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[57] ABSTRACT

A wire comprised of an electrical conductor enclosed
within insulation, is loosely positioned relative to an
electrically conductive member. This combination 1s
pas:tmned to monitor disturbances caused by the intru-
sion of the protected area. The relative movement of
the wire and the electrically conductive member caused
by intrusion disturbances produces an electrical signal
which is attributable to a capacitance change. The sig-
nal can be realized from either the electret characters-
tic of the wire or it can be realized by the application of
a d-c bias voltage to the combination. A signal devel-
oped by the combination in response to a mechanical
disturbance includes a low frequency and a high fre-
quency component. The low frequency component,
attributable to a *“strain mode” of operation, developed
by the displacement of the wire relative to the electri-
cally conductive member by mechanical deflection of
the conductive member whereas the high frequency
component, attributable to an “acceleration mode” of
operation, results from the vibration of the wire relative
to the conductive member. The high frequency compo-
nent code is comparable to a “ringing” condition much
the same as is experienced by an accelerometer. -

6 Claims, 4 Drawing Figures
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1
INTRUSION DETECTION SYSTEM

Matter enclosed in heavy brackets [ '} appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue,

BACKGROUND OF THE INVENTION

A typical prior art intrusion detection system for
monitoring a protected area is described in detail in U.S.
Pat. No. 3,438,021 issued Apr. 8, 1969. In this system a
pair of fluid filled resilient tubes are buried beneath the
surface of the ground and associated pressure transduc-
ers develop output signals indicative of pressure
changes representing the movement of the intruders.
While this systemn provides a valuable and reliable tech-
nique for detecting intruders, it is relatively expensive
and difficult to install, and requires treatment of the
earth to preserve sensitivity under frozen ground condi-
tions.

Recent efforts to utilize coaxial cables in this buried
configuration have also failed due to the lack of sensitiv-
ity of the coaxial cables resulting from the tight packag-
ing of the wire within the cable which effectively pre-
vents movement of the conducting elements relative to
one another in response to intrusion disturbances. The
inherent compactness and tightness of the fabrication of
a coaxial cable thus limits the output of the co-axial
operation to a low frequency signal thus limiting the
sensitivity of such a system and rendering it unaccept-
able in frozen ground applications.

SUMMARY OF THE INVENTION

There is described herein a preferred embodiment of
a novel detection system utilizing an insulated eiectrical
wire loosely positioned within an electrically conduc-
tive tube member having an inside diameter substan-
tially greater than the diameter of the wire. The primary
mechanism of operation is a change of capacity between
the wire and the tube produced by mechanical distur-
bance of the wire within the tube. The change in capaci-
tance is transformed into a voltage signal which can be
the result of an inherent electret characteristic of the
wire developed during fabrication of the wire or can be
provided or enhanced by the further application of a
bias voltage to the wire. A charge is developed by the
electret characteristic of the insulation or the d-c bias
voltage and a change in capacitance produced by a
mechanical disturbance produces an electrical signal.
The loose positioning of the wire within the tube mem-
ber causes the wire to contact the wall of the tube mem-
ber at random and intermittent locations. In the event
the combination of the tube member and wire 15 posi-
tioned beneath the surface of the ground, the wire will
be displaced relative to the tube in response to surface
disturbances and an output signal will be produced
which includes both a low frequency and high fre-
quency component. Due to the fact the wire is signifi-
cantly closer to one wall of the tube than the opposite
wall of the tube, the variation of capacitance produced
by displacement of the wire relative to the near wall
will be significantly greater than the variation in capaci-
tance due to displacement of the wire relative to the far
wall. |

This wire-in-tube detection configuration provides
advantages over prior art detection configurations for
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buried systems in that it does not require intimate
contact with the soil to insure sensitivity.

DESCRIPTION OF THE DRAWINGS

The invention will become readily apparent from the
following exemplary description in connection with the
accompanying drawings:

FIG. 1 is a schematic illustration of an embodiment of
the invention;

FIG. 2 is a section on the line II—II of FIG. 1

FIG. 3 is an electrical equivalent circuit of the em-
bodiment of FIG. 1: and

FIG. 4 is an alternate embodiment of the invention
disclosed in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

It has been determined experimentally through exten-
sive testing that a significant improvement in intrusion
detection systems can be achieved through the use of
commercially available insulated electrical wire loosely
positioned in contact with an electrically conductive
member. A l00se contact between the wire and the elec-
trically conductive member permits free movement of
the wire relative to the electrically conductive member
in response to mechanical disturbance of the conductive
member produced by the intrusion. Change in capaci-
tance caused by the movement of the wire relative to
the electrically conductive member is transformed into
an electrical signal exhibiting a low frequency and/or a
high frequency component of sufficient magnitude to
permit identification of an intrusion. The electrical sig-
nal is developed by either applying a bias voltage to the
wire or by utilizing an inherent electret characteristic of
the insulation which is developed in the fabrication of
commercially available wire.

The electret characteristic found in dielectric insula-
tion which covers some commercially available electri-
cal wire is a characteristic produced during the fabrica-
tion of the wire which establishes an electrical charge
condition in the dielectric material. A common use of
the electret characteristic is in the electret-foil capacitor
microphone. In this microphone the electret is a
MYLAR film that is metalized on its outer side. The
electret characteristic eliminates the need for a d-c bias
voltage. -

The high and low frequency components capable of
being developed by the combination of the loosely posi-
tioned wire relative to the electrically conductive mem-
ber in response to an intrusion disturbance, are both
produced as a result in a change in capacitance devel-
oped in the vicinity of the intrusion.

The high frequency component, atiributable to an
acceleration mode of operation, results from the vibra-
tion of the wire relative to the electrically conductive
member while the low frequency component, which is
attributable to a “strain mode” of operation results from
the deflection of the electrically conductive member
relative to the wire in response to the weight or pressure
of an intrusion.

While the preferred embodiment illustrated in FIG. 1
discloses a wire loosely positioned within an electrically
conductive tubular member which lends itself to appli-
cations wherein the system is buried beneath the surface
of the ground, it is apparent from the illustration of
F1G. § that the invention concept is equally applicable
to a flat electrically conductive member with a wire
loosely positioned thereon.
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Referring to FIGS. 1 and 2 there is illustrated a dis-
turbance detector 10 in an embodiment for use in buried
applications comprised of a wire 12 loosely positioned
within a tubular member 14. The wire 12 consists of an
electrical conductor 16 and an insulating coating 18.
The selection of the wire for use in the disturbance
detector 10 can be such as to take advantage of the
electret characteristic of some commercially available
wire. Some insulating materials used in coating electri-
cal wire exhibit an electret effect. Evaluation of numer-
ous commercially available wire material indicates that
the most significant electret signal is derived from a
- TEFLON coated electrical conductor. The tubular
member 14 1s constructed from an electrically conduc-
tive material such as a metal or a metalized plastic. The
tube member 14 is connected to ground and the conduc-
tor 16 of the wire 12 1s electrically connected to ampli-
fier 20 which in turn is connected to a signal processing
circuit 30.

An electrial equivalent circuit of the embodiment
FIG. 1is illustrated in FIG. 3. The signal source voltage
source, be it the electret characteristic or a d-c bias
voltage, is represented as a generator G, and the tube 14
and wire 12 capacitances are represented as capacitors
C1 and C2.

Assuming the positioning of the disturbance detector
10 of FIG. 1 at a distance beneath the surface of the
ground g, the occurrence of a disturbance on the sur-
face of the ground resulting from personnel or vehicular
movement will cause the wire 12 to be moved within
the tube member 14. Two types of wire movement are
represented in FIG. 1 occurring as a result of a distur-
bance. The wire movement represented by the dashed
lines corresponds to displacement of the wire 12 from
the tube contacting points P produced by deflection of
the tube 14 in response to the pressure applied to the
surface of the ground. The second movement of the
wire 12 1 response to a disturbance is represented by
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wire 12 between the contacts points P undergoes an
acceleration mode of vibratory mode of movement due
to be mechanical shock introduced by the disturbance.

