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EVALUATION

The objective of this effort was to investigate a technique for
the development of a line transducer that showed promise for both
reliable operation in frozen ground and ease of installation. The
transducer consists of an insulated wire loosely laid within a
hollow metallic tube. Vibration of the loosely laid wire, caused
by an intruders footsteps, results in a change in capacitance
between the wire and the outer metallic tube that is easily detec-
table. v

This study investigated several configurations for possible use

in Base and Installation Security Systems applications. The configura-

tion chosen for delivery is the easiest to manufacture and requires the
I - simplest electronics for operation. The four transducers delivered
are undergoing an evaluation program to obtain a better understand-
ing of the principle of operation, obtain a signature data base on a
variety of targets and non-targets and to determine the necessary
work to develop this transducer into an operational sensor. Assuming
a successful evaluation program, this work would be transitioned to an
advanced development program. This work was accomplished under RADC
Technical Planning Objective-7.

\ i i lq { .
%,‘,(Z&'Ans -// j./u‘ -

‘ WILLIAM F. GAVIN, JR.
Project Engineer




1. TINTRODUCTION AND OPERATING PRINCIPLE '

The wire-in~tube or WIT sensor consists simply of a metallic
tube with an {nsulated wire loosely laid within it. This arrangement
forms a distributed capacitor, whose nominal capacity may he changed
by a deformation or mechanical disturbance of the tube, as long as

there 1s a net change in the wire-to-tube geometrical relationship.

Since the insulated wire is loosely laid, it does not
mechanically contact the inside of the tube at all points, but only
periodically. Next to each touching point is a region of high capacity
and mechanical freedom, which provides sufficient sensitivity to enmable
the detection of a capacity change due to a person walking across a
region containing a WIT sensor. The buried depth is approximately

eight inches; the sensor length may be one hundred meters or more.

There are several mechanisms for producing a change in the
wire-to-tube relationship. Pirst is called the displacement mode. As
an intruder crosses the ground above the sensor, the depression of the
earth causes a slight bending of the tube. The resultant shifting of
the wire between the touching points is enough to produce a readily
detectable capacity change, which occupies the frequency band below 1 Hz.
The second mechanism has been named by us as the "strumming” mode. Impact
of the intruder's footsteps causes the wire to vibrate or "strum" between
the touching points. These natural frequencies are in the 20 Hz to 100 Hz
band. Above these frequencies lies the accelerometer mode, whereby the
inertia of the free parts of the wire causes these parts to tend to remain

stationary while the tube vibrates relative to them.

Both the displacement and strumming modes have interest for
intrusion detection applications, if the capacity changes can be
easily detected. Aithovgh there are methods of directly detecting




capacity changes, we have decided instead to transform the capacity
changes to voltage changes. This can be done by biasing the wire with
a high voltage impressed through a large resistor (the technique used
with condenser microphones), or by choosing an insulating material
which contains trapped charges, such as Teflon irsulation. Microphnnes
that use the technique of trapped charges are known as "electret"
condenser microphones. The internal charge can be trapped by heating
the dielectric above the curfe point and cooling it while in the
presence of an electric field. A certain amount of charge is trapped,
however, through the normal manufacturing process for Teflon covered
wire, and we have found this electret charge equivalent to several
hundred volts of bias, providing ample sensitivity for intrusion
detection with only modest amplifier requirements. This electret

bias appears to be adequately stable with time, after an initial decay

in sensitivity encountered after manufacture.

The scope of work on this contract includes some exper imentat ion

to optimize the WIT configuration, and the construction and delivery of
four 100 meter systems suitable for testing by the Air Force.

Some of the following material is proprietary in nature,

representing work done that is outside of the scope of this contract,
These paragraphs and figures have limited rights and are indicated as

such by the symbol "LR" in the margin adjacent to the paragraph or figure
in question,




2. METHODS OF DETECTING THE CAPACITANCE CHANGE INCLUDING
THE USE OF BIAS VOLTAGES AND THE INTERNAL
POLARIZATION OF CERTAIN INSULATION MATERIALS

The first series of tests was done in the laboratory. These tests
were conducted to further our knowledge of the electret wire and the

particular configuration which we have been using.

Figures 1 thru 5 demonstrate the signal response of a 6 ft long,
1/4" 0.D. WIT (wire-in-tube) line sensor using various wire sizes. Note that
the #26 wire had the best overall response, especially to low frequency
excitation. The data on these figures has been normalized to 200 V for
comparison purposes. The instrumentation used to generate. these relation~
ships is shown in Fig. 6. Here, a vibrator is driven by a power frequency
generator to a desired frequency and amplitude as monitored by the oscillo-
scope connected to the pickup coil. The WIT output is connected to a
high input impedance amplifier, the output of which is connected to an
oscilloscope for monitoring. As the frequency is varied throughout the
range of interest, the amplitude i{s adjusted to compensate for

mechanical resonances and other effects.

In order to aid the mechanical optimization of the WIT line
sensor, a mathematical model was developed which relates the distance

between wire touch points, limpness,and mass to gsensitivity as follows:

£ o korey( Lmy
o
where o = mass per unit length of wire
E = Young's modulus of the wire material

. = distance between touching points
R = radius of the wire
K = proportionality constant.
This equation shows that sensitivity 18 maximized by using small yet high

density wire, which is limp but with widely spaced touching points.

k]
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While we cannot optimize each variable without affecting others, it is

clear that aluminum wire would not be the choice because of low mass, and

steel wire would tend to be excessively stiff., In addition to the math model,

a glass WIT line sensor model was assembled to improve our knowledge of the
actual wire-tube mechanical configuration. Wires were pulled through

this tube and their resulting lay characteristics with respect to touch
points were observed. In order to provide for a more consistent mech-
anical wire-tube configuration, several attempts were made to put
periodically spaced kinks in some WIT wire samples, These wires were
pulled into the glass tube model for visual inspection and later were
performance tested in a metal tube. Since this test was only marginally

successful, no further effort was expended at this time.

In order to provide for a more uniform sensitivity along the
length of a WIT line sensor, a test device was developed for evaluating
the charge potential on wire electrets. The test setup shown in Fig. 7
consists of a power frequency generator driving a mechanical vibrator which
varies the capacitance between a small, thin metal plate and the wire
under test. The plate which is 1/2" square is mounted on insulating
material as shown. The electret wire is drawn through a set of spring-
loaded rollers for mechanical positioning purposes. A permanent magnet
1s connected at the end of the vibrator drive rod. This magnet induces
a coil signal voltage proportional to the vibration amplitude. The coil
output signal is monitored with #1 oscilloscope. A variable high voltage
power supply is connected to the wire as shown. The power supply is
adjusted to provide a null signal as monitored on #2 oscilloscope. The
resulting power supply bucking voltage equals the electret charge
potential on the short section under test independent of small mechanical
misalignment . The wire can be advanced in short increments and a charge
potential profile such as shown in Fig. 8 can be developed. Note that
this length of wire had an electret potential variation exceeding 5 to 1,
Note also that the repeated tests, run in the same direction but at
different wire angles, have similar trends. This degree of electret
potential variation can cause considerable line sensor sensitivity varia-

tion depending on the location of the wire touch points on the tube wall,

D e T S




An electret study was performed independent of this contract
LR 1in an attempt to produce our own improved electret wire., As part of
this effort a wire sample was heat treated to drive off the electret
charge. The wire was tested to determine the amount of residual electret
charge remaining as shown in Fig. 9. The maximum electret potential
remaining on the wire was about 90 volts, which is considerably lower
than the 4600 V maximum before heat treatment. This wire was also
tested with the power supply set to O V and -500 V, and the resulting output
signals from the vibrating plate were also plotted as shown. As might

be expected, the zero bias plot appears to have a shape similar to the

residual electret potential curve. The -500 V bias plot has a relatively
consistent behavior, the variation being caused primarily by dimensional
differences in the wire. Using first a prolonged heat treat period
followed by a prolonged period of high voltage bias across the wire
insulation while slowly cooling the wire to room temperature, we were
able to form a fairly good wire electret which held its charge potential
over a prolonged period of time. The potential variation along its
length, as shown in Fig. 10, was better than that of the electret as
received from the manufacturer, Our fabricated electret's potential
variation was primarily due to a nonuniform electrode around the wire

insulation during the electret forming process.

