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Infra-red detection apparatus.

@ Apparatus for the detection of infra-red radi-
ation comprises a passive infra-red sensor (16),
a focusing reflector (20) constructed and ar-
ranged to focus infra-red radiation received by
the apparatus from a first range of distances
from the apparatus, on the sensor (16) , and a
focusing refractor (14) constructed and ar-
ranged to focus infra-red radiation received by
the apparatus from a second range of distances
from the apparatus, on the sensor (16), the
second distance range encompassing dist-
ances shorter than the first distance range. The
refractor may be a Fresnel lens (14) or an array
of Fresnel lenses (32, 33, 34) formed in a
polyethylene window (12) through which the
radiation is transmitted. The reflector (20) may
be a concave reflector and a second plane
reflector (22) may be included to produce a
more compact construction.
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This invention relates to apparatus for the detec-
tion of infra-red radiation having a passive infra-red
sensor and optical elements for focusing infra-red ra-
diation received from a surveyed scene onto the sen-
sor. The primary use of the invention is as an intruder
detector responsive to heat radiation radiated by the
body of an intruder.

Detection of intruders by monitoring infra-red en-
ergy from body heat radiation is now a well-
established practice. British Patent Specification No.
1335410 describes detection apparatus using an ar-
ray of spherical mirror segments sharing a common
focal point at which is located a thermoelectric sen-
sor. The axis of each mirror segment is arranged to
produce radially projecting fields of view spaced
apart so that an intruder crossing the area and enter-
ing and leaving the fields of view causes fluctuations
in the level of infra-red energy incident on the sensor.
Adevice using a mirror array generally requires a pro-
tective housing with a window on that side of the
housing facing the scene to be surveyed to allow in-
fra-red energy to pass to the array without significant
absorption and to protect the array from air currents
and dust. It is known to use silicon or germanium win-
dows, but polyethylene film typically having a thick-
ness in the region of 0.4mm is more commonly used.

More recently, the combination of a mirror array
and a polyethylene window has been replaced by a
polyethylene window in the form of a Fresnel lens, or
an array of Fresnel lenses arranged to produce dis-
crete fields of view. Such lenses are generally less ex-
pensive to manufacture than a focusing array of mir-
ror segments.

Whilst Fresnel lenses are adequate for intruder
detection over a distance range up to about 25 me-
tres, they are less suitable for longer range detection
since it is difficult to produce an inexpensive poly-
ethylene lens with a sufficiently accurately defined
field of view and without excessive aberration, which
at the same time passes the longer infrared wave-
lengths (typically 7 to 11 microns) without significant
absorption.

It is an object of the invention to provide appara-
tus capable of producing a well-defined image from
infra-red radiation emitted by a body at a range in ex-
cess of 25 metres, and preferably in excess of 50 me-
tres.

According to this invention, apparatus for the de-
tection of infra-red radiation comprises a passive in-
fra-red sensor, a focusing reflector constructed and
arranged to focus infrared radiation received by the
apparatus from a first range of distances from the ap-
paratus, on the sensor, and a focusing refractor con-
structed and arranged to focus infrared radiation re-
ceived by the apparatus from a second range of dis-
tances from the apparatus, on the sensor, the second
distance range encompassing distances shorter than
the first distance range. The focusing refractor may
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be a Fresnel lens or an array of Fresnel lenses formed
in a sheet of polyethylene material, the lens or array
of lenses causing radiation received from an object
within the second distance range to converge on the
sensor, which is preferably positioned at or near the
focal plane of the lens or array of lenses. Preferably,
the sensor and the reflector are contained within a
housing one wall of which is formed as a window fac-
ing the scene to be surveyed. Advantageously, the
window is a polyethylene film, part of which, prefer-
ably a lower part, is formed as an array of Fresnel
lenses, and another part of which is parallel-sided so
as to pass infrared radiation largely without refraction.

