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Description

[0001] The invention relates to an electromagnetic ra-
diation sensing device and signal processing methods,
this device having particular relevance in the field of py-
roelectric passive infra-red detector devices as used in
intruder alarm systems.
[0002] Pyroelectric passive infra-red (PIR) detectors
have long been established as the preferred actuating
sensors for use in intruder detection systems. The gen-
eration of a charge within the pyroelectric material by
incident electromagnetic radiation is used as the trigger
for alarm actuation.
[0003] The majority of current PIR detectors employ
a balanced 'dual' element sensor, which utilise only a
single amplification channel. Noise, either present in the
sensor or the amplification pathway, can result in unde-
sired actuation of the alarm. A solution to this problem
is the use of a 'quad' sensor having two output channels
each with independent amplification channels, the
alarm being actuated only when similar signals are
present on both channels, thus reducing the frequency
of false alarms. However, current 'quad' sensor based
PIR detectors suffer from a pronounced asymmetry in
output signals between the two output channels. This is
due to asymmetries present in the detector elements
themselves. These asymmetries in output signal mani-
fest themselves in both phase and amplitude differenc-
es and present severe problems when attempts are
made to perform correlation or difference signal
processing upon the outputs in order further to reduce
the frequency of false alarms.
[0004] It is an object of the present invention to pro-
vide an improved electromagnetic radiation sensing de-
vice which obviates or mitigates these problems.
[0005] It is a further object of the present invention to
provide signal processing methods which obviate or mit-
igate these problems.
[0006] According to the present invention an electro-
magnetic radiation sensing device comprises an n x m
array of detecting elements (where n and m are integers
greater than unity), the elements being symmetrically
arranged about at least one axis so as to form at least
two sub-arrays such that, in use, in response to illumi-
nation by electromagnetic radiation the sub-arrays pro-
duce output signals which are substantially equivalent
in magnitude and phase.
[0007] The axes of symmetry may be two orthogonal
axes.
[0008] Preferably the sub-array output signals are
substantially equivalent in magnitude and phase when
progressively illuminated from an edge of the sub-arrays
in either the horizontal or vertical directions by the
source of illumination.
[0009] More preferably the horizontal and vertical di-
rections define the two orthogonal axes of symmetry.
[0010] Even more preferably the output response of
the sub-arrays to motion of the source of illumination is

invariant between any two sub-arrays.
[0011] Desirably the detecting elements are of pyro-
electric material.
[0012] The electromagnetic radiation sensing device
may be for use in the infrared region.
[0013] Beneficially at least two electromagnetic radi-
ation sensing devices, as characterised above, are cou-
pled so as to form a multi-channel detector, in which
each channel is connected to one sub-array on each of
the devices.
[0014] The electromagnetic radiation sensing device
may be used to trigger an alarm.
[0015] According to another aspect of the invention,
there is provided a method of analogue comparison as
defined in claim 11.
[0016] Advantageously an output from an analogue
difference comparison of the multi-channel detector out-
puts is used to trigger an alarm.
[0017] Alternatively an output from a digital correlator,
following A/D conversion of the multi-channel detector
outputs, acting upon said converted outputs is used to
actuate an alarm.
[0018] The invention will now be described, by way of
example, with reference to the accompanying drawings
in which:

Figure 1 is a view of an example of a pair of elec-
tromagnetic radiation sensing devices which em-
body the present invention;

Figure 2 shows an alternative embodiment of the
electromagnetic radiation sensing device of Figure
1;

Figure 3 is a schematic block diagram of the corre-
lation signal processing circuitry.

Figure 4 is a schematic block diagram of the differ-
ential signal processing circuitry.

[0019] Two rectangular idealised 'six pad' sensors 10,
11 shown in Figure 1 each comprise a 3 3 2 array 12 of
rectangular pyroelectric elements 14, the array being di-
vided into two sub-arrays 16, 18. Figure 1 shows the two
'six pad' sensors 10,11 with the sub-arrays 16, 18 la-
belled Y and X respectively. This naming convention will
be held in respect of detailing sub-array and sensor out-
puts hereinafter.
[0020] The sub-arrays 16, 18 are symmetrically ar-
ranged relative to both horizontal and vertical axes, such
that, in use, a large intruder, a large intruder being de-
fined as an intruder substantially filling the field of view
of focusing optics, in this case a Fresnel lens 40, Figures
3 and 4, illuminates both sub-arrays 16, 18 equally. This
equal illumination results in output signals from both
sub-arrays 16, 18 being saubstantially equivalent.
[0021] In an alternative, more practicable, embodi-
ment shown in Figure 2 a rectangular 'six pad' sensor
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20 comprises a 3 3 2 array 22 of detector elements 24,
the array 22 being divided into two sub-arrays 26, 28.
Adjacent detector elements 24 within each of the sub-
arrays 26, 28 are selectively interconnected by narrow
active strips 30, 32, 34, 36. In use, the narrow active
strips 30, 32, 34, 36, are of a width such that thermal
leakage edge effects will reduce pyroelectric efficiency
to such an extent that there will be no significant contri-
bution to the output signal from these strips 30, 32, 34,
36 and they are therefore not regarded as detecting el-
ements 24.
[0022] Non-conducting guard bands 38 separate the
sub-arrays 26, 28 such that, in use, there is no cross
talk between said sub-arrays 26, 28.
[0023] The detector outputs can be processed using
either correlation signal processing, Figure 3, or differ-
ence signal processing, Figure 4.
[0024] As shown in Figure 3, a Fresnel lens 40 focus-
es radiation from an intruder on to a multi-channel de-
tector 42. The outputs from said detector 42 are passed
to independent pre-amplifiers 44, 46. The amplified sig-
nals are output to an ASIC 48, wherein band pass filter-
ing occurs, and subsequently to a microcontroller 50.
[0025] The microcontroller 50 includes a eight bit an-
alogue to digital (A/D) converter 52 wherein a population
of forty two samples is formed, at a sampling rate of
twenty milliseconds, for each of the outputs. These pop-
ulations of channels X and Y being hereinafter referred
to as x and y respectively.
[0026] These populations are compared using a cor-
relation function represented by the following algo-
rithms:

(Cx,y = 1 for identical signals)
σx and σy are standard deviations of the populations x
and y.

and

 are the mean of the populations x and y.

[0027] When Cx,y exceeds a pre-determined thresh-
old value, e.g. 0.9, the signals are considered similar
enough to produce an alarm and an actuation signal is
produced. The case of perfect correlation, Cx,y = 1, is
not used to produce an actuation signal as perfect cor-
relation occurs when there is no signal output from the
sensors 10, 11.
[0028] To reduce the frequency of false alarms due to

Cx,y = Cov(x,y)
σxσy

------------------------

x

y

static thermal background radiation a consideration of
the standard deviation of the populations is calculated.
When the standard deviation exceeds a threshold value
an actuating signal is produced. A processor 54 of the
microcontroller 50 includes a routine which creates an
activity signal if, within a predetermined duration time
window started when either one of the correlation func-
tion process or the standard deviation calculation proc-
ess produces an actuation signal, the other process pro-
duces an actuation signal, i.e. if the standard deviation
exceeds its threshold and the correlation function ex-
ceeds its threshold within the predetermined duration.
The processor also includes a soft counter which acts
as an integrator. The count is incremented by each ac-
tivity signal and decremented every 0.5 seconds. If the
count reaches 5 an alarm signal is generated.
[0029] In the case of differential signal processing cir-
cuitry shown in Figure 4, output signals from a detector
42 are passed to independent amplifiers 58, 60 the out-
puts of which are passed to both an amplifier 62 and a
differential signal processing unit 64 and compared at
the amplifier 62 so as to provide an output signal there-
from which is the difference between the two channels.
[0030] The three signals are processed in the differ-
ential signal processing unit 64, wherein comparator
thresholds are set which if exceeded in conjunction with
substantially the same output from both detector arrays,
i.e. there is a small difference signal, an actuation signal
is sent to the alarm processing unit 66.

Claims

1. An electromagnetic radiation sensing device char-
acterised in that, an n 3 m array (22) of detecting
elements (24) (where n and m are integers greater
than unity), the elements (24) being symmetrically
arranged about at least one axis, so as to form at
least two sub-arrays (26,28) such that, in use, in re-
sponse to illumination by electromagnetic radiation
the sub-arrays (26,28) produce output signals
which are substantially equivalent in magnitude and
phase.

2. An electromagnetic radiation sensing device as
claimed in Claim 1 wherein, the output signals of
any two sub-arrays (26,28) remain substantially
equivalent when illuminated by a moving source of
illumination.

3. An electromagnetic radiation sensing device as
claimed in Claim 2 wherein, the sub-array (26,28)
output signals are substantially equivalent in mag-
nitude and phase when progressively illuminated
from an edge of the sub-arrays (26,28) in either the
horizontal or vertical directions by the source of il-
lumination.
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4. An electromagnetic radiation sensing device as
claimed in any of Claims 1 to 3 wherein, the detect-
ing elements (24) are of pyroelectric material.

5. An electromagnetic radiation sensing device as
claimed in any preceding Claim which, in use, sens-
es in the infrared region.

6. An electromagnetic radiation sensing device as
claimed in any preceding Claim wherein, the axes
of symmetry are two orthogonal axes.

7. An electromagnetic radiation sensing device as
claimed in Claim 6 wherein, the horizontal and ver-
tical directions define the two orthogonal axes of
symmetry.

8. Two electromagnetic radiation sensing devices, as
characterised in any of the preceding Claims, cou-
pled so as to form a multi-channel detector (42), in
which, in use, each channel is connected to one
sub-array (26,28) on each of the sensing devices
(20).

9. An electromagnetic radiation sensing device as
claimed in any preceding Claim wherein, the sens-
ing device is used in the actuation of an alarm.

10. An electromagnetic radiation sensing device as
claimed in any of Claims 1 to 8, wherein the output
signal from the sensing device is used in the actu-
ation of an alarm.

11. A method of analogue comparison of said output
signals from an electromagnetic radiation sensing
device as claimed in any one of Claims 1 to 10, in
order to produce a further output signal, which is
utilised as an actuation signal.

12. A method of analogue comparison of said output
signals as claimed in Claim 11, wherein an ana-
logue difference comparison of outputs of a multi-
channel detector (42) is used in the actuation of an
alarm.

13. A method of analogue comparison of said output
signals as claimed in Claim 12, wherein the alarm
is actuated when the output of an analogue differ-
ence comparison of the outputs of the two multi-
channel detector (42) outputs is less than a thresh-
old value and the multi-channel detector (42) out-
puts cross respective thresholds.

14. A method of comparison of said output signals from
an electromagnetic radiation sensing device as
claimed in any one of Claims 1 to 10, wherein an
output from an analogue to digital (A/D) converter/
correlator (52), following A/D conversion of ana-

logue outputs of a multi-channel detector (42), act-
ing upon said converted outputs is used to actuate
an alarm.

15. A method of comparison of said output signals as
claimed in Claim 14, wherein said digital correlator
(52) generates an activity signal when the correla-
tion between samples of the multi-channel detector
(42) outputs exceeds a threshold value.

16. A method of comparison of said output signals as
claimed in Claim 15, wherein said digital correlator
(52) generates a further activity signal when the
standard deviation of a sample of one of the multi-
channel detector (42) outputs exceeds a threshold
value.

17. A method of comparison of said output signals as
claimed in Claim 15 or Claim 16, wherein a counter
is incremented by said activity signal.

18. A method of comparison of said output signals as
claimed in Claim 17, wherein an alarm is actuated
if said counter exceeds a threshold value within a
specified time period.

Patentansprüche

1. Eine Erfassungseinrichtung für elektromagnetische
Strahlung, gekennzeichnet durch ein n 3 m Feld
(22) von Detektionselementen (24) (wobei n und m
Integer größer als Eins sind), wobei die Elemente
(24) symmetrisch um wenigstens eine Achse herum
angeordnet sind, um so wenigstens zwei Unterfel-
der (26, 28) derart zu bilden, dass bei der Verwen-
dung, im Ansprechen auf eine Bestrahlung durch
eine elektromagnetische Strahlung, die Unterfelder
(26, 28) Ausgangssignale erzeugen, die im We-
sentlichen äquivalent in der Größe und der Phase
sind.

2. Erfassungseinrichtung für elektromagnetische
Strahlung nach Anspruch 1, wobei die Ausgangssi-
gnale von irgendwelchen zwei Unterfeldern (26, 28)
im Wesentlichen äquivalent bleiben, wenn durch ei-
ne sich bewegende Bestrahlungsquelle bestrahlt.

3. Erfassungseinrichtung für elektromagnetische
Strahlung nach Anspruch 2, wobei die Unter-
feld-(26, 28)-Ausgangssignale im Wesentlichen in
der Größe und der Phase äquivalent sind, wenn von
einer Kante der Unterfelder (26, 28) in entweder der
horizontalen oder vertikalen Richtung durch die Be-
strahlungsquelle progressiv bestrahlt.

4. Erfassungseinrichtung für elektromagnetische
Strahlung nach irgendeinem der Ansprüche 1 bis 3,
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wobei die Erfassungselemente (24) aus einem py-
roelektrischen Material sind.

5. Erfassungseinrichtung für elektromagnetische
Strahlung nach irgendeinem vorangehenden An-
spruch, die bei der Verwendung in dem Infrarotbe-
reich erfasst.

