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Description
Field of the invention

[0001] The presentinvention relates to the field of presence detection. More specifically it relates to the determination
of the presence of objects in a region of interest by using a thermal radiation sensor.

Background of the invention

[0002] Presence or occupancy detection is used in systems that automatically take action when an object of interest,
e.g. a person, is present in a region of interest, e.g. a surveillance area. For example, a door, e.g. a sliding door, may
be automatically opened when people are standing in front of it, lights may be switched on when a person enters a room
oris in the vicinity of the lights, lights may be switched off when no-one is in a room, or an alarm may be triggered when
an intrusion is detected.

[0003] Several methods of presence detection are known in the art. For example, pressure sensitive sensors or
inductive loops may be integrated in a floor in order to detect the presence of persons or vehicles. For heat generating
objects, e.g. particularly for persons and/or animals such as pets, detection may involve sensors for detecting infrared
radiation emitted by these objects. Infrared detection may be carried out using compact and affordable technology, and
has the advantage over other techniques, such as visual image recognition, acoustic sensing or ultrasonic detection,
that warm-blooded living beings, such as humans, emit thermal radiation having a characteristic spectral distribution,
e.g. a peak around 9.5 um for humans, and having considerable power, e.g. around 100 W for humans. Since infrared
radiation is emitted by these warm-blooded living beings, detection does not require external lighting. Furthermore, many
materials which are opaque or only allow limited transmission of light in the visual spectrum are transparent for infrared
radiation.

[0004] As an example, in state of the art devices for presence or occupancy detection, passive infrared (PIR) sensors
are commonly used to detect moving heat generating objects in a surveillance area. Such a PIR sensor transforms
infrared energy, e.g. heat radiation, into an electrical signal, e.g. a voltage. The term passive in this instance means that
the PIR sensor does not emit an infrared beam but merely passively accepts incoming infrared radiation. PIR sensors
for detecting persons may have a wavelength sensitivity peak tuned to around 10 um, e.g. close to the 9.5 um, the peak
wavelength of infrared radiation emitted by humans. Such a PIR sensor device for occupancy detection is disclosed in
US 4,318,089. In this document, a prior art PIR sensor device for presence detection may comprise a pair of spaced
apart infrared radiation sensing elements in an enclosure, such as a three-pin metal header package for semiconductor
devices, e.g. a TO-5 package. The enclosure may further feature a transparent window in order to limit the radiation
transmitted through the window into the enclosure to a suitable wavelength range, e.g. between 5 um and 15 um or
between 7 um and 14 pm. Such a transparent window may for example be manufactured from an appropriate material
such as germanium, silicon or polyethylene.

[0005] In a typical prior art PIR sensor device, the pair of infrared radiation sensing elements may be pyroelectric
elements, connected in a voltage bucking configuration, for example connected in anti-phase series, e.g. by an electrically
connected pair of matched poles of both elements. Pyroelectric elements have a differential response; a temperature
change induces a temporary voltage change over the element which will dissipate due to leakage current at constant
temperature. However, a differential readout arrangement over two elements may additionally cancel out signals caused
by vibration, ambient temperature changes or field-wide illumination, e.g. by sunlight. The enclosure comprising the
pyroelectric elements may further comprise a sensitive field-effect transistor (FET) in order to read out the voltage over
the pair of sensitive elements. The two sensitive elements in anti-phase series may for example be grounded on one
terminal, and on the other terminal be connected to the gate of the FET and connected to a pull-down resistor.

[0006] The prior art sensor devices further typically comprise a focusing element such as a Fresnel lens or a multi-
faceted parabolic mirror, in order to project infrared radiation emitted by an object that generates heat, e.g. a person,
onto the sensing elements. This focusing element is designed such that radiation emitted by a heat-generating object
moving across the surveillance area, e.g. crossing the field of view of the detection device, is projected onto the sensing
elements in an alternating manner, i.e. the element on which this radiation is concentrated switches repeatedly. Thus,
an alternating current is generated on the output of the FET, which may be further amplified.

[0007] The advantage of coupling the elements in a voltage bucking configuration, e.g. in anti-phase series, is that
the sensor device becomes insensitive to the environment temperature. However, as the sensing elements never exhibit
quite the same characteristics, offsets may arise which have to be filtered out of the system by creating a floating
reference level based on an averaging low-pass filter.

[0008] In a digital embodiment of this prior art device, further filtering may condition the signal, e.g. to reduce aliasing,
before sampling it with an analog-to-digital converter (ADC), usually at a low sampling rate, for example less than 10
Hz, e.g. 5 Hz. The sampling rate is typically quite low due to a low signal-to-noise ratio (SNR), e.g. a SNR of about 2.
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In the digital domain, the peaks of the filtered signal may be detected, which will trigger an event for a preset duration
if it reached a certain level, for example a peak may trigger the switching on of a light or the opening of a door and the
restarting of a timer which will switch off the light or close the door after a preset delay, which is usually user-controllable.
[0009] Similar analog circuits are known in the art which implement the same or a similar function. In both analog and
digital devices, the timer delay and the sensitivity of the device may be controlled by altering a setting.

[0010] However, such PIR-based detection method may have disadvantages caused by the inherent differentiating
behavior of the design. Such devices only get triggered when moving objects are detected in the surveillance area. For
example, when persons stay longer motionless than a timer in a PIR-based sensor device for light switching allows,
they might be surprised by the switching off of the light.

[0011] In United States Patent no. US 4,849,737, another PIR-based detector is disclosed. This prior art sensor is
adapted for mechanically scanning a space, e.g. by arranging the PIR-based detector on a rotating disc. Thus, a person
which stays substantially motionless with respect to his surroundings can be observed by this prior art PIR-based detector
because the motion of the sensor establishes a relative movement between the person and the detector. However, the
detection efficiency of such PIR-based sensors may still depend on the relative speed of the detector and the person
being detected.

[0012] Furthermore, PIR devices as known in the art often require a complex design, e.g. carefully designed Fresnel
lenses, to be able to provide an indication of direction of movement of a detected object, e.g. direction of walking of a
person. Automatic sliding doors that use PIR sensors to detect persons are therefore typically not arranged at the side-
walls of hallways because of the many false alarms that may be triggered by people just passing by.

[0013] Furthermore, designing a PIR-based device that is capable of providing an indication of the number of detected
objects in a surveillance area, e.g. how many persons are presentin a scene, poses further complications. A rudimentary
indication of the number of persons present, e.g. distinguishing between a single or multiple persons, would for example
be useful in efficient person specific life-style monitoring devices, e.g. for monitoring applications in elderly care in
situations where more elderly share the same living spaces.

Summary of the invention

[0014] It is an object of embodiments of the present invention to provide good presence detection for heat radiation
emitting objects.

[0015] The above objective is accomplished by a method and device according to the present invention, as defined
in claims 1 and 7.

[0016] In a first aspect, the present invention provides a detection device for detecting a presence of an object in a
surveillance area. The device comprises at least one infrared radiation sensing element adapted for generating a sensor
signal related to a quantity of infrared radiation received from within the surveillance area; a processing unit adapted for
obtaining said sensor signal, generating a contrast value by comparing the obtained sensor signal to a reference value,
and determining the presence of the object by evaluating a condition on said contrast value; and an output means for
outputting the determined presence of the object and/or a property derived therefrom. In embodiments of the present
invention, the processing unit is further adapted for adjusting the reference value such that negative feedback is applied
to the contrast value.

[0017] It is an advantage of embodiments of the present invention that a device is provided that may detect objects
which emit radiant heat, both when these objects remain static and when these objects are moving.

[0018] It is an advantage of embodiments of the present invention that a device is provided that may not be sensitive
to immobile heat-emitting objects, such as heaters, while remaining sensitive to mobile heat-emitting objects, even when
such objects remain immobile for a while.

[0019] Itis an advantage of embodiments of the present invention that a device is provided that may replace conven-
tional PIR-based detector devices in a detection system without requiring extensive redesign.

[0020] It is an advantage of embodiments of the present invention that a device is provided that does not require a
Fresnel lens.

[0021] Itisanadvantage of embodiments of the present invention that a device is provided that does not require a timer.
[0022] Itis an advantage of embodiments of the present invention that a device is provided that may be used in a wide
range of settings without requiring adjustments of user-controllable parameters, such as sensitivity or timer settings.
[0023] Itis an advantage of embodiments of the present invention that a device is provided that may be compact and
requires only few components.

[0024] In embodiments of the present invention, the processing unit is adapted for generating a contrast value by
subtracting a reference value from the sensor signal; determining the object as being present when said contrast value
exceeds a predetermined first level; and adjusting the reference value such that negative feedback is applied to the
contrast value by adding a predetermined fraction of the contrast value thereto when said contrast value is below a
predetermined second level.
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[0025] Itis an advantage of embodiments of the present invention that a device is provided that is robust to nuisance
objects, such as heaters or windows, while remaining sensitive to targeted heat-emitting objects such as people.
[0026] It is an advantage of embodiments of the present invention that a device is provided that may adapt to the
presence of such nuisance objects in a dynamic and efficient manner, e.g. without requiring a calibration without targeted
heat-emitting objects such as people present.

[0027] In a detection device according to embodiments of the present invention, the at least one infrared radiation
sensing element comprises at least one thermopile sensor.

[0028] It is an advantage of embodiments of the present invention that a device is provided that may detect both
immobile and mobile objects which emit radiant heat.

[0029] A detection device according to embodiments of the present invention may further comprise an ambient tem-
perature sensor. In a detection device according to embodiments of the present invention the processing unit may be
further adapted for receiving a temperature signal from said ambient temperature sensor and for applying a temperature
correction to said sensor signal or to said reference value taking into account the temperature signal.

[0030] It is an advantage of a detection device according to embodiments of the present invention that it may be
controlled by few parameters which are little sensitive to environmental conditions, e.g. that may not require tuning for
use in a specific surveillance area.

[0031] In a detection device according to embodiments of the present invention, the at least one infrared radiation
sensing element may comprise an array of infrared radiation sensing elements, and the processing unit may be adapted
for receiving a plurality of sensor signals, each sensor signal being received from a corresponding infrared radiation
sensing element of said array; providing a plurality of contrast values by element-by-element comparing the plurality of
sensor signals to a plurality of reference values; determining the presence of the object by evaluating said condition on
said plurality of contrast values; and adjusting the plurality of reference values element-by-element such that negative
feedback is applied to the plurality of contrast values. It is an advantage of such embodiments of the present invention
that a device may be provided that can identify the position of an object to be detected in a surveillance area.

[0032] It is an advantage of embodiments of the present invention that a device is provided that may determine the
direction of movement of one or multiple objects in a surveillance area, e.g. in order to improve efficiency when used in
a control system for the opening of sliding doors.

[0033] Inadetectiondevice accordingto embodiments of the presentinvention, each infrared radiation sensing element
of said array may be adapted for generating a sensor signal related to a quantity of infrared radiation received from
within a corresponding sub-region of the surveillance area, and said output means may be adapted for outputting a
count of contrast values in the plurality of contrast values which satisfy said condition and/or a property derived therefrom.
It is an advantage of such embodiments of the present invention that a device may be provided that can perform counting,
e.g. of persons in a room:

[0034] A detection device according to embodiments of the present invention may furthermore comprise at least one
wireless communication module for transmitting information between said at least one infrared radiation sensing element,
said processing unit, and/or said output means. It is an advantage of embodiments of the present invention that a device
may be provided that may be easy to install, i.e. that requires few wired connections.

[0035] Inasecond aspect, the presentinvention provides a method fordetecting a presence of anobjectinasurveillance
area. The method comprises obtaining at least one sensor signal value related to a quantity of infrared radiation received
from within the surveillance area; generating at least one contrast value by comparing the at least one sensor signal
value to at least one reference value; and determining the presence of the object by evaluating a condition on said at
leastone contrast value. The method according to embodiments of the present invention furthermore comprises adjusting
the at least one reference value such that negative feedback is applied to said at least one contrast value.

[0036] In a method according to embodiments of the present invention, said providing a contrast value comprises
subtracting the reference value from the sensor signal value, and determining the presence of the object comprises
evaluating whether said contrast value exceeds a predetermined first level. Said adjusting of the reference value may
comprise adding a predetermined fraction of the contrast value thereto. Said adjusting of the reference value may be
executed when a further condition on said contrast value is met.

[0037] In a method according to embodiments of the present invention, evaluating whether a further condition on said
contrast value is met may comprise evaluating whether said contrast value is below a predetermined second level.
[0038] A method according to embodiments of the presentinvention may furthermore comprise applying a temperature
correction to said sensor signal value or to said reference value taking into accountan ambient temperature measurement.
[0039] In a method according to embodiments of the present invention, obtaining a sensor signal value may comprise
obtaining a plurality of sensor signal values, each sensor signal value being related to a quantity of infrared radiation
received from within a corresponding sub-region of the surveillance area; generating a contrast value may comprise
providing a plurality of contrast values by element-by-element comparison of the plurality of sensor signals to a plurality
of reference values; determining the presence of the object may comprise evaluating said condition on said plurality of
contrast values; and adjusting the reference value may comprise adjusting the plurality of reference values element-by-
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element such that negative feedback is applied to each of the plurality of contrast values.

[0040] Particular and preferred aspects of the invention are set out in the accompanying independent and dependent
claims. Features from the dependent claims may be combined with features of the independent claims and with features
of other dependent claims as appropriate and not merely as explicitly set out in the claims.

[0041] These and other aspects of the invention will be apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

Brief description of the drawings
[0042]

FIG. 1 schematically shows afirstembodiment of adetection device according to afirstaspect of the presentinvention.
FIG. 2 schematically illustrates an architecture of a thermopile sensor system according to embodiments of the
present invention.

FIG. 3 schematically shows a second embodiment of a detection device according to the first aspect of the present
invention.

FIG. 4 illustrates detection of an object by means of a detection device according to the second embodiment of the
first aspect of the present invention.

FIG. 5 illustrates exemplary method steps of a method according to a second aspect of the present invention.
FIG. 6 illustrates skin temperature in relation to the warmth of the environment.

FIG. 7 shows an exemplary response signal as function of time for a prior art detection device.

FIG. 8 shows an exemplary response signal for a detection device according to embodiments of the presentinvention
when one object of interest is present.

FIG. 9 shows an exemplary response signal for a detection device according to embodiments of the present invention
when no object of interest is present.

[0043] The drawings are only schematic and are non-limiting. In the drawings, the size of some of the elements may
be exaggerated and not drawn on scale for illustrative purposes.

[0044] Any reference signs in the claims shall not be construed as limiting the scope.

[0045] In the different drawings, the same reference signs refer to the same or analogous elements.

Detailed description of illustrative embodiments

[0046] The present invention will be described with respect to particular embodiments and with reference to certain
drawings but the invention is not limited thereto but only by the claims. The drawings described are only schematic and
are non-limiting. In the drawings, the size of some of the elements may be exaggerated and not drawn on scale for
illustrative purposes. The dimensions and the relative dimensions do not correspond to actual reductions to practice of
the invention.

[0047] Furthermore, the terms first, second and the like in the description and in the claims, are used for distinguishing
between similar elements and not necessarily for describing a sequence, either temporally, spatially, in ranking or in
any other manner. It is to be understood that the terms so used are interchangeable under appropriate circumstances
and that the embodiments of the invention described herein are capable of operation in other sequences than described
orillustrated herein.

[0048] Moreover, the terms top, under and the like in the description and the claims are used for descriptive purposes
and not necessarily for describing relative positions. It is to be understood that the terms so used are interchangeable
under appropriate circumstances and that the embodiments of the invention described herein are capable of operation
in other orientations than described or illustrated herein.

[0049] It is to be noticed that the term "comprising”, used in the claims, should not be interpreted as being restricted
to the means listed thereafter; it does not exclude other elements or steps. It is thus to be interpreted as specifying the
presence of the stated features, integers, steps or components as referred to, but does not preclude the presence or
addition of one or more otherfeatures, integers, steps or components, or groups thereof. Thus, the scope of the expression
"a device comprising means A and B" should not be limited to devices consisting only of components A and B. It means
that with respect to the present invention, the only relevant components of the device are A and B.

[0050] Reference throughout this specification to "one embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connection with the embodiment is included in at least one embodiment
of the present invention. Thus, appearances of the phrases "in one embodiment” or "in an embodiment" in various places
throughout this specification are not necessarily all referring to the same embodiment, but may. Furthermore, the particular
features, structures or characteristics may be combined in any suitable manner, as would be apparent to one of ordinary
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skill in the art from this disclosure, in one or more embodiments.

[0051] Similarly it should be appreciated that in the description of exemplary embodiments of the invention, various
features of the invention are sometimes grouped together in a single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure and aiding in the understanding of one or more of the various inventive aspects.
This method of disclosure, however, is not to be interpreted as reflecting an intention that the claimed invention requires
more features than are expressly recited in each claim. Rather, as the following claims reflect, inventive aspects lie in
less than all features of a single foregoing disclosed embodiment. Thus, the claims following the detailed description
are hereby expressly incorporated into this detailed description, with each claim standing on its own as a separate
embodiment of this invention.

[0052] Furthermore, while some embodiments described herein include some but not other features included in other
embodiments, combinations of features of different embodiments are meant to be within the scope of the invention, and
form different embodiments, as would be understood by those in the art. For example, in the following claims, any of
the claimed embodiments can be used in any combination.

[0053] In the description provided herein, numerous specific details are set forth. However, it is understood that
embodiments of the invention may be practiced without these specific details. In other instances, well-known methods,
structures and techniques have not been shown in detail in order not to obscure an understanding of this description.
[0054] Where in embodiments of the present invention reference is made to a "thermopile", reference is made to an
electronic element for converting thermal energy into electrical energy, e.g. for generating a voltage difference indicative
of a local temperature difference, e.g. substantially proportional to such temperature difference. Such a thermopile
comprises a plurality of interconnected thermocouples, usually connected in series, which may for example each be
obtained by stacking a number of layers of at least two different conductive materials such as metal alloys. In a thermo-
couple, if a temperature difference is applied to two junctions of two dissimilar conductors, a voltage which may be
proportional to the temperature difference is generated by the Seebeck-effect. By combining multiple thermocouples in
a series connection, a thermopile is obtained that amplifies the rather small voltage drop generated over a single ther-
mocouple. Athermopile forinfrared radiation detection may be formed on asemiconductor, e.g. silicon, chip. Forexample,
an area of this chip may be etched away, leaving only a thin membrane, on which alternating layers of two different
conductive materials may be deposited. Both types of conductors may have alternating junctions in the centre of the
membrane and on the bulk of the semiconductor substrate. The central junctions, or hot junctions, at the centre of the
membrane may then be covered by a suitable infrared absorbing layer. The junctions at the other extremities of the
conductors form the cold junctions. The thermopile may be mounted on a TO or SMD header with a suitable filter cap,
i.e. transparent for an infrared wavelength window of interest.

[0055] Where in embodiments of the present invention reference is made to applying negative feedback to an output
of a system, reference is made to an adjustment of a variable which influences this output, such that the output of the
system remains substantially constant.

[0056] In a first aspect, the present invention relates to a detection device 10 for detecting presence or absence of an
object 9 in a surveillance area 8. FIG. 1 shows an illustrative embodiment of a detection device 10 according to this first
aspect. This detection device 10 comprises at least one infrared radiation sensing element 11, in the form of a thermopile
sensor. This infrared radiation sensing element 11 is adapted for generating a sensor signal, i.e. an electrical output
signal such as for example an output voltage, indicative of infrared radiation received from within the surveillance area
8. The detection device 10 may comprise a focusing element 7, e.g. a lens, for example a silicon lens, for focusing onto
the sensing element 11 infrared radiation from within the surveillance area 8, e.g. from within a cone which projects onto
the infrared radiation sensing element 11 through the focusing element 7.

[0057] The detection device 10 further comprises a processing unit 12, which is adapted for receiving the sensor signal
from the sensing element 11. The sensor signal may be transferred over a signal wire as an analog electric signal from
the infrared radiation sensing element 11 to the processing unit 12. In such case, the processing unit 12 may comprise
an analog-to-digital (ADC) converter and a microprocessor or a digital computing device for carrying out the logical and
arithmetic operations set forth further herein. However, it will be understood by the person skilled in the art that the
processing unit 12 may be adapted for analog signal processing, and as such in fact may carry out the described
operations without an analog-to-digital conversion. Alternatively, the sensor signal may be transferred from the sensing
element 11 to the processing unit 12 in a digital form, e.g. the signal may be converted into a digital signal by the sensing
device and then transmitted, for example, over a bus such as an 12C bus. Such digitized signal may also be transmitted
through wireless communication modules.

[0058] The processing unit 12 is furthermore adapted for providing a contrast value by comparing the received sensor
signal to a reference value. This contrast value may be a difference calculated by subtracting the reference value from
the sensor signal, or may include a function, e.g. a cubic function, applied to this difference. For example, the sensor
signal may be represented by a digital sample, e.g. sampled by an ADC component at a sampling rate of, for example,
less than 20 Hz, e.g. less than 10 Hz, such as at a sampling rate of 5 Hz or below, or a sampling rate of 1 Hz of below,
even down to 0.01Hz for example for sensors that are in "sleep mode" and check every minute or so whether a living



10

15

20

25

30

35

40

45

50

55

EP 2776 802 B1

being is present, in order for it to decide to go into "awake mode" or not. For each sample /; of the sensor signal, where
i is an index number in the time series of values obtained by sampling, a contrast value C;is calculated, e.g. C=I-B; 4,
where B;_; refers to the reference value provided in a previous time step /-1, or to a pre-set default value By, for the
calculation of the first contrast value in the series, i/=1. The pre-set default value By may correspond to a sensor signal
value which would be obtained for a sufficiently high temperature of the surveillance area 8, e.g. substantially higher
than room temperature, for example 40 °C.

[0059] The processing unit 12 is furthermore adapted for determining the presence or absence of the object 9 by
evaluating a condition on the contrast value. This object 9 may for example be determined to be present when the
contrast value exceeds a predetermined first level. A heat-emitting object 9 may be assumed to have a surface temper-
ature higher than its environment, e.g. a person may have a surface temperature approximately between27°C and 33°C,
for aroom with ambient temperature between 15°C and 30°C. The reference value B; ; may be interpreted as an evolving
background temperature correction, e.g. will be adjusted in the way discussed further below in order to follow changes
in the observed sensor signal /; due to temperature changes of the environment and of nuisance objects in the field of
view of the sensing element 11, i.e. which are not to be detected as an object 9 of interest, for example a heating radiator.
For detection of presence of a living being, e.g. for detection of a human presence, in an area at room temperature, the
presence may be determined by checking whether the contrast value C; exceeds a predetermined first level Li (which
optionally can be a function of the room temperature), for example a value corresponding to a difference in sensor signal
value obtained for an observed temperature difference between 0.5°C and 10°C, e.g. 2°C. This condition on the contrast
value reflects an underlying assumption about the object 9 to be detected, e.g. a human presence is typically hotter than
the room-temperature as seen in FIG. 6, taken from "Skin Temperature in Relation to the Warmth of the Environment",
T. Bedford, The Journal of Hygiene, Vol. 35, No. 3, pp. 307-317, Aug. 1935.

[0060] It should be noted that this is a feature of the object to be detected and its environment, and may therefore be
more robust than, for example, a timer and/or sensitivity setting of a state of the art PIR sensor.

[0061] The detection device 10 according to embodiments of the present invention comprises an output means 13 for
outputting the determined presence of the object 9 and/or a property derived therefrom. The output means 13 may
comprise a signal wire output, a digital bus interface, a wired or wireless network interface or other means of electronic
communication. The output means 13 may also comprise a power output for driving a device connected thereto, for
example an actuator, such as an actuator for opening and closing a door, an alarm or a light. The device 10 may
communicate through the output means 13 a derived property, i.e. a signal different from the present status of object
presence, but related thereto. Such a derived property may for example be a statistic, e.g. number of objects detected
in a time window, or the elapsed time since a last detection.

[0062] The processing unit 12 is furthermore adapted for adjusting the reference value such that negative feedback
is applied to the contrast value. According to the invention negative feedback is provided by adding a predetermined
fraction of the contrast value to the reference value. Furthermore, this negative feedback is conditional, such that the
negative feedback is only applied when the contrast value is below a predetermined second level. This negative feedback
regime may adjust the contrast value C; over time in order to compensate for changes, e.g. a radiator in the field of view
that is slowly heating up.

[0063] For example, a new reference value B; may be provided by B; = B;_; + 3.C;. The proportionality ratio § may
reflect a learning rate, e.g. in a convex filter approach, and may, for example, have a value between 0.01 and 0.10, e.g.
0.05, for a sampling rate of 1 Hz. This adjustment may be carried out conditionally, e.g.

g _[BatBC, ifC <8
' B if C.2 0’

i-1

in which the predetermined second level 6 may have a value smaller than the predetermined first level, e.g. a value
corresponding to a sensor signal value which would be obtained for a temperature difference of between 0.1 and 2°C/s,
e.g. below 1 °C/s, for example 0.2 °Cl/s.

[0064] Optionally, the detection device 10 may comprise an ambient temperature sensor 15. The processing unit 12
may be adapted for receiving atemperature signal from this ambient temperature sensor 15 and for applying atemperature
correction to the sensor signal /; or to the pre-determined reference value B, taking into account the temperature signal.
For example, the sensor signal /, the contrast value C;and the reference value B; may all be normalized to a temperature
scale, e.g. in °C, using the ambient temperature sensor reading T; In summary, the processing unit 12 may perform
following operations repeatedly:

1. obtain samples /;and T,
2. calculate C; = [; - Bj_4,
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(1-B)7=B_ +BI, ,ifC, <0
=B, if C, 26’

T, il

3. calculate B, =

4. determine the presence of the object 9 when C, > a pre-determined margin L.

[0065] It should be noted that the contrast value in this example is calculated by a signed function, in order to generate
a presence signal for objects which are hotter by a predetermined margin L than a background level. The second
threshold 6, which may typically be smaller than L, adjusts a background reference level when a signal colder than the
background is observed, or a signal which is hotter, butdoes not exceed the second threshold 6. The ambient temperature
measurements may be used to further calibrate the background signal through time in varying circumstances, thus
providing normalized contrast values. This may increase robustness, i.e. the condition for presence determination and
the condition for conditional negative feedback correction may be defined in units which are less sensitive to environmental
conditions.

[0066] FIG. 2 schematically illustrates the architecture of a thermopile sensor system 10 according to embodiments
of the present invention, comprising at least one IR radiation sensing element 11, e.g. a thermopile array. The signals
of the radiation sensing element 11 are amplified in an amplifier 28 and sent as sensor signals | to a background
subtraction unit 29 together with temperature information T from the room temperature. The background subtraction unit
29 updates the background signal BG and reports an event E when the sensor system 10 detects presence of a living
being. In accordance with embodiments of the present invention, the background subtraction unit 29 implements a
background/trend subtraction function, taking into account the knowledge that has been obtained about both the detected
object 9 and the environment:

- living beings, in particular people, are warmer than the environment temperature (if the objects to be detected are
colder than the environment temperature, functions are turned over); and

- "false objects", such as for example heaters and windows, only increase their temperature slowly in time, with a low
gradient in the upward direction.

[0067] In a second embodiment, illustrated in FIG. 3, the at least one infrared radiation sensing element 11 may
comprise at least two infrared radiation sensing elements 11. For example, the at least one infrared radiation sensing
element 11 may comprise an array 18 of infrared radiation sensing elements, e.g. infrared radiation sensing elements
in aregularly interspaced array, for example a one-dimensional array, e.g. an array of 8x1 elements, or a two-dimensional
array, e.g. an array of 8x8 elements. Each infrared radiation sensing element 11 of the array 18 may be adapted for
generating a sensor signal related to a quantity of infrared radiation received from within a corresponding sub-region 17
of the surveillance area 8.Thus the surveillance area 8 may be covered by a plurality of sub-regions 17, e.g. cones, from
which infrared light is projected onto the respective sensing elements 11.

[0068] Forexample,the array 18 may be a thermopile sensor array, such as a thermopile sensor array on an integrated
circuit. Such a thermopile sensor array may comprise a set of remote temperature sensing elements, covering a joint
viewing angle. Next to the temperature sensing elements, they may also have an accurate on-board means for temper-
ature measurement of the sensor itself, e.g. a thermistor.

[0069] Thermopile arrays may detect living beings, e.g. people, not only in motion, but also when they are static. Also,
such arrays may be used to determine in which direction living beings are moving.

[0070] Besides the plurality of infrared radiation sensing elements 11, a sensor system 10 according to the second
embodiment of the present invention also comprises a processing unit 12. The processing unit 12 may be adapted for
receiving a plurality of sensor signals, each sensor signal being received from a corresponding infrared radiation sensing
element 11 of the array 18. With each sensor signal, a contrast value and a reference value may be associated, i.e. the

processing unit 12 may be adapted for providing a plurality of contrast values by element-by-element comparing the
plurality of sensor signals to a plurality of reference values: é.‘ = i' - EH .
[0071] The processing unit 12 may further be adapted for determining the presence of the object 9 by evaluating the
condition on the plurality of contrast values:

g UG, >l
710 otherwise
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in which j indexes the vector components associated with the plurality of sensing elements. Li can be a function of the
room temperature measurement.

[0072] Thel, BG and E signals as introduced with reference to FIG. 2 in this embodiment are implemented as vectors,
with the elements connected to the elements of the thermopile array sensor 11. In this way the presence of a living being
can be deducted relative to the angle of the sensor, as shown in FIG. 4. The samples | and T are sampled in a repetitive
way, for example once per second.

[0073] The output means 13 may then communicate a presence, e.g. HE,- to a connected device or a user. The
J
output means may also provide arelated property, such as a count of persons present in aroom, for example by counting

the number of peaks in C‘ The output means 13 may for example provide an indication of the direction in which
i

objects are moving, for example by comparing a stored value EJ-_1 or Cj_1 to the current value EJ- or CJ-.

[0074] The processing unit 12 may further be adapted for adjusting the plurality of reference values element-by-element
such that negative feedback is applied to the plurality of contrast values. For example,

g _|A=P);Bu+B1, iHC,;<0
i,j I B Jif Ci,j >0

Ty Ti-Lj

[0075] Based on such detection of movement determined on the basis of signals obtained from the plurality of sensing
elements 11, an actuator may be driven, such as an actuator for opening or closing a door, or actuating an alarm or a
light. This may for example be used in hospitals or elderly care, where, if one or more dedicated sensing elements (e.g.
the middle sensor element in FIG. 3) deliver a presence signal, this means a patient is in a particular position, e.g. in
bed or in the sofa, while if other sensing elements (e.g. the sensor elements left or right from the middle sensor element
in FIG. 3) deliver a presence signal, this means the patient may have fallen or is walking around. Such detection by the
"other" sensing elements (left or right from the middle sensor element in FIG. 3) might trigger an alarm.

[0076] In a second aspect, the present invention provides in a method 20 for detecting a presence of an object 9 in a
surveillance area 8. Such an exemplary method 20 is illustrated in FIG. 5. Particularly, a method 20 according to the
second aspect of the present invention may be carried out by a device according the first aspect of the present invention
described hereinabove. The method 20 may be implemented in software, e.g. for executing on a microprocessor, such
as a microprocessor forming part of the processing unit 12. Alternatively, the method 20 may be implemented through
hardware design, or may be implemented as a combination of hard- and software.

[0077] This method 20 comprises obtaining 21 a sensor signal value related to a quantity of infrared radiation received
from within the surveillance area 8, for example a sensor signal value represented by at least one sensor signal generated
by at least one infrared radiation sensing element 11. The method 20 further comprises generating 22 at least one
contrast value by comparing the obtained at least one sensor signal values to at least one reference value. This may
comprise subtracting the at least one reference value from the at least one sensor signal value.

[0078] The method 20 further comprises determining 23 the presence of the object 9 by evaluating a condition on said
generated at least one contrast value. This determining 23 may comprise evaluating whether the generated at least one
contrast value exceeds a predetermined first level.

[0079] The method 20 furthermore comprises adjusting 24 the reference value such that negative feedback is applied
to said contrast value. This adjusting 24 may comprise adding a predetermined fraction of the generated at least one
contrast value thereto. Moreover, this adjusting 24 may be executed when a further condition on the contrast value is
met, for example when the contrast value is below a predetermined second level.

[0080] Additionally, the method 20 may comprise applying 25 a temperature correction to the at least one sensor
signal value or to the reference value, taking into account an ambient temperature measurement.

[0081] Obtaining 21 at least one sensor signal value in particular embodiments may comprise obtaining a plurality of
sensor signal values, each sensor signal value being related to a quantity of infrared radiation received from within a
corresponding sub-region 17 of the surveillance area 8. Providing a contrast value 22 may comprises providing a plurality
of contrast values by element-by-element comparing the plurality of sensor signal values to a plurality of reference
values. Determining 23 the presence of the object 9 may comprise evaluating the condition on the plurality of contrast
values. Adjusting 24 the reference value may comprise adjusting the plurality of reference values element-by-element
such that negative feedback is applied to each of the plurality of contrast values.

[0082] Embodiments of the presentinvention may provide accurate and efficient means and methods for the detection
of living beings such as humans in a typical room-temperature environment. The present invention not being limited in
any way thereby, principles of detection of heat-generating objects, such as human subjects, according to embodiments
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ofthe present invention may be explained by the following considerations. A background subtraction, i.e. atrend removal,
may be performed in accordance with embodiments of the present invention on sensor data by taking into account
specific knowledge of the object to be detected and the environment.

[0083] Firstly, it may be assumed that living beings such as people are warmer than their environment temperature.
It will be obvious to the skilled person that objects which are consistently colder than their environment may be detected
by embodiments of the present invention by adopting appropriate conditions for detection and/or conditional negative
feedback. Secondly, it may be assumed that nuisance objects, such as heaters and windows, only increase their tem-
perature slowly in time with a low gradient in the upward direction. Thirdly, objects which are colder than the current
background reference level are preferred, i.e. may be adopted quickly to. If the temperature difference is larger than the
threshold, updating the background is restricted by a limit on the increase in temperature per second. If the temperature
is lower than the threshold, the background is updated unconditionally with the convex filter, so lower temperatures are
quickly adapted to without restrictions.

[0084] These notions are different from image processing where the appearance of persons cannot be typically be
indicated as higher or lower than the appearance of the environment, in color saturation, hue or intensity sense.
[0085] An example is presented hereinbelow to demonstrate principles of detection according to embodiments of the
present invention, the present invention not being limited thereby in any way.

[0086] InFIG. 7, aresponse curve is shown which was obtained from a PIR sensor with Fresnel lens as known in the
art. The response curve shows the PIR response voltage as function of time. For this example, the conventional PIR
sensor was directed towards a space with a chair. A person entered the space at a first time instance 71, sat on the
chair over an extended time interval 73, and left again at a second time instance 72. As can be seen from FIG. 7, the
PIR sensor reacts in a differential manner, showing heavy fluctuations on its output when it detects a moving person,
e.g. near the first 71 and second 72 time instance, but not when the person is sitting down quietly, e.g. over the time
interval 73. An exemplary threshold level 74 is indicated on FIG. 7, which would be suitable for indicating the presence
of the moving person. However, detecting the static person is not possible using a similar threshold level due to the
differential nature of the PIR sensor.

[0087] On the other hand, a detection device according to embodiments of the present invention, comprising eight
thermopile sensor elements, can detect the static person as shown in FIG. 8, in which the output value per sensor
element is shown graphically and numerically. FIG. 8 shows the response obtained by the detection device according
to embodiments of the present invention at a moment during the time interval 73 as shown in FIG. 7. The high intensity
response of one pixel 81 corresponds with the person sitting down. For comparison, FIG. 9 shows the response obtained
by the same device at a moment prior to the first time instance 71, thus before the person entered the room. Here, the
absence of the person corresponds to the absence of elevated pixel values. Obviously, when a suitable sample rate is
chosen, this detection device according to embodiments of the present invention can just as well detect moving persons
in the space.

Claims
1. A detection device (10) for detecting a presence of an object (9) in a surveillance area (8), the device comprising:

- at least one infrared radiation sensing element (11) adapted for generating a sensor signal related to a quantity
of infrared radiation received from within the surveillance area (8),

- a processing unit (12) adapted for: obtaining said sensor signal; generating a contrast value by comparing the
obtained sensor signal to a reference value; and determining the presence of the object (9) by evaluating a
condition on said contrast value; the processing unit (12) being further adapted for adjusting the reference value
such that negative feedback is applied to the contrast value, and

- an output means (13) for outputting the determined presence of the object (9) and/or a property derived
therefrom, characterized in that the at least one infrared radiation sensing element (11) comprises at least
one thermopile sensor, and in which said processing unit (12) is adapted for:

- generating a contrast value by subtracting a reference value from the sensor signal;

- determining the object (9) as being present when said contrast value exceeds a predetermined first level; and
- adjusting the reference value such that negative feedback is applied to the contrast value by adding a prede-
termined fraction of the contrast value thereto when said contrast value is below a predetermined second level.

2. A detection device (10) according to any of the previous claims, the device (10) further comprising an ambient
temperature sensor (15).

3. A detection device (10) according to claim 2, wherein the processing unit (12) is further adapted for receiving a
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temperature signal from said ambient temperature sensor (15) and for applying a temperature correction to said
sensor signal or to said reference value taking into account the temperature signal.

A detection device (10) according to any of the previous claims, wherein the at least one infrared radiation sensing
element (11) comprises an array (18) of infrared radiation sensing elements, and the processing unit (12) is adapted
for: receiving a plurality of sensor signals, each sensor signal being received from a corresponding infrared radiation
sensing element of said array; providing a plurality of contrast values by element-by-element comparing the plurality
of sensor signals to a plurality of reference values; determining the presence of the object (9) by evaluating said
condition on said plurality of contrast values; and adjusting the plurality of reference values element-by-element
such that negative feedback is applied to the plurality of contrast values.

A detection device (10) according to claim 4, wherein each infrared radiation sensing element (11) of said array is
adapted for generating a sensor signal related to a quantity of infrared radiation received from within a corresponding
sub-region (17) of the surveillance area (8), and said output means is adapted for outputting a count of contrast
values in the plurality of contrast values which satisfy said condition and/or a property derived therefrom.

A detection device (10) according to any of the previous claims, furthermore comprising at least one wireless
communication module for transmitting information between said at least one infrared radiation sensing element
(11), said processing unit (12), and/or said output means (13).

A method (20) for detecting a presence of an object (9) in a surveillance area (8), the method (20) comprising:

- obtaining (21) at least one sensor signal value related to a quantity of infrared radiation received from within
the surveillance area (8),

- generating (22) at least one contrast value by comparing the at least one sensor signal value to at least one
reference value;

-determining (23) the presence of the object (9) by evaluating a condition on said at least one contrast value, and
- adjusting (24) the at least one reference value such that negative feedback is applied to said at least one
contrast value, characterized in that:

- obtaining at least one sensor signal value related to a quantity of infrared radiation received from within the
surveillance area (8) comprises having the at least one sensor signal value generated by at least one infrared
radiation sensing element (11) comprising at least one thermopile sensor,

- generating (22) a contrast value comprises subtracting the reference value from the sensor signal value,

- determining (23) the presence of the object (9) comprises evaluating whether said contrast value exceeds a
predetermined first level, and

adjusting (24) of the reference value comprising adding a predetermined fraction of the contrast value thereto,
said adjusting (24) of the reference value being executed when a further condition on said contrast value is met,
evaluating whether said further condition on said contrast value is met comprising evaluating whether said
contrast value is below a predetermined second level,

A method (20) according to claim 7, furthermore comprising applying a temperature correction to said sensor signal
value or to said reference value taking into account an ambient temperature measurement.

A method (20) according to any of claims 7 to 8, wherein obtaining (21) a sensor signal value comprises obtaining
a plurality of sensor signal values, each sensor signal value being related to a quantity of infrared radiation received
from within a corresponding sub-region (17) of the surveillance area (8); generating a contrast value (22) comprises
providing a plurality of contrast values by element-by-element comparison of the plurality of sensor signals to a
plurality of reference values; determining (23) the presence of the object (9) comprises evaluating said condition on
said plurality of contrast values; and adjusting (24) the reference value comprises adjusting the plurality of reference
values element-by-element such that negative feedback is applied to each of the plurality of contrast values.

Patentanspriiche

Detektionsvorrichtung (10) zum Detektieren des Vorhandenseins eines Gegenstands (9) in einem Uberwachungs-
bereich (8), wobei die Vorrichtung Folgendes umfasst:

- mindestens ein Infrarotstrahlung-wahrnehmendes Element (11), das angepasst ist zum Erzeugen eines Sen-
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sorsignals, das mit einer Menge an Infrarotstrahlung, die von innerhalb des Uberwachungsbereichs (8) erhalten
wurde, in Bezug steht,

- eine Verarbeitungseinheit (12), die angepasst ist zum Erhalten des Sensorsignals, zum Erzeugen eines Kon-
trastwerts, indem das erhaltene Sensorsignal mit einem Referenzwert verglichen wird, und zum Feststellen des
Vorhandenseins des Gegenstands (9), indem eine Bedingung bezlglich des Kontrastwerts beurteilt wird, wobei
die Verarbeitungseinheit (12) weiter angepasst ist zum Anpassen des Referenzwerts derart, dass negative
Ruckkopplung auf den Kontrastwert angewendet wird, und

- ein Ausgabemittel (13) zum Ausgeben des festgestellten Vorhandenseins des Gegenstands (9) und/oder einer
davon abgeleiteten Eigenschaft, dadurch gekennzeichnet, dass das mindestens eine Infrarotstrahlung-wahr-
nehmende Element (11) mindestens einen Thermosaulensensor umfasst, und in dem die Verarbeitungseinheit
(12) angepasst ist:

- zum Erzeugen eines Kontrastwerts, indem ein Referenzwert von dem Sensorsignal subtrahiert wird;

- zum Feststellen des Gegenstands (9) als vorhanden, wenn der Kontrastwert eine im Voraus bestimmte erste
Stufe Uberschreitet; und

- zum Anpassen des Referenzwerts derart, dass negative Riickkopplung auf den Kontrastwert angewendet
wird, indem ein im Voraus bestimmter Anteil des Kontrastwerts dazu addiert wird, wenn der Kontrastwert unter
einer im Voraus bestimmten zweiten Stufe liegt.

Detektionsvorrichtung (10) nach einem der vorhergehenden Anspriiche, wobei die Vorrichtung (10) ferner einen
Umgebungstemperatursensor (15) umfasst.

Detektionsvorrichtung (10) nach Anspruch 1, wobei die Verarbeitungseinheit (12) weiter angepasst ist zum Emp-
fangen eines Temperatursignals von dem Umgebungstemperatursensor (15) und zum Anwenden einer Tempera-
turberichtigung des Sensorsignals oder des Referenzwerts unter Beriicksichtigung des Temperatursignals.

Detektionsvorrichtung (10) nach einem der vorhergehenden Anspriiche, wobei das mindestens eine Infrarotstrah-
lung-wahrnehmende Element (11) eine Anordnung (18) von Infrarotstrahlung-wahrnehmenden Elementen umfasst
und die Verarbeitungseinheit (12) angepasst ist zum Empfangen mehrerer Sensorsignale, wobei jedes Sensorsignal
von einem entsprechenden Infrarotstrahlung-wahrnehmenden Element der Anordnung empfangen wird, zum Be-
reitstellen mehrere Kontrastwerte durch Vergleichen der mehreren Sensorsignale mit mehreren Referenzwerten
Element fir Element, zum Feststellen des Vorhandenseins des Gegenstands (9) durch Beurteilen der Bedingung
beziglich der mehreren Kontrastwerte und zum Anpassen der mehreren Referenzwerte Element fur Element derart,
dass auf die mehreren Kontrastwerte negative Rlickkopplung angewendet wird.

Detektionsvorrichtung (10) nach Anspruch 4, wobei jedes Infrarotstrahlung-wahrnehmende Element (11) der An-
ordnung angepasst ist zum Erzeugen eines Sensorsignals, das mit einer Menge an Infrarotstrahlung, die von in-
nerhalb einer entsprechenden Teilregion (17) des Uberwachungsbereichs (8) erhalten wurde, in Bezug steht, und
wobei das Ausgabemittel angepasst ist zum Ausgeben einer Zahl von Kontrastwerten in den mehreren Kontrast-
werten, welche die Bedingung und/oder eine davon abgeleitete Eigenschaft erfiillen.

Detektionsvorrichtung (10) nach einem der vorhergehenden Anspriiche, ferner umfassend mindestens ein Modul
fur drahtlose Kommunikation zum Ubermitteln von Informationen zwischen dem mindestens einen Infrarotstrahlung-
wahrnehmenden Element (11), der Verarbeitungseinheit (12) und/oder dem Ausgabemittel (13).

Verfahren (20) zum Detektieren des Vorhandenseins eines Gegenstands (9) in einem Uberwachungsbereich (8),
wobei das Verfahren (20) Folgendes umfasst:

- Erhalten (21) mindestens eines Sensorsignalwerts, der mit einer Menge an Infrarotstrahlung, die von innerhalb
des Uberwachungsbereichs (8) erhalten wurde, in Bezug steht,

- Erzeugen (22) mindestens eines Kontrastwerts durch Vergleichen des mindestens einen Sensorsignalwerts
mit mindestens einem Referenzwert;

- Feststellen (23) des Vorhandenseins des Gegenstands (9) durch Beurteilen einer Bedingung bezliglich des
mindestens einen Kontrastwerts und

- Anpassen (24) des mindestens einen Referenzwerts derart, dass auf den mindestens einen Kontrastwert
negative Rickkopplung angewendet wird, dadurch gekennzeichnet, dass:

- das Erhalten des mindestens einen Sensorsignalwerts, der mit einer Menge an Infrarotstrahlung, die von
innerhalb des Uberwachungsbereichs (8) erhalten wurde, in Bezug steht, umfasst, dass der mindestens eine
Sensorsignalwert, der von mindestens einem Infrarotstrahlung-wahrnehmenden Element (11) erzeugt wird,
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mindestens einen Thermosaulensensor aufweist,

- das Erzeugen (22) eines Kontrastwerts das Subtrahieren des Referenzwerts von dem Sensorsignalwert um-
fasst,

- das Feststellen (23) des Vorhandenseins des Gegenstands (9) das Beurteilen, ob der Kontrastwert eine im
Voraus bestimmte erste Stufe Ubersteigt, umfasst, und

Anpassen (24) des Referenzwerts, umfassend das Hinzuaddieren eines im Voraus bestimmten Anteils des
Kontrastwerts, wobei das Anpassen (24) des Referenzwerts ausgefiihrt wird, wenn eine weitere Bedingung
beziglich des Kontrastwerts erfiillt ist, wobei das Beurteilen, ob die weitere Bedingung beziglich des Kontrast-
werts erflllt ist, das Beurteilen, ob der Kontrastwert unter einer im Voraus bestimmten zweiten Stufe liegt,
umfasst.

Verfahren (20) nach Anspruch 7, ferner umfassend das Anwenden einer Temperaturberichtigung auf den Sensor-
signalwert oder auf den Referenzwert unter Beriicksichtigung einer Umgebungstemperaturmessung.

Verfahren (20) nach einem der Anspriiche 7 bis 8, wobei das Erhalten (21) eines Sensorsignalwerts das Erhalten
mehrerer Sensorsignalwerte umfasst, wobei jeder Sensorsignalwert mit einer Menge an Infrarotstrahