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[57] ~ ABSTRACT
An intruder detection system comprising a line

-adapted to be located substantially at ground level and

consisting of an elongated high permeablllty magnetic
core on which is wound a coil in the form of succes-
sive sections of respectively opposite winding handed-
nesses, a high gain low noise-amplifier coupled to the
line and a detector coupled to the amplifier and
adapted to be coupled to an alarm system.

5 Claims, 4 Drawing Figures
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| ..1
lNTRUDER DETECTION SYSTEM

Matter enclosed in heavy brackets L ] appears in the-

_original patent but forms no part of this reissue specifi-
cation; matter printed. in ltallcs lndlcates the additions
made by reissue. |

The present invention relates to an mtruder detection
system and is particularly concerned with a system

which is capable of detecting the entry of an intruder

into a defined area whilst carrying a ferromagnetic
object, such as, for example, house breakmg tools,
small arms or the like. |

Various intruder detection systems have been pro-

~ posed but in most cases the effectiveness of these

known systems is limited by the fact that they are either
- complicated and therefore liable to fail or to be put out

of action by the intruder or can lead to the production

- of false alarms, or that they are relatwely difficult to
‘install. S
It is an object of the present mventlon to prowde a

~ new and improved detection system in which the above

referred to disadvantages are substantially reduced.
According to the present invention there is provided
an intruder detection system comprising a line adapted
to be located substantially at ground level and consist-
ing of an elongated hlgh permeability magnetlc core on
-which is wound a coil in the form of successive sections
of respectively opposite winding handednesses, a high

2

Where a low impedance line is employed, in order to
amphfy the voltage signal appearing across the coil,

~ which is of the order of nano volts, the line is coupled

to an amplifier via a suitable transformer which is

matched to the low impedance of the line. The output

of the amplifier is fed to an appropriate discriminator

* circuit such as for example a threshold detector by

means of which unwanted signals are rejected. The

- output of the discriminator can then be coupled to an

10

15

ble.

appropriate alarm system whleh can be visual or audi-

For better understandmg of the present invention

‘and to show how the same can be carried out in prac-

tice reference will now be made to the accompanying

_drawmgs in which

FIGS. 1 and 2 are sehematle representatlons of three

- forms of lines in accordance with the present invention,
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‘gain low noise amplifier coupled to the line and a de-

‘tector coupled to the amplifier and adapted to be cou-
pled to an alarm system.

- - The system in accordance with the present invention
-~ is based on the observed phenomenon that the pres-

ence of a ferromagnetic object is associated with an

35

FIG. 3 is a schematic circuit block diagram of the

“imtruder detecnon system in accordance with the in-
vention, and -

FIG. 4 is a schematic cross sectional representatmn

of a line in accordance with the present invention.

- FIG. 1 shows schematically a line 1 consisting of a -

ferromagnetic core 2 along the length of which 1s

wound a coil 3. The coil 3 is wound in the form of
successive, amgle-layer sections 3a of respectively
opposite .winding handednesses. In the embodiment
shown in FIG. 1 of the drawings seeing that both ends
of the coil 3 are to emerge from the same end of the
line one return lead of the coil extends over the whole
wound length thereof. Alternatively, said one terminal

lead can be made to extend through the core.

In the embodiment shown in FIG. 2 of the drawings
the coil is rewound on itself in such a way that the two
ends of the coil emerge from one end of the line. In this

~ way a multilayer coil can be obtained. The constituent

inhomogeneous magnetic field which arises out of the

magnetic moment induced in the object by the earth’s
“magnetic field and out of any inherent magnetic mo-
ment of the object itself. The magnitude of the induced
‘magnetic moment of the ferromagnetic object is re-
lated to the size and shape of the object, its magnetic
permeability and orientation. On the other hand, the
magmtude of the earth’s magnetic field is a more or less
constant factor in these considerations having an inten-
sity of about 0.6 gauss in a direction which mainly
depends on the latitude of the location involved.

If now the ferremagnetlc object moves, its associated
field will also move and in consequence 2a fluctuation in
the magnetic flux density will be observable during the
'movement at any point along the path of movement.

* In thie case of the present invention, this moving,
| 'mhemogeneous magnetic field associated with the ob-
ject will be greatly enhanced and concentrated by the
hlgh permeablllty core and there will be induced in the
various sections of the coil, electmmotwe forces which
are cumulative along the length of the line and which

result in the production of a detectable voltage acCross

the coil leads. On the other hand, any change in the
homogeneous field (e.g. fluctuations in the earth’s
magnetic field) will induce equal but opposite voltages
in all the sections resulting in a substantially zero volt-
age across the coil leads.

Preferably the coil sections are of substantially equal
length and numbers of turns, the section length being of
the order of one meter in length.
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layers of each section can be successive right and left
handed in which case the successive layers are con-
nected in series. Where however- successive sections
are to be connected in parallel then the successive
constituent layers of each section form like-handed
windings, the handedness altematmg from section to
section.

As seen sehematlcally in FIG. 3 the output from the
line 1 is fed to a transformer which serves to impedance

match the line 1 with a subsequent amplifier 6. For this

purpose a step up transformer §'is employed Since the

signal frequency to be detected is in the cycle per sec-

ond range (e.g. between 0.3 - 3 Hz) a magnetically
shielded transformer having a step up ratio of (for
example) 1 to 50 and a primary winding of (for exam-
ple) 100 Henry is employed. The output of the trans-

former 5 is fed to the amplifier which has an input

~ impedance of several megohms in the above signal
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frequency range and has a noise characteristic of less

than one micro volt. The output of the amplifier 6 is fed

“to a discriminator 7 whose purpose is to discriminate

- between signals whose voltage lies above or below a
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certain minimum value. The output of the discrimina-

tor 7 is fed to a suitable alarm system which can be

audio, visual or the like.
With an arrangement as described above an extreme

‘situation can be envisaged wherein the ferromagnetic

object, behaving as a magnetic dipole, moves in the
plane which is always parallel to itself and normal to

the line. In such an extreme situation the signal strength

arising out of the passage of a ferromagnetic object in
the vicinity of the line has a maximum value when this
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3 | |
object passes between two successive seetlons and a
theoretically zero value when the object passes the mid
point of any Speelfie section. In order to ensure that a
detectable signal is obtained even under these extreme
“circumstances when the object passes the mid point of

a section, an arrangement can be empleyed wherein
two essentially separate independent coils: are em-
ployed wound one on the other each coil being. similar

to that described with reference to FIG. 2, the two coils

being shifted with respect to each other 'by half a sec-
tion and being connected respectively via separate
transformers and amplifiers to separate displays. With
such an arrangement and even under the extreme cir-
cumstances referred to above when an object passes in
the mid point of any Spemﬁe section a detectable mgnal
will be obtained at least in'one of the displays.

In one partleular example of a flexible line (shown_

schematically in FIG. 4 of the drawings) the core 1
consists of a considerable number (e.g. 7X19) of nu-
metal wires of 0.2 mm diameter. A double layer coil
winding consisting of enamel insulated copper wire of
0.5 mm diameter is wound on the core in the form of
sections of sueeesswely opposrte winding handed-
nesses. Each section is 700 mm in length and in conse-
quence each section includes about 1400 turns. With
such a line having a length of 100 metres the overall
resistance is about 400 ohms. In order to ensure a good
electrical insulation between the core and the winding
and between the two layers of winding a thin nylon
insulating layer, not shown, (0.05 mm thlckness) can
be wound on the core and between the windings. The
wmdmgs are encased in a copper braiding shield 11
which is in its turn located within an outer plastic enve-
lope 12 and in this way mmsture 18 prevented frem
entering the line.

It will be appreciated that other materials ‘can be
employed for the magnetic core and cenduetwe wind-
ings and other dimensions can be used..

Furthermore, whilst in the arrangement shown in
FIG. 2 of the drawmgs a second winding 1s mterposed
between successive sections of a first winding this sec-
ond winding can be superimposed on the first wmdmg
but shifted with respect thereto. S

An intruder detection system including a Ime (prefer—

ably flexible) in accordance with the present invention

enjoys the distinct advantage that the line which can be
of small diameter can be rapldly and snmply buried in a
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single narrow trench even in difficult terrain. Such a

single line can be effectively protective agamst damage,
e.g. by rodents by enclosing it in a pipe, €.g. an alumi-
num irrigation pipe. The same trench in which the line
is laid can also serve to accommodate the leads to and

50

from the line. Thus a plurahty of successive lines (each

e.g. being about 200 m in length) can be couPled by
means of these leads to the respective eleetrome units
which can all be located In a smgle centml post |

I claim: | S

1. A passwe line for an mtruder deteetlnn system
operable in the earth’s magnetic field, comprising:

a. a plurality of elongated high-permeability wires

arranged in lengthwise centaet to define a ﬂexrble

55 .
S .;neeted sections of respectively opposite-winding

4 .
high-permeability magnetic core ‘un-magnetized
~except for the effect thereon:of the:earth’s mag-

. netic field, the cross-section of the wires being very

S jmuch smaller than the cross seetlon of the core;

“bla coll wound on‘the core havmg at least one layer
of insulated conductor wound on the core in the
form of many successive lengthwise serially con-

 nected sections of respectively opposite-winding

- handedness, the sections being of substantially

equal length and homogeneously wound.

2. An intruder detection system using the line of
clalm 1 comprising a high-gain, low-noise amplifier,
and an impedance matching transformer coupling the
line to the amplifier for detecting transient inhomoge-

neous magnetic fields in the vicinity of the line.

3. A line according to claim 1 including:
a. a shield of braided metal encasing the coil and core
10 effect flexing of the line; and
b. an outer plastic envelope encasing the shield for
~waterproofing the line.
4. A passwe line for an intruder detection system
operable in the earth’s magnetic field, comprising:
a. a plurality of elongated high-permeability wires
“arranged in lengthwise contact to define a flexible
- high-permeability magnetic core un-magnetized
“except for the effect thereon of the earth’s mag-
netic field, the cross-section of the wires being very
-much smaller than the cross-section of the core;
~ b. a coil wound on the core having at least one layer
< of insulated conductor wound on the core in the
form of many successive lengthwise serially con-
nected sections of respectively opposite-winding
handedness, the sections being of substantially
~ equal length and homogeneously wound; and
- ¢. asecond coil wound on the core and comprising at
“Jeast one layer of insulated conductor wound on
- the first: mentioned coil in the form of successive
‘lengthwise sections of respectively opposite hand-
edness,. the sections of one coil being shifted
lengthwise by about a half a section with respect to
the sections of the other coil. -
5..A passwe line for an Intruder detectron system
operable in the earth’s magnetic field, comprising:

-~ a.-a plurality of elongated high-permeability .wires

L arranged in lengthwise contact to define a flexible
3 hlgh permeability magnetic core un- magnetized
‘except for the effect thereon. of the earth’s mag-

. netic field, the cross-section of the wires being very

" much smaller than.the cross-section of the core;
and | |
b.a coil wound on the. core having at least one layer
o of 1nsulated eonduetor wound on the core in the
- form of many successive lengthwise serially con-

~°_handedness, the sections being of substantially
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' equal length and homogeneously: wound,;

e said coil comprising a plurality of layers of conduc-
_tors, overlying sections in. different layers havmg

. the same wmdmg handedness -
o ' '_*..*.:_*_*-*31_"
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