6. Erfassungseinrichtung für elektromagnetische
Strahlung nach irgendeinem vorangehenden An-
spruch, wobei die Symmetrieachsen zwei orthogo-
nale Achsen sind.

7. Erfassungseinrichtung für elektromagnetische
Strahlung nach Anspruch 6, wobei die horizontalen
und vertikalen Richtungen die zwei orthogonalen
Symmetrieachsen definieren.

8. Zwei Erfassungseinrichtungen für elektromagneti-
sche Strahlung, wie in irgendeinem der vorange-
henden Ansprüche charakterisiert, so gekoppelt,
um einen Mehrkanal-Detektor (42) zu bilden, wobei
bei der Verwendung jeder Kanal mit einem Unter-
feld (26, 28) auf jeder der Erfassungseinrichtungen
(20) verbunden ist.

9. Erfassungseinrichtung für elektromagnetische
Strahlung nach irgendeinem vorangehenden An-
spruch, wobei die Erfassungseinrichtung bei der
Betätigung eines Alarms verwendet wird.

10. Erfassungseinrichtung für elektromagnetische
Strahlung nach irgendeinem der Ansprüche 1 bis 8,
wobei das Ausgangssignal von Erfassungseinrich-
tung bei der Betätigung eines Alarms verwendet
wird.

11. Verfahren eines analogen Vergleichs der Aus-
gangssignale von einer Erfassungseinrichtung für
elektromagnetische Strahlung nach irgendeinem
der Ansprüche 1 bis 10, um ein weiteres Ausgangs-
signal zu erzeugen, das als ein Betätigungssignal
verwendet wird.

12. Verfahren eines analogen Vergleichs der Aus-
gangssignale nach Anspruch 11, wobei ein analo-
ger Differenzvergleich von Ausgängen eines Mehr-
kanaldetektors (42) bei der Betätigung eines
Alarms verwendet wird.

13. Verfahren eines analogen Vergleichs der Aus-
gangssignale nach Anspruch 12, wobei der Alarm
betätigt wird, wenn der Ausgang eines analogen
Differenzvergleichs der Ausgänge von zwei Mehr-
kanaldetektor-(42)-Ausgängen kleiner als ein
Schwellwert ist und die Ausgänge der Mehrkanal-
detektor (42) entsprechende Schwellwerte über-
queren.

14. Verfahren eines Vergleichs der Ausgangssignale
von einer Erfassungseinrichtung für elektromagne-
tische Strahlung nach irgendeinem der Ansprüche
1 bis 10, wobei ein Ausgang von einem Analog-zu-
Digital-(A/D) Wandler/Korrelator (52), einer A/D
Umwandlung von analogen Ausgängen eines
Mehrkanaldetektors (42) folgend, auf die umge-
wandelten Ausgänge hin wirkend, verwendet wird,
um einen Alarm zu betätigen.

15. Verfahren eines Vergleichs der Ausgangssignale
nach Anspruch 14, wobei der digitale Korrelator
(52) ein Aktivitätssignal erzeugt, wenn die Korrela-
tion zwischen Abtastwerten des Mehrkanaldetek-
tors (42) einen Schwellwert überschreitet.

16. Verfahren eines Vergleichs der Ausgangssignale
nach Anspruch 15, wobei der digitale Korrelator
(52) ein weiteres Aktivitätssignal erzeugt, wenn die
Standardabweichung eines Abtastwerts von einem
Mehrkanaldetektor (42) einen Schwellwert über-
schreitet.

17. Verfahren eines Vergleichs der Ausgangssignale
nach Anspruch 15 oder Anspruch 16, wobei ein
Zähler durch das Aktivitätssignal inkrementiert
wird.

18. Verfahren eines Vergleichs der Ausgangssignale
nach Anspruch 17, wobei ein Alarm betätigt wird,
wenn der Zähler einen Schwellwert innerhalb einer
spezifizierten Zeitperiode übersteigt.

Revendications

1. Dispositif de détection de rayonnement électroma-
gnétique caractérisé en ce que, dans un réseau n
3 m (22) d'éléments de détection (24) (où n et m
sont des entiers supérieurs à l'unité), les éléments
(24) sont agencés de façon symétrique autour d'au
moins un axe de manière à former au moins deux
sous-réseaux (26, 28) de telle sorte que, en utilisa-
tion, en réponse à un éclairage par un rayonnement
électromagnétique, les sous-réseaux (26, 28) pro-
duisent des signaux de sortie qui sont sensiblement
équivalents en amplitude et en phase.

2. Dispositif de détection de rayonnement électroma-
gnétique selon la revendication 1, dans lequel les
signaux de sortie de deux sous-réseaux quelcon-
ques (26, 28) restent sensiblement équivalents
lorsqu'ils sont éclairés par une source d'éclairage
mobile.

3. Dispositif de détection de rayonnement électroma-
gnétique selon la revendication 2, dans lequel les
signaux de sortie de sous-réseaux (26, 28) sont
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sensiblement équivalents en amplitude et en phase
lorsqu'ils sont éclairés de façon progressive depuis
un bord des sous-réseaux (26, 28) soit suivant la
direction horizontale, soit suivant la direction verti-
cale par la source d'éclairage.

4. Dispositif de détection de rayonnement électroma-
gnétique selon l'une quelconque des revendica-
tions 1 à 3, dans lequel les éléments de détection
(24) sont en un matériau pyroélectrique.

5. Dispositif de détection de rayonnement électroma-
gnétique selon l'une quelconque des revendica-
tions précédentes qui, en utilisation, détecte la ré-
gion des infrarouges.

6. Dispositif de détection de rayonnement électroma-
gnétique selon l'une quelconque des revendica-
tions précédentes, dans lequel les axes de symétrie
sont deux axes orthogonaux.

7. Dispositif de détection de rayonnement électroma-
gnétique selon la revendication 6, dans lequel les
directions horizontale et verticale définissent les
deux axes de symétrie orthogonaux.

8. Deux dispositifs de détection de rayonnement élec-
tromagnétique tels que caractérisés dans l'une
quelconque des revendications précédentes, cou-
plés de manière à former un détecteur multicanal
(42), où, en utilisation, chaque canal est connecté
à un sous-réseau (26, 28) sur chacun des disposi-
tifs de détection (20).

9. Dispositif de détection de rayonnement électroma-
gnétique selon l'une quelconque des revendica-
tions précédentes, dans lequel le dispositif de dé-
tection est utilisé au niveau de l'actionnement d'une
alarme.

10. Dispositif de détection de rayonnement électroma-
gnétique selon l'une quelconque des revendica-
tions 1 à 8, dans lequel le signal de sortie en pro-
venance du dispositif de détection est utilisé au ni-
veau de l'actionnement d'une alarme.

11. Procédé de comparaison analogique desdits si-
gnaux de sortie en provenance d'un dispositif de dé-
tection de rayonnement électromagnétique selon
l'une quelconque des revendications 1 à 10, afin de
produire un signal de sortie supplémentaire, lequel
est utilisé en tant que signal d'actionnement.

12. Procédé de comparaison analogique desdits si-
gnaux de sortie selon la revendication 11, dans le-
quel une comparaison en termes de différence ana-
logique de sorties d'un détecteur multicanal (42) est
utilisée au niveau de l'actionnement d'une alarme.

13. Procédé de comparaison analogique desdits si-
gnaux de sortie selon la revendication 12, dans le-
quel l'alarme est actionnée lorsque la sortie d'une
comparaison en termes de différence analogique
des sorties des deux détecteurs multicanaux (42)
est inférieure à une valeur de seuil et les sorties des
détecteurs multicanaux (42) croisent des seuils res-
pectifs.

14. Procédé de comparaison desdits signaux de sortie
en provenance d'un dispositif de détection de
rayonnement électromagnétique selon l'une quel-
conque des revendications 1 à 10, dans lequel une
sortie en provenance d'un convertisseur/corréla-
teur analogique-numérique (A/N) (52), à la suite
d'une conversion A/N de sorties analogiques d'un
détecteur multicanal (42), opérant sur lesdites sor-
ties converties est utilisée pour actionner une alar-
me.

15. Procédé de comparaison desdits signaux de sortie
selon la revendication 14, dans lequel ledit corréla-
teur numérique (52) génère un signal d'activité lors-
que la corrélation entre des échantillons des sorties
des détecteurs multicanaux (42) excède une valeur
de seuil.

16. Procédé de comparaison desdits signaux de sortie
selon la revendication 15, dans lequel ledit corréla-
teur numérique (52) génère un signal d'activité sup-
plémentaire lorsque la déviation standard d'un
échantillon de l'une des sorties des détecteurs mul-
ticanaux (42) excède une valeur de seuil.

17. Procédé de comparaison desdits signaux de sortie
selon la revendication 15 ou 16, dans lequel un
compteur est incrémenté par ledit signal d'activité.

18. Procédé de comparaison desdits signaux de sortie
selon la revendication 17, dans lequel une alarme
est actionnée si ledit compteur excède une valeur
de seuil dans une période temporelle spécifiée.
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