The focusing reflector may be a concave mirror
arranged to receive radiation through the plane por-
tion of the window from objects in the first distance
range to cause such radiation to converge on the sen-
sor. A particularly, compact arrangement can be ach-
ieved by including a second reflector, preferably a
plane reflector, as an intermediate reflector in the
optical path between the window and the above-
mentioned focusing refractor. For instance, if the sen-
sor is located in a lower part of the housing at or near
the effective focal plane of the Fresnel lens or lenses,
the concave reflector is best positioned in the top part
of housing with its reflective surface facing down-
wards and away from the window, and the plane re-
flector is best mounted generally at the same level as
the parallel-sided part of the window rearwardly with
respect to the concave reflector oriented so that ra-
diation from a distant object is reflected upwardly to
the concave reflector which then reflects the radia-
tion downwardly to converge on the sensor. It will be
appreciated that the sensor should be located at or
near the focal plane of the concave reflector, i.e. at or
near the intersection of the focal planes of the con-
cave reflector and the Fresnel lens or lenses. It will
also be appreciated that a similarly compact arrange-
ment may be achieved with the sensor in an upper
part of the housing and with the concave reflector in
a lower part.

Other arrangements are possible. That descri-
bed above results in a housing of relatively small
depth. In some situations, however, it may be impor-
tant to restrict instead the height of the housing, in
which case the concave reflector can be positioned
towards the rear of the housing so as toreflect incom-
ing radiation forwardly in the housing towards a for-
wardly mounted sensor.

In practice, when the apparatus is mounted some
distance above the ground, for example at a height of
two metres or greater, the positioning of the sensor
and the optical components described above deter-
mines the effective ranges within which radiation
sources may be detected according to the inclination
of the paths of the incoming radiation with respect of
the horizontal. Thus, radiation emanating from a body
less than 25 metres from the apparatus will be inci-
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dent upon the window at a greater angle with respect
of the horizontal than radiation emanating from a
body at, for example, 50 metres. Accordingly, the pos-
itioning of the concave and plane reflectors with re-
spect to the sensor and the parallel-sided part of the
window is arranged such that radiation from objects
at a distance of 50 metres or greater is directed onto
the sensor, while the position of the sensor with re-
spect to the lower part of the window, containing the
Fresnel lens or lenses is such that the sensor re-
ceives radiation only from objects at a distance of 25
metres or less. A typical commercially available in-
frared sensor has two heat sensitive elements about
1mm wide by 2mm high spaced apart by 1mm. It will
be appreciated, then, that if for example, the position-
ing of the sensor is such that radiation from objects
at a distance of approximately 25 metres reaches the
sensor, then objects much closer may not be detect-
ed. This difficulty can be overcome by including a sec-
ond plane reflector in the region between the Fresnel
lens or lenses and the sensor and alongside the ra-
diation path therebetween in order to reflect radiation
instant upon the Fresnel lens at a steeper angle of in-
clination (i.e. emanating from objects much nearer
than 25 metres) onto the sensor. When the sensor is
located in a lower part of the housing, it is advanta-
geous that this second plane mirror has a downward-
ly facing surface and is positioned generally above
the path of radiation travelling directly between the
Fresnel lens and the sensor so that the reflector can
act as a shield protecting the sensor from direct sun-
light.

The invention will now be described by way of ex-
ample with reference to the drawings in which:-

Figure 1 is a sectional side view of apparatus in

accordance with the invention;

Figure 2 is a front elevation of the apparatus of

Figure 1;

Figure 3 is a diagrammatic side view illustrating

the fields of view of the apparatus of Figure 1,

shown in a vertical plane;

Figure 4 is a diagrammatic plan view showing the

same fields of view as shown in Figure 3;

Figure 5 is a front view of an alternative window

for the apparatus of Figure 1;

Figure 6 is a diagrammatic side view showing the

fields of view in a vertical plane obtained with the

window shown in Figure 5; and

Figure 7 is a plan view of the fields of view pro-

duced by the window of Figure 5.

Referring to Figure 1, infra-red detection appara-
tus in accordance with the invention has an outer
housing 10 with a front aperture covered by a poly-
ethylene film window 12 which is sufficiently thin to
pass infra-red radiation having a wavelength typically
in the region of 7 to 11 microns without significant ab-
sorption. As will be seen from both Figures 1 and 2,
the window 12 has alower part which is ribbed on one
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surface to form a Fresnel lens 14 having a lens axis
14A. The remainder of the window, i.e. the upper part
15, is generally parallel-sided and is smooth on both
sides so as to pass radiation substantially without re-
fraction. The housing, together with its window pro-
vides environmental protection and electrical screen-
ing. It will also be noted that the housing 10 is taller
than it is deep.