The inside diameter of the tube member 14 is selected

to be significantly larger than the outside diameter of 45

the wire 12 such as would be represented by a quarter-
inch copper tube and a No. 22 gauge wire. The position-
ing of the wire 12 within the tube 14 as illustrated in
FIG. 1 locates the wire in a near wall relationship with
one portion of the tube 14 such that a portion of the
wire 12 adjacent to the contact point P establishes mini-
mum distance D1 between the wire 12 and the near wall
of the tube member 14. Since the minimum distance (air
gap) provides a maximum capacitance, very small dis-
placement of the wire relative to the near tube wall
provides maximum capacitance modulation and in turn
maximum signal voltages which are applied to the am-
plifier 20. In areas along the wire where the air gap 1s
significantly larger, the same mechanical displacement
of the wire 12 provides a much smaller capacitance
change since the wire to the tube wall capacitance is
much smaller and thus the proportional change in this
capacitance is also much smaller. It is therefore obvious
that for this detector configuration, the capacitance
between the wire 12 and the far wall of the tube wall 14
is negligible. The distance between the wire 12 and the
tube wall 14 as defined by D1 corresponds to the wire
in a rest condition whereas the distace D2 corresponds
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to a typical displacement of the wire in response to a
disturbance.

The signal produced as a result of a relative move-
ment of the insulating material of the wire 12 relative to
the conductive members corresponding to the tube 14
and electrical conductor 16 exhibits a low frequency
and high frequency component. The low frequency
component is a function of the displacement of the wire
as illustrated by the dashed lines while the high fre-
quency component corresponds to the dotted portion of
the llustration of FIG. 1. The low frequency compo-
nent is typically in the range of 0.1-10 hz. while a typi-
cal high frequency range corresponds to 10-100 hz. The
output of the amplifier 20 is applied to a filter circuit 22
which effectively isolates the low frequency and high
frequency components and applies the respective com-
ponents through signal attenuating circuit 24 and 26 to
a monitoring device herein represented as recorder 30.
The high frequency component of the cutput signal of
the detector circuit 10 is determined by the distance
between the contact points P and the mass per unit
length of the wire.

The isolation of the low frequency and high fre-
quency component of the output signal permits inde-
pendent monitoring of the components. It has been
determined experimentally that the low frequency com-
ponent provides characteristic information under cer-
tain operating conditions while the high frequency
component provides information under other operating
conditions. The use of the attenuating circuits 24 and 26
provides control of the relative weight attributed to the
low frequency and high frequency components depend-
ing on the operating conditions to which the detector 10
is subjected.

For instance, it may be desirable to vary the relative
sensitivity of the recorder 30 to the low frequency and
high frequency components of the output signal under
varying weather conditions. It has been determined
experimentally that in underground installations of the
detector 10, wherein the ground is frozen, the high
frequency component reflects too wide a sensitive
range to be effective while the low frequency compo-
nent provides a relatively clear indication of intrusion
disturbance. Under these conditions therefore the cir-
cuits 24 and 26 would be adjusted such that recorder 30
would respond primarily to the low frequency compo-
nent of the signal developed by the detector 10. On the
other hand, under high wind conditions it has been
determined experimentally that less false alarms are
recorded when monitoring the high frequency compo-
nent of the detector signal. Under high wind conditions,
detector systems utilizing a low frequency output signal
such as the system in the above-identified patent, are
sensitive to wind pressure changes on the ground which
adversely affect the accuracy of the detector signal.

While the signal processing circuit 30 has been shown
to consist of basic components which clearly indicate a
typical utilization of the detector 10, it is apparent that
the signal processing circuit illustrated can be replaced
with a far more sophisticated electronic system which
could cause automatic adjustment of the sensitivity of a
monitoring device to the low and high frequency com-
ponents of the detector device in response to changing
conditions.

As mentioned earlier the mechanism for developing
the detector signal can be based solely on the electret
characteristic of the wire or solely on the application of
a remote d-c bias signal or on the combination of the
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electret characteristic and the d-c bias signal depending
on the particular application of the detector device. For
instance in a buried application requiring extensive
length of the detector device it may be neccessary to
inciude an external d-c bias source to provide an ade-
quate signal output. A typical application of a d-c bias
voltage source is illustrated in FIG. 1. A voltage source
S is applied to the conductor 16 through a high impe-
dance device 40. Isolation of the bias voltage from the
amplifier 20 is provided by capacitor 42.