In order to avoid some of the possible technical problems
associated with electret technology, it was thought that a nonelectret
voltage biased wire could serve equally well in the WIT sensor applica-
tion. A circuit for biasing a WIT wire which is compatible with the
amplifier input, is shown in Fig. 11. The .47 uF filter capacitor and
the .1 uF coupling capacitor are very critical components in this
circuit configuration, Unfortunately, standard good quality capacitors

of the proper voltage rating generate spike transient noise believed to

be associated with momentary realignment of dielectric domains. This is
a high impednace phenomenon since such behavior does not show up in
circuits of moderate impedance. In this case the D.C. {input impedance
is 100 M). The capacitors finally chosen were Sprague Type 118P Dif{ilm




metalized capacitors which are designed to have very good performance
with regard to sejf generated noise, These capacitors were successfully
used for our amplifier application.

Another source of input signal noige 1s associated with the
transmission of a high voltage bias to the preamplifier vig a buried
cable, 1If any pin-holes exist or 1f any cable damage occurs, the
resulting leakage can cause the high voltage bias 1ine to introduce
noise into the Preamplifier, Thig condition ig especially true when

the bias supply has a high output impedance.

problem would be to build a smali low voltage to high voltage converter
in the preamplifier package, Thig converter would operate at a high
frequency and would require good shielding and adequate filtering.

Another approach, should one decide to 80 to such a degree of
sophistication, would be to use a neutral wire WIT ag the capacitor in
a tank circuit of g frequency modulated system., This would also have
the advantage of being a low input impedance system.

differences between the electret technique and the voltage bias technique,
These tests were run on 50 ft ]ine sensors. The resultg showed that
variation of sensitivity along the sensor length due to linear electret
charge variation showed litt]e significant difference compared to the
voltage bias tests, The differences in sensor burial and in ground
conditions seemed to swamp out this variable. Figure 12 1llustrates a
test setun in which we attempted to determine the exact transition point of a
split buried ]ine sensor by making Successive intrusions in the viciniey

of the transition point, We determined that intrusion crossings some-
what distant from the transition point generate signals {p both halves

of the split sensor, This situation indicates that 4 relatively long
length of the electret wire, compared to the length of wire involved 1n

of abrupt electret potential variations., One of our two paralle] installed




300 ft WIT line sensors has low sensitivity over a long length. Thig
low sensitivity is caused by a relatively long, low charge potential

electret wire and indicates the need for more uniform electret wire.

No significant variation of signature frequency characteristics
along an installed WIT line sensor due to electret charge varfation could

be detected from our tests,




3. COMPARTSON BETWEEN STRUMMING AND
DISPLACEMENT MODES OF DETECTION

A series of lateral sensitivity profiles were developed to
determine the performance range of the WIT sensor in a variety of ground

conditions, This data was generated with a combina

wn at one ft.intervals),
impact responses (intruder Jumping at fixed intervals), and ordinary

intrusion crossings, A typical set of sensitivity profiles {g shown
in Figs, 13, 14, 15, and 16. Note that the data ig normalized so that
the maximum crossing sensitivity (dlrectly over the sensor) ig get at

0 dB. These profiles can be compared only in terms of their general

variations, These figures are divided betwe
low frequency bands.

en high frequency and

The low frequency or displacement mode occupies
the frequency band below 1 Hz, while the high frequency band
Strumming mode, occupies the 20 Hz to 100 Hz band.
low frequency lateral sensitivity profiles
( profile response, as

y Or
In comparing the two
» it is apparent that the wet
distance from the sensor is increased, drops off

&t a greater rate than the frozen profile response. At the point

directly over the sensor, the low frequency frozen profile response can

The two high frequency lateral
K sensitivity profiles are more similar except that the high frequency wet

e

profile has a high sensitivity peak directly over the sensor. The

N

high frequency frozen profile response, although more flat, 1s somewhat
more sensitive at greater distances from the sensor,

R ——
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The nuisance sources that influence the low frequency mode are
large trucks passing within several feet of the sensor and tree root
noise caused by high wind when the sensor {s located near large trees,
When there are no trees near the line sensor and vehicular traffic s
at reasonable distances, the low frequency mode 1is relatively immune to
these nuisance sources. The nuisance sources that influence the high
frequency mode of operation are nearby industrial machinery (25 to 50 ft
depending on vibration level), heavy trucks, low flying aircraft, and
loud thunder. The extent of influence of these sources depends upon

the alarm threshold levels needed,
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4. THE USE OF SINGLE VERSUS TWISTED PAIRS OF WIRES

A simplified version is shown in Fig. 17. It is made up of two wires

in a tightly twisted configuration which have alternating electret

(active) and passive sections, The solid lines represent the active

sections; the dotted lines signify the passive sections. The wires

are connected to the + and - inputs of a differential amplifier,
When a distant (noise or nuisance) disturbance occurs, a relatively
long length of the WIT sensor is excited, and both wires produce
nearly equal output signals (since they are tightly twisted). Thesge
signals, differentially amplified will tend to cancel. However, when

a disturbance occurs relatively close to the sensor, the closest
section will produce the major response, which wil] result in unequal
inputs to the differential amplifier. The output from the differential

amplifier is processed by the alarm detector.

In order to determine the Practicality of using the twisted
pair differential technique, we first performed a series of bench tests
{

form would pe warranted,

Some twisted pair WIT sensor bench tests were performed with the
apparatus shown {in Fig. 6. The tube section was about 6 ft long and open
at both ends to permit ease in changing wire types. Two 6 ft twisted
Pair wires were made up. One twisted pair was made up of #26 teflon
insulated electret wire as provided by the manufacturer, while the second
| twisted pair was made up of annealed #26 teflon insulated wire (a non-

' electret), The twisted pair electret frequency response is shown. in

10
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Fig. 18. Note that the 3ignal from each wire of the pair is plotted.

The output from each wire is fed to a differential amplifier (unity

applied on each of the wires. The frequency response for the nonelectret

pair is shown 1in Fig. 19, along with their differential output.
that the signal response

severely below 25 Hgz,

Note
for both twisted pair samples drops off

This 1s due to the relatively large diameter of

ed to the inner diameter of the tube. One would

However, the
The nonelectret twisgted

output in volts P.p.

1Yd +)v,|
CMRR = oe

With this reasonable laborator
to transfer further testing to the f

y bench test Ssuccess, we decided
leld using gome long-establighed

The ends of thege sensors were accessible for ease
of replacing wires. 1Ip our first test,

50 ft line sensors.
we made up a 50 f¢r long non-
electret twisted pair using #26 teflon wire,
biased to -500 V. A series of tests was
the performance of this buried twiste

Each wire was independent 1y
performed which demonstrateg

d pair WIT gensor as shown 1in
Fig. 21. The run and walk signals from both channels look almost

11
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identical. The impact signals at 2, 4, 6, and 8 ft from the sensor also
appear alike, but better definition is needed to compare the high
frequency signature on a cycle by cycle basis. Figs, 22 and 23
fllustrate a higher speed record of channel 1 impact signature and the
differential amplifier output resulting from taking a channel 1,

channel 2 difference. The impacts (person jumping) were made at 2, 4;

6, and 8 ft distances from the sensor as shown. The rejection capability

of this buried sensor or the C.M.R.R. ranges between 6.8 and 8.7.

We consider these results very encouraging and decided to
conduct the final test of this series with a sensor configuration as
similar as possible to that shown in Fig, 17. Since the voltage bias
technique cannot be used in this configuration, and since we have not
been able to produce a suitably uniform electret at this time, we set
Up an equivalent experiment as shown in Fig. 12. 1In this configuration
the buried 50 ft line sensor 1s made up of two 25 ft nonelectret voltage
biased teflon wires which are mechanically connected and electrically
separated. Each wire is connected to an amplifier as shown. Since
most unwanted distant signals are high frequency in nature, impact
Jumps were made at four foot intervals from the 1line sensor in a line
perpendicular to and crossing the center of the sensor as shown. The
resulting signals from both amplifiers are shown in Figs. 24, 25, and
6. In comparing the output signals for a particular impact, it becomes
obvious that on a cycle per cycle basis, distant signals cannot success-
fully be balanced out. 1If these signals were envelope detected, it
appears that a significant improvement could be made . Considering the

amount of further development needed to make a successful twisted pair

differential WIT line sensor, no additional effort was expended in this
direction.




