 10°
Input 18 X 10

Ug = GC(S + ND

S = 40 X 1073 = ¢1.33 x 103> ¢5 + 18 X 1076

s = 18 X 108 = 30 x 1075

5 = 12 X 1076

S dB = 20 log 12/180 = -23.5 dB RE .001 cm/sec.
For Rgaqtr = §&.2 megchms

Amplifier cutput noise = B8.46 mU

Input noise = 18 uwV

Gain = _B8.46 x 1077

18 X 107°

G(S + N) = 4C mu

(s + 18 X 1076y¢.47 x 103y = 4o x 1073

s +18 Xx 106 = g5 x 1076

s = B7 x 1076

S dB = 20 log 67/18C = -8.5 dB RE .0Cl1 cm/sec.

For Noise =16 4B RE
sensitivities are:

.00

2.2 megchms S dB
E.2 megohms S dB
PEWS rev B BEW 30

1 cm/sec. the respective

dB RE .001 cm/sec.

dB RE .001 cm/sec.

August 13885 page N-7



Appendix N PEWS Technical Analysis:

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

Vin X Ggpen Loop VUTHRESH
(U (.45 X 103) = B.46 X 1073 U

UIN - 1 .88 u\d
Uiy = (approximately) -4C dB RE .001 cm/sec.

This noise level is a very gquiet seismic environment.
At all noise levels higher than this, PEWS detectors with
2.2 megohm Rgat will have a substantial advantage over
those with higher values of Rgar. Figure 4.14%.4%
illustrates the difference in range caused by Rguap fOr a
target of 1 man walking on various scil types.

PEWS rev B BEW 30 August 188S page N-8
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PEWS Technical Analysis:

VS

SEIMIC LEVELS

RANGE AND SOIL TYPE
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Appendix N PEWS Technical Analysis:

RECOMMENDAT IONS

1. Use a fixed value of 2.2 megohm for R,y (Rgap? in all
PEWS detector AGC amplifiers.

2. Eliminate all of step 6.1 of Test procedure drawing
No. SM-A-7B83420.

3. Capacitcrs Cy4., and Cjpp should be ultra low leakage
types. They should be 100% tested for leakage of
less than .1 uA DC at 5 VDC and 20 C. They should
be sample tested for the same electrical
characteristics ogver the full PEWS operating
temperature range. These capacitors should be
+ 5% (or better) tolerance units.
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Appendix O

Seismic
Ground
Sensor

PEWS Detector Algorithm

Magnetic
Flux
Sensor

Input NO NO Input
Within {———¥ STOP Within
Passband? Passband?

l YES l YES
Input Input
Amplitude NO NO Change
S dB Above ——» STOP [ More Than
Background? 4 Gamma®?
YES

l YES

Persgnnel Branch

Ughicle Branch

A 4 \ 4
Step Rate NO NO Less Than
2EeNS o M STEER F———————— 200 mS
Seconds? Spacing®?
lYES l YES
Count NQO NO Minimum
10 or More ——» STOP &— 2 Sec.
Footfalls? Duration?
YES l YES
NO Signals
STOP &——Coincident
2.3 Sap.?

Indicate
Personnel
Intrusion

PEWS rev B

Indicate
VUehicle
Intrusion

BEW 30 August 1885
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Appendix P MK-IX Class I Starship Heavy Cruiser
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Appendix P MK-1IX Class 1 Starship Heavy Cruiser
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