Situated inside the lower part of the housing 10
is a pyro-electric sensor 16 containing one or more
heat sensing elements and mounted in a metallic cas-
ing 18 which also contains electronic circuitry for am-
plifying and filtering the electrical signal produced by
the sensor, as well as generating an alarm signal or
other response. The sensor 16 includes an integral
long-pass optical filter allowing transmission of long
infra-red wavelength radiation (i.e. longer than, for
example, 7 microns), and is directed towards the win-
dow and towards the opposite (upper) part of the
housing so as to be sensitive to radiation incident di-
rectly from the window 12 and from the upper part of
the housing. In order that radiation emanating from
objects 25 metres or less from the apparatus is inci-
dent upon the sensor 16, the latter is positioned at
least approximately in the focal plane of the Fresnel
lens 14 at a level corresponding to the position of the
image produced by a radiating object at the expected
declination with respect to the window 12 for an ob-
jectwithin that distance range, taking into accountthe
intended mounting orientation of the housing 10 with
respect to the horizontal and its height above ground.
Fresnel lens 14 is, of course, a positive, converging
lens formed on the inner or outer surface of the win-
dow 12.

The sensor 16 has two heat sensitive elements
typically 1mm wide by 2mm high spaced apart by
1mm. Thus, when located on the focal plane of a col-
lecting lens or mirror it will have a field of view with a
similar width-to-height ratio and a divergence de-
pendent upon focal length. Typically, a focal length of
50mm results in a field of view approximately 300mm
at 15 metres distance. The sensitivity of the sensor is
such that an aperture of not less than 3 is needed for
reliable detection of an intruder at 15 to 20 metres
with a focal length of 50mm. It will, therefore, be ap-
preciated that, in order to detect an intruder reliably
at, say, 60 metres range, the optical system requires
a focal length of at least 100mm and an aperture
greater than f2. If a lens were to be used, its diameter
would be in the region of 50mm. Such performance
cannot be achieved reliably by means of a Fresnel
lens made of an inexpensive infra-red transparent
material such as polyethylene. A polyethylene lens
suitable for passing the longer infra-red wavelengths
without significant absorption must be comparatively
thin, and since the material is soft and flexible, a lens
formed from it displays a considerable lack of flatness
resulting in optical aberration and a poorly defined
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field of view. For this reason, the present apparatus
combines a Fresnel lens short range optical system
with a mirror-based long range optical system, both
using the sensor 16. In the preferred embodiment, as
shown in Figure 1, a concave mirror 20 (preferably
having a parabolic or other comic section) is located
oppositely with respect to the sensor 16 in the hous-
ing 10, here in the upper part of the housing 10 with
its reflecting concave surface facing downwardly and
to the rear at a level corresponding to or slightly
above the upper edge of the window 12. The upper
part 15 of the window 12, above the Fresnel lens 14
is parallel-sided for passing infra-red radiation sub-
stantially without refraction. A second mirror 22,
which is a plane mirror, is located to the rear of the
housing 10 opposite the plane portion 15 of the win-
dow 12 with its reflecting surface directed forwardly
and upwardly so as to direct incoming radiation eman-
ating from objects at a distance of 25 metres or great-
er upwardly towards the focusing mirror 20. The latter
then focuses such radiation on the sensor 16 which
is located at the focal plane. The precise positioning
of the mirrors 20, 22 with respect to each other and
withrespectto the sensor 16 is such that radiation en-
tering the window 12 at the angle of declination cor-
responding to a radiation source at a distance of 25
metres to, say, 100 meftres is focused on the sensor
16. It will be noted that the plane mirror 22 is posi-
tioned so as not to obstruct radiation reflected from
the focusing mirror 20 onto the sensor 16, i.e. it is
generally further from the window 12 than the sensor
16. The optical axis of the focusing mirror 20 is in-
clined some 45° with respect to the horizontal, al-
though other angles may be used. The plane mirror
22 has dimensions somewhat greater than the field
of view of the focusing mirror and is positioned to di-
rect radiation entering the window 12 at an inclination
of some 2° upwardly at a new inclination of some 45°.
Thus, the housing 7 can be relatively small in depth
and the window can be relative close to the mounting
surface. The focal length of the focusing mirror 20 is
approximately 100mm the focal point being on an off-
set axis 20A of the mirror located some 10mm below
the front edge of the mirror and parallel to the field of
view of the sensor 16. The latter has two heat sensing
elements 1mm wide by 2mm wide located horizontally
on either side of the mirror axis 20A in its focal plane,
i.e. the sensor 16 lies on the axis 20A at the focal
point. As aresult two long range fields of view are pro-
vided having a cross-sectional ratio of 2:1 with a di-
vergence in the ratio 100:1 horizontally and 50:1 vert-
ically, as shown by the reference numerals 24 and 25
in Figures 3 and 4.

When an intruder crosses the fields of view 24,
25, infrared energy due to body heat enters window
12, and is reflected by plane mirror 22 onto focusing
mirror 20 which then focuses the energy firstly onto
one and then secondly on to the other of the heat-
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sensing elements of sensor 16. The connection of the
heat-sensing elements is such that one element pro-
duces a positive-going electrical signal whilst the
other element produces a negative-going signal so
that changes in ambient background temperatures
produce opposing signals which cancel out, whereas
an intruder crossing first one, and then the other field
of view will produce a signal of one polarity followed
by a signal of the other polarity. The electronic circui-
try coupled to the sensor 16 is arranged to detect
such signal sequences in order to generate an alarm
signal. It will be understood that additional heat-
sensing elements may be used to provide differently
directed fields of view within the scope of the inven-
tion.

Referring again to Figures 3 and 4, the position-
ing of the sensor 6 and the axis 14A of the Fresnel
lens 14 results in fields of view centred on a declina-
tion of approximately 5 degrees below the centre de-
clination of the long range fields of view 24, 25. These
shorter range fields of view are shown by reference
numerals 26 and 27 in figures 3 and 4. As a result,
movement of an intruder at a range of 25 metres and
somewhat less produces the same electrical signals
as described above with respect to the long range
fields of view produced by focusing mirror 20.

To extend the range of operation of the apparatus
still nearer, a second plane mirror 28 is positioned
within the housing behind the Fresnel lens portion 14
of window 12 just above the radiation envelope cor-
responding to the field of view provided by direct opt-
ical transmission between lens 14 and sensor 16, with
its reflecting surface facing downwardly and slightly
towards window 12. So positioned, this second plane
mirror 28 reflects radiation emanating from an intrud-
er much closer to the apparatus, the radiation pass-
ing through the Fresnel lens 14 and, as before, being
focused in the region of the sensor 16. The position-
ing of the mirror 22 also shades the sensor from sun-
light entering through the upper part 15 of window 12.
The fields of view provided by mirror 28 in combina-
tion with lens 14 and sensor 16 are indicated by ref-
erence numerals 29 and 30 in Figures 3 and 4.

The approximate angle of inclination of radiation
entering from the three field of view pairs so far de-
scribed are shown in Figure 1 by dotted lines and by
the same reference numerals as used in Figures 3
and 4.

Referring now to Figures 5, 6, and 7, additional
fields of view may be provided by dividing the lower
portion of window 12 into more than one Fresnel lens.
In this second embodiment three Fresnel lenses 32,
33, and 34 are formed beneath the plain part of win-
dow 12, central lens 33 having an axis which passes
through the window at approximately the same pos-
ition as that of lens 14 shown in Figure 2, while lenses
32 and 34 have axes 32A and 34A below the level of
axis 33A of the central lens 33, as shown in Figure 5.
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This arrangement results in fields of view due to lens-
es 32 and 34 at generally steeper angles of inclination
than those due to lens 33. These fields of view are
shown in Figures 6 and 7. As before, the fields of view
due to focusing mirror 20 are indicated by numerals
24 and 25, and those due to the Fresnel lens 33 with
direct transmission between the lens and the sensor
16 are shown by reference numerals 26 and 27.
Again, as before, the fields of view due to central lens
33 and mirror 28 are indicated by reference numerals
30 and 31. The additional fields of view produced by
lenses 32 and 34 are indicated by the numerals 36,
37 and 38, 39 respectively for direct transmission to
the sensor 16, and by the numerals 40, 41 and 42, 43
respectively for transmission via mirror 28. It will be
noted from Figure 7 that these additional fields of
view are directed to either side of the fields of view 26,
27, 30, 31 produced by the central lens 33 due to the
positioning of the axes 32A, 34A, of the lens 32 and
34 to either side of the central lens axis 33A.

While in the embodiments described above the
positions of the plane mirror 22 and 28 are fixed, it is
possible to provide for fine adjustment of their posi-
tion to allow adjustment of the positions of the fields
of view. The same may be said of focusing mirror 22.