5. MFASUREMENTS OF INTRUSION SIGNATURES OF HUMANS

A variety of human intrusions were made which included walks,
runs, creeps, and slow creeps, These tests were performed in a quiet
zone at Westinghouse R&D duck pond area, This test site is enclosed
by fencing and is distant from any industrial noise sources. The two
parallel buried WIT line sensors which are about 300 ft long, are
connected to 40 dB low noise preamplifiers, The preamplifier outputs
are connected to additional amplification located several hundred feet
away in a pump house, A wind speed indicator and our recording equip-
ment are also set up at this location, Several dedicated telephone
lines are connected from the pump house to our laboratory in order to
monitor the system for long time periods, particularly during unusual

weather conditions,

The human intrusions were made at six equally spaced stations or
posts along a fence paralleling the line sensors. These posts are at 40-50 ft
intervals and are numbered 1 to 6, starting st the amplifier end of the line sensor.

| All of the intrusion data was recorded with a TEAC portable
multichannel F.M. cassette magnetic tape recorder, The data was recorded
on at least twe channels. The second channel was recorded at an additional
{ 10 to 20 dB of gain in order te provide for a large dynamic range in order
A to maximize the recorded signal-to-noise ratio,

Spectral analysis instrumentation was set up to perform a
Fast Fourier Transform of the recorded intrusion signatures. This
instrument system consisted of a Tektronix 7704A/P7001 Digital Processing
‘ Oscilloscope (D.P.0.) and & P D P-11/05 Digital Computer. This system
was programmed to accept a selected sampling time prriod of magnetic
tape intrusion output data and pt it into digital storage. This sample
! 8 time is adjustable over a wide range. After a sample of intyusion

13




data wag put 1into Storage, the FFT  data Processing was performed,
and a spectra] response wag generated

on the oscilloscope display.
A large number of intrusion Spectra were photographed and a representg-

tive sample of thig data {g shown ip Figs, 27 thru 31, inclusive, Note

that eac) Spectral response photograph has additiong) Printed informat{on
regarding the Tun along the top and bottoy edges, 1 Fig. 27 the

upper left display, for example, has p3 RUN 3 M1N. appear {ng along the

lower edge, Thig refers to the post 3 location, the third ryn out of 4

total of six, which also had the minimum signal amplitude of the six crossingg,

The 43 Div. referg to three large divigfiong above the 8cope zero level

accommodate the type of intrusion being Performed, Each Intrusfon of
the line 8ensor included several footatepl all of which are summed to
obtain a total frequency response for 4 crossing, op examining the four
types of intrusion Spectra shown {1, Figs. 27 thru 30, the trend for

signal Present, Averaging of the gix intrusfong has o tendency to smooth
out the 8pectral data,

Some additiona} Spectral Signature data was taken shortly
after a yet 8now fall, The Spectra] Tesponse of thyg data {g shown 1
Fig. 31, In comparing thege walk Signatureg with thoge shown {, Fig, 28,

Considering 4 10 dB gain difference, there seems to be 1litele significant
change dye to these groyng differencen.

14
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After the WIT system was installed at R.A.D.C., some intru-
sion data was recorded on magnetic tape., Some of this recorded data
was spectrum analyvzed and photographed. Since there was about 12 inches
of snow on the ground and the temperature was at 32°F when the signature
data was taken, the signal spectrums appear different than those
taken earlier. The high frequency content in the 20 to 100 Hz range
is 20 dB higher, while the low f.equency content was about 20 dB lower.

15




6. EFFECTS OF NOISE SOURCES sycy AS WIND, TREES,
60 Hz POWER, AND VEHICLES oy THE SENSOR

There 1s 4 discussion on the effeces of trees, wind, and
vehicles {p Section three, In addition it has been observed that in
the presence of trees, the high frequency mode is pot influenced by
tree root noige. 1Ip open areas, wind Noise ig Negligible in both the
low and high frequency mode, Although industria} and vehicular noise
Can be detected at greater distances 1p the high ftequency mode, thege
types of signals cap be envelope detected and diacrmlinated against,
(Both high frequency industrial ang vehicular noise appears closer
to a continuoyg wave signal compared to ap intruder's high trequency
signature which is more burst-11ke, )

Figure 32 14 , comparison of o 300 fe wrr line gensor
Tesponse to various raip conditions, (The System gain wags turned up to 80 4p
to achieve 4 proper Fecording level) 4. the upper lef: is an average
Spectral responge with no rain, To the right {g ap average responge
with lighe rain, and a¢ the bottom is an average response with heavy
rain, The light rain response is almost identical to the no rain
response except that at 5S¢ Hz the light rain signal 13 aboyt 10 dB
greater. The heavy ratn spectral responge {g Slightly higher and

Figure 33 14 & comparison of 4 creep intrusion and light rain
noise Spectrum. The light rain noise spectrum is offset to compensate
for differences in recording gain, Note that the noise 1s 10 4B or
more below the lowest signal leve], A vide bapd Spectral responge is
shown in Pig. 34 which is an average of gix Samples of very heavy
rain., Since o heavy rain is random in nature, the resulting spectrum
amounts to o transfer function of a 300 ¢ buried WIT 1gne Sengor. The
higher ftequeucy Portion of the display indicates the System responge
in an audio llltenlng mode,
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The 300 ft WIT line sensor and assoclated system were
monitored several times during severe electrical storms. No significant
lightning signal was picked up by the system. (An early system was
destroyed by a neer—direct hit, The protection circuitry has since

been improved.)

Since the WIT line sensor is electrical in nature, it was
decided to run some tests to determine the effects of 60 Hz ground
currents usually associated with areas near buried power lines. The results
showed that if isolated 60 Hz power line current of 0.5 amps 1is
permitted to flow through the outer tube conductor of a 50 ft line
sensor, significant signal pickup is experienced. The mechanism by

vhich the noise pickup occurs is capacitive in nature.

As mentioned eerlier, our WIT sensor at the pond test
site can be monitored in our lab erea. With this arrangement, long~
term monitoring runs were conducted to provide background noise deta

during weether changes.

While these tests were being conducted, large single noise
spikes were noted. The occurrence rate would vary from several pulses
per hour to one pulse in several hours. After considerable investiga-
tion, it wes determined that the cause of these noise spikes wes e
sudden mechanicel slippage of the wire wvith respect to the tube wall
which resulted in a step function change in capacitance. After further
iuvestigation it was concluded that most of the spike noise wes
thermally induced by changes in the veether. Changes in the weather
ceuse the ground to creete mini-seismic disturbances (ground cracking
in hot dry weether or heeving while freezing end thawing).

An attempt was made to record e rendom spike signal on
magnetic tape for leter spectrel analysis, Figure 35 shows two small
spike-like signals and their spectral content. Although the ectual
noise spikes do not look elike, their spectrel content is very similar
with noise spike 1 slightly higher in low frequency content. Note that
the verticel sceles for the spectral responses ere displeced from each
other, while the 0 dB level is common to both.
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It was decided to run some long~term tests whereby the
incoming signals were separated into high frequency and low frequency
bands with separate alarms for each frequency band, The two frequency
bands were separated at 10 #iz, the high frequency including everything
above and the low frequency including everything below this frequency,
The long-term test results showed that there are significant differences
in the spike pulses since some spikes cause a high frequency alarm,
some cause a low frequency alarm, and some cause both high and low

frequency alarms,

Since most noise spikes (positive or negative going) have
rapid rise times and similar slow decay times, and since it is known
that signal spikes are caused by step function capacitance changes,
the decay time constant must be due to the WIT elcctronic system
transfer function. Using this as background, an attempt was made at
the Westinghouse Electronic Protection Systems Division to sense these
spike noise pulses and buck them out with an equivalent generated spike
pulse. This arrangement seemed to work well for the relatively short
test period. We do not know 1f 1t will perform well for extended tests
with a variety of spike pulse types,

Another technique for dealing with this type of disturbance
involves the use of a circuit which can detect whenever a net change
in capacity has occurred and inhibit the alarm circuit., This technique
also effectively turns the randomly occurring capacity change into a

test gignal which includes the sensor as well as the electronics in the
test,

There are two techniques, as yet untried, for eliminating
the capacity changes, by eliminating the wire slippage. The first
involves "crinkling” the wire to avold longitudinal tension build up,
while the second technique consists of periodically crimping the tube,

in order to anchor the vire at these points, Again excessive longitud{nal
tension is avoided,




7. PREDICTION OF LONG-TERM EFFECTS
ON THE OPERATION OF THE CABLE

The literature seems to indicate that good electrets have a
relatively long life (20 to 40 years). Our experience with the WIT
sensor configuration is that after an initial decay, the sensitivity
remains relatively constant. Our first sensors which were buried in

1972 are still working well.

The mechanical integrity of the cable is such that unless {t

is damaged by careless backfilling, it should last indefinitely.

Rodents, which sometimes damage underground electrical cables, will

not disturb the sensor's metallic exterior. The WIT sensor is
1 permanently sealed at both ends after being flushed dut with dry
nitrogen. The metal tube used for the WIT sensor is leak tested
refrigerator tubing and after the sensor fabrication is complete a
final leak test is performed. A P,V,C, outer cover is added to the
sensor to avoid ground current concentration on the sensor caused by
power lines or lightning, The outer cover also provides some degree

of mechanical and corrosive protection.

The buried preamplifier and the other associated electronics
¢ are provided with trarsient high voltuge protection to insure long life.
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8. METHODS OF CONTROLLING THE SENSITIVE
WIDTH OF A WIT SENSOR CABLE

The profiles of the WIT line sensor with respect to high
frequency and low frequency operation are discussed in Sec. 3. The

twisted pair technique for limiting zone width {s also fully discussed in Sec. 4

In addition, the low frequency profile and possibly the high
frequency profile can be significantly altered by the depth of burial,
Zone limiting can also be accomplished by installing two parallel
sensors in differential fashion. Electronic signal processing, whereby
high frequency continuous signals from trucks and industrial sites
could be ignored and only high frequency footstep pulsed signals
accepted, can be implemented, Logic can also be arranged to use the

high frequency and low frequency signature signals in logic combinations
to achieve zone control,
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9. SUGGESTED ADDITIONAL DEVELOPMENT EFFORTS

Sensor Improvements

As indicated in Section 2 above, the sensor may be improved
by insuring that a controlled uniform electret charge 1s achieved in the
wire insulation. The benefit from such an improvement would lie in
more consistent intrusion signatures from point-to-point along the
sensor, which would provide an improvement in detection probability
and/or false alarm rate. Unit-to-unit sensor sensitivity variations
would be eliminated, permitting the circuit gain to be pre-set to a
predetermined level. Such a program should consist of a theoretical/
experimental investigation of electret inducment techniques and sub-

sequent measurement of sensitivity decay.

Also noted in Section 6 is a characteristic noise spike
which 18 due to thermally induced movement of the sensor., It 1is very
likely that this noise can be eliminated from the sensor, or it can be
discriminated against in the detector electronics. (One such technique
can actually make use of the noise to create a self-test capability.)

Two techniques for eliminating the noise appear promising. One technique
consists of periodic mechanical fixing of the wire In the tube to prevent
longitudinal tension buildup and subsequent slippage. The other tech-

nique would use an intentionally crinkled wire, also to prevent the tension
buildup.

Electronic Improvements

The WIT detector has a high degree of inherent immunity to
false alarms at the same time as a high probability of detection rate.
Signal processing requirements may be winimal, requiring little more
than the "OR" processing furnished with the four prototype sensors.
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The testing program underway at Rome Air Development Center will provide
an excellent data base from which to predict the performance using
optimum filtering of the two frequency bands and either "OR'" or "AND"
processing, at least within the scope of the ise and nuisance sources
monitored. 1If {t appears tha* rore sophisticat;d techniques are required
such as AGC, sequencing of dete' . ors, or signature integration, an
appropriate development program may be undertaken, using the taped signa-
tures from the RADC testing program. One additional nuisance source
which might be included in such a program is tree root movement due to
winds. These signals have been only qualitatively observed to date,

but it appears that slightly raising the low frequency cutoff of the

low band (perhaps only during windy periods) will be sufficient to deal
with the problem. Another approach might be to physically cut or remove

the roots in the vicinity of the sensor.

Another useful program would exploit the audio capability
of the sensor, in target classification. Being a line sensor, the
WIT sensitivity decreases only as the square root of the distance to
the target rather than directly as the distance. It is likely that
automatic recognition of target types is possible, as well as assessing
speeds of moving targets. The feasibility program would employ spectral
analysis of various target signatures to indicate classification ability,

and construct appropriate prototype hardware.

Still another electronic project that might be persued is the
development of inhibit circuitry to cope with the periodic sensor move-
ment noise. An early experiment at the Hunt Valley Division has shown
that this noise can be effectively eliminated by a cancellation technique.
A better technique may be to use the capacity step change due to the wire
shift as a randomly generated test signal, using a capacity-step detector
at the preamplifier. Such a self-test method would have the advantage

of actually including the sensor in the test function.
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