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i
INTRUDER DETECTION SYSTEM

The present invention relates to an intruder 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 ob-
ject, such as, for example, house breaking 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 relatively difficult to in-
stal.

It is an object of the present invention to provide 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 high permeability magnetic core on
which is wound a coil in the form of successive sections
of respectively opposite winding handednesses, a high
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 in-
homogeneous 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
magnitude 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 de-
pends on the latitude of the location involved.

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

In the case of the present invention, this moving, in-
homogeneous magnetic field associated with the object
will be greatly enhanced and concentrated by the high
permeability core and there will be induced in the vari-
ous sections of the coil, electromotive forces which are
cumulative along the length of the line and which result
in the production of a detectable voltage across the coil
leads. On the other hand, any change in the homoge-
neous 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 voltage 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.

Where a low impedance line is employed, in order to
amplify 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
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circuit such as for example a threshold detector by
means of which unwanted signals are rejected. The out-
put of the discriminator can then be coupled to an ap-
propriate alarm system which can be visual or audible.

For better understanding 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
drawings in which

FIGS. 1 and 2 are schematic representations of three
forms of lines in accordance with the present invention,

FIG. 3 is a schematic circuit block diagram of the in-
truder detection system in accordance with the inven-
tion, and

FIG. 4 is a schematic cross sectional representation
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 is
wound a coil 3. The coil 3 is wound in the form of suc-
cessive, single-layer, sections 3a of respectively oppo-
site 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
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 con-
stituent layers of each section form like-handed wind-
ings, the handedness alternating from section to sec-
tion.

As seen schematically 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 5 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 ex-
ample) 1 to 50 and a primary winding of (for example)

.100 Henry is employed. The output of the transformer

5 is fed to the amplifier which has an input impedance
of several megohms in the above signal frequency
range and has a noise characteristic of less than one
micro volt. The output of the amplifier 6 is fed to.a dis-
criminator 7 whose purpose is to discriminate between
signals whose voltage lies above or. below a certain
minimum value. The output of the discriminator 7.is
fed to a suitable alarm system which can be audio, vi-
sual 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
object passes between two successive sections and a
theoretically zero value when the object passes the mid
point of any specific 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 employed wherein
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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 specific section a detectable signal
will be obtained at least in one of the displays.

In one particular example of a flexible line (shown
schematically in FIG. 4 of the drawings) the core 1 con-
sists of a considerable number (e.g. 7X19) of numetal
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 successively opposite winding handednesses. Each
section is 700 mm in length and in consequence 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 be-
tween the two layers of winding a thin nylon insulating
layer, not shown, (0.05 mm thickness) can be wound
on the core and between the windings. The windings
are encased in a copper braiding shield 11 which is in
its turn located within an outer plastic envelope 12 and
in this way moisture is prevented from entering the line.

It will be appreciated that other materials can be em-
ployed for the magnetic core and conductive windings
and other dimensions can be used.

Furthermore, whilst in the arrangement shown in
FIG. 2 of the drawings a second winding is interposed
between successive sections of a first winding this sec-

" ond winding can be superimposed on the first winding
but shifted with respect thereto.

An intruder detection system including a line (prefer-
ably flexible) in accordance with the present invention
enjoys the distinct advantage that the line which can be
of small diameter can be rapidly and simply buried in
a single narrow trench even in difficult terrain. Such a
single line can be effectively protective against damage,
e.g. by rodents by enclosing it in a pipe, e.g. an alumi-
num irrigation pipe. The same trench in which the line
is laid can also serve to accommodate the leads to and
from the line. Thus a plurality of successive lines (each
e.g. being about 200 m in length) can be coupled by
means of these leads to the respective electronic units
which can all be located in a single control post.

I claim:

1. A passive line for an intruder detection system op-
erable in the earth’s magnetic field, comprising:

a. a plurality of elongated high-permeability wires ar-
ranged 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;
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and

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.

2. An intruder detection system using the line of

.claim 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
to effect flexing of the line; and

b. an outer plastic envelope encasing the shield for
waterproofing the line.

4. A passive line for an intruder detection system op-

erable in the earth’s magnetic field, comprising:

a. a plurality of elongated high-permeability wires ar-
ranged 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

. ¢. a second coil wound on the core and comprising
at least 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 passive line for an intruder detection system op--

erable in the earth’s magnetic field, comprising: '

a. a plurality of elongated high-permeability wires ar-
ranged 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;
and _ ) : v

b. a coil wound on the core having at least one layer
of insulated conductor wound on the core inthe
form of many successive lengthwise serially con-
nected sections of respectively opposite-winding
handedness, the sections being of substantially
equal length and homogeneously wound;

c. said coil comprising a plurality of layers of conduc-
tors, overlying sections in different layers having

the same winding handedness.
* * * * *