Referring to FIG. 4, there is illustrated an alternate
embodiment of the detector device of FIG. 1. In place
of the tube member 14 illustrated for the buried applica-
tion of the detector device 10 of FIG. 1, there is illus-
trated a flat electrically conductive plate 42 positioned
relative to the entrance to the door D and having dis-
posed thereon an electrical wire 42. Once again the wire
42 as in the case of the wire 12 of the embodiment of
FI1G. 1 is loosely positioned relative to the electrically
conductive member 40 such that impact by an intruder
on the surface of the conductive member 40 will cause
displacement of the wire 42 relative to the plate 40 thus
nroducing an electrical signal in accordance with the
operation described above. Amplifier 44 responds to the
electrical signal by activating alarm circuit. 46. The
embodiment of FIG. 4 is disclosed to clearly indicate
that the inventive concept is not limited to the use of a
tubular member as illustrated in FIG. 1, but rather ex-
tends to the basic concept of using an electrical wire
loosely positioned relative to a conductive surface to
develop an electrical signal in response to the change in
capacitance produced by displacement of the wire rela-
tive to a conductive member.

Results of impact sensitivity tests of detectors utiliz-
ing wires of different sizes and insulation and tubes of
different diameters are presented in the following tabu-
lation. It appears from the tabulation that clear insulated
TEFLON wire is probably better for a detecting device
utilizing electret characteristics of the wire than a pig-
mented wire of a similar type. It also appears that there
Is a minimum inside tube diameter that will accommo-
date a particular wire size and still generate acceptable
electrical signals.
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therebetween, disturbance of said substantially rigid
first electrically conductive member resulting in me-
chanical displacement of said second electrically con-
ductive member with respect to said first electrically
conductive member, the displacement producing a
change in said capacitance. }

[2. Apparatus as claimed in claim 1 wherein said

' insulating material exhibits an electret characteristic,

said electret characteristic providing an electrical
charge.}

3. Apparatus as claimed in claim [1] /3 further in-
cluding a d-c voltage source operatively connected to
said electrically conductive members to establish an
electrical charge on said insulating material.

[4. Apparatus as claimed in claim 1 wherein the
change in capacitance produced due to the displace-
ment of the second electrically conductive member
with respect to the first electrically conductive member
1s manifested by the development of an electrical signal,
said electrical signal consists of a low frequency compo-
nent corresponding to the capacitance change produced
by separation of said first electrically conductive mem-
ber from said second electrically conductive member
and a high frequency component corresponding to the
vibr;tian of said second electrically conductive mem-
ber.

[5. Apparatus as claimed in claim 1 wherein said first
electrically conductive member includes a sheet of elec-
trically conductive material, and said second electri-
cally conductive member is a wire resting loosely on
said sheet of electrically conductive material with said
electrical insulating material disposed therebetween.]

L 6. In an intrusion detection system for responding to
disturbances, the combination of a substantially rigid
tubular member exhibiting electrical conductivity char-
acteristics, a flexible, loose fitting electrical conductor
having an effective diameter which is substantially less
than the inside diameter of said tubular member and
being disposed witin said tubular member in an intermit-
tent contacting relationship with an interior surface of
said tubular member so as to be substantially closer to
one interior surface of the tubular member than to the
opposite interior surface of the tubular member, electri-

ey SO . - Ay S

Wi Capaci No ;?ﬂm Tube
ire Hance T4 U
Description Pi/ft MVPP Diameters
No, 20 Teflon flex wire blue 20 275 MV

No. 20PVC o green 26 50 MV

No. 24 Teflon y lne 16 275 MV 25" OD
No. 22 Teflon ” red 18 220 MV 176" ID
No. 30 Teflon —_ — 275 MV

No. 22 Teflon clear 18 330 MV

No. 22 Teflon red 25.5 260 MV

No. 30 Teflon S 15 2IS MYV 1258” OD
No. 20 Teflon blue — I MV 085" ID
No. 24 Teflon blue — 215 MV

I claim:

[ 1. Apparatus for monitoring disturbances caused by
mechanical shock, pressure, impact, etc., comprising in
combination, a substantially rigid first electrically con-
ductive member adapted to respond to disturbances, a
second electrically conductive member disposed in a
loose fitting, intermittent contacting relationship with
said first electrically conductive member and being
mechanically free to move with respect to said first
electrically conductive member, electrical insulating
material disposed between said first and second electri-
cally conductive members to establish a capacitance

63

cal insulating material disposed between said tubular
member and said flexible electrical conductor to estab-
lish a capacitance therebetween, a disturbance causing
displacement of the loosely positioned flexible electrical
conductor relative to said substantially rigid tubular
member causing a change in said capacitance, said
change in capacitance resulting in the development of
an electrical signal indicative of the disturbance.}

7. Apparatus as claimed in claim [67) /4 wherein said
electrical insulating material is a coating on said flexible
electrical conductor, the effective diameter of the com-



Re. 29,896

7

bination of said flexible electrical conductor and the
coating of electrical insulating material being substan-
tially less than the inside diameter of said tubular mem-
ber.

[8. Apparatus as claimed in claim 7 wherein the
insulating material coating exhibits an electret charac-
teristic.] |

9. Apparatus as claimed in claim [7] /4 including a
d-c voltage source operatively connected to said flexi-
ble electrical conductor and said tubular member to
establish a charge condition in said insulating material.

[10. Apparatus as claimed in claim 6 wherein said
electrical signal is comprised of a low frequency and
high frequency component, wherein said low frequency
component corresponds to the change in capacitance
produced by the displacement of said wire element
relative to said tubular member in response to said dis-
turbance and said high frequency component corre-
sponds to the vibration of said wire element relative to
said tubular member in response to said disturbance.]

[11. Apparatus as claimed in claim 6 wherein said
flexible electrical conductor is a wire. }

12. Apparatus as claimed in claim 14 including, circuit
means responsive to said first frequency and second fre-
quency signal components for weighting said first fre-
quency and second frequency signal components and pro-

ducing an output signal indicative of a combination of

predetermined weighted representations of said first fre-
quency and second frequency signal components.

13. Apparatus for monitoring disturbances caused by
mechanical shock, pressure, impact, eic., comprising in
combination, a substantially rigid first electrically conduc-
tive member adapted to respond to disturbances, a second
electrically conductive member disposed in a loose fitting,
intermittent contacting relationship with said first electri-
cally conductive member and being mechanically free to
move with respect to said first electrically conductive mem-
ber, electrical insulating material disposed between said
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stantially rigid first electrically conductive member result-
ing in a mechanical displacement and a mechanical vibra-
tion of said second electrically conductive member with
respect to said first electrically conductive member, said
mechanical displacement and mechanical vibration pro-
ducing a change in said capacitance, said change in capaci-
tance being manifested by the development of an electrical
signal, said electrical signal consisting of a first frequency
component corresponding to the capacitance change pro-
duced by said mechanical displacement of said second
electrically conductive member and a second frequency
component corresponding to the mechanical vibration of
said second electrically conductive member, and circuit
means responsive to said electrical signal.

14. In an intrusion detection system for responding to
disturbances, the combination of a substantially rigid tubu-
lar member exhibiting electrical conductivity characteris-
tics, a flexible, loose fitting electrical conductor having an
effective diameter which is substantially less than the inside
diameter of said tubular member and being disposed
within said tubular member in an intermittent contacting
relationship with an interior surface of said tubular mem-
ber so as to be substantially closer to one interior surface of

the tubular member than to the opposite interior surface of
the tubular member, electrical insulating material dis-

posed between said tubular member and said flexible
electrical conductor to establish a capacitance therebe-
tween, a disturbance causing a mechanical displacement
and a mechanical vibration of said loosely positioned flexi-
ble electrical conductor relative to said substantially rigid
tubular member, said mechanical displacement and me-
chanical vibration of said loosely positioned flexible electri-
cal conductor causing a change in capacitance, said change
in capacitance resulting in the development of an electrical
signal including a first frequency component produced by
said mechanical displacement and a second frequency
component produced by said mechanical vibration, and
circuit means responsive to said electrical signal for identi-

first and second electrically conductive members to estab-  fying said disturbance.

lish a capacitance therebetween, a disturbance of said sub-
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