Clearly, combinations of lenses other than those
shown in Figures 2 and 5 may be used in order to pro-
vide alternative layouts of fields of view depending on
the scene to be surveyed. Additional focusing reflec-
tors may be used in combination with the Fresnel lens
or lens array to produce additional long range fields
of view.

The apparatus described above may be summa-
rised as an infrared intrusion detector system having
a pyro-electric sensor with long pass infra-red filter
means, a focusing mirror, a polyethylene film window
having a smooth area and a focusing Fresnel lens or
lens array. A plane reflector is located within the field
of view of the focusing mirror between that mirror and
the polyethylene window. A secondary plane reflec-
tor is located between the sensor and the Fresnel
lens or lens array, the sensor being located substan-
tially at the common focal point of the focal mirror and
the Fresnel lens or lens array to produce discrete
spaced-apart fields of view. The focusing mirror has
a focal length substantially longer than the focal
length of the Fresnel lens or lens array to produce a
relatively narrow long range field of view in compari-
son to the fields of view obtained with the Fresnel
lens.

Several focusing reflectors may be provided each
having a focal length longer than the focal length of
the Fresnel lens or lens array to provide additional
long range fields of view. Also, additional fields of
view may be provided by including a sensor arrange-
ment with more than two sensing elements at prede-
termined positions.

In yet a further embodiment, the Fresnel lens or
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lens array may be separately located from the
smooth window portion. It is also possible to use ma-
terials other than polyethylene which transmit infra-
red radiation, for example germanium or silicon. This
applies both to the Fresnel lens or lens array and to
the smooth part of the window.

Uses of the apparatus in addition to intruder de-
tection may include the control of internal or external
lighting, and the control of observation cameras, for
example.

Claims

1. Apparatus for the detection of infra-red radiation
comprising a passive infra-red sensor (16), a fo-
cusing reflector (10) constructed and arranged to
focus infrared radiation received by the appara-
tus from a first range of distances from the appa-
ratus, on the sensor (16), and a focusing refractor
(14) constructed and arranged to focus infra-red
radiation received by the apparatus from a sec-
ond range of distances from the apparatus, on
the sensor (186), the second distance range en-
compassing distances shorter than the first dis-
tance range.

2. Apparatus according to claim 1, constructed and
arranged to receive radiation from the first dis-
tance range which is incident on the apparatus at
an inclination less than that of the second dis-
tance range.

3. Apparatus according to claim 1 or claim 2, where-
in the sensor is mounted substantially at an inter-
section of the focal planes of the focusing reflec-
tor (10) and the focusing refractor (14) .

4. Apparatus according to any preceding claim,
wherein the focusing refractor comprises at least
one Fresnel lens (14; 32, 33, 34).

5. Apparatus according to any preceding claim,
wherein the sensor and reflector are contained
within a housing, (10), one wall of which compris-
es a window (12) for transmitting infra-red radia-
tion.

6. Apparatus according to claim 5, wherein the win-
dow (12) comprises a first portion (15) having
substantially parallel sides for the transmission of
infra-red radiation largely without refraction and
a second portion (14) which forms the focusing
refractor.

7. Apparatus according to claim 6, wherein the win-
dow (12) is formed from a polyethylene material.
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Apparatus according to claim 6 or claim 7, where-
in in use, the first portion (15) is above the sec-
ond portion (14).

Apparatus according to any preceding claim,
wherein the focusing reflector (20) is a concave
mirror arranged to receive radiation through the
first portion (15) of the window from an object in
the first distance range and to cause such radia-
tion to converge on the sensor (16).

Apparatus according to any preceding claim,
comprising a second reflector (22) mounted in
the optical path between the window (12) and the
focusing reflector (20) such that radiation from
the first distance range is incident on the second
reflector (22) and is thereby reflected to the fo-
cusing reflector (20).

Apparatus according to claim 10, wherein the
second reflector (22) is a plane reflector.

Apparatus according to any preceding claim,
comprising an additional reflector (28) mounted
between the sensor (16) and the focusing refrac-
tor (14), and constructed and arranged to reflect
radiation incident on the focusing refractor (14)
from a third range of distances from the appara-
tus, on the sensor (16), the third distance range
encompassing distances shorter than the sec-
ond distance range.

Apparatus according to claim 12, wherein the ad-
ditional reflector (28) is a plane reflector.

Apparatus according to claim 12 or claim 13, con-
structed and arranged to receive radiation from
the third distance range which is incident on the
apparatus at an inclination greater than that of
the second distance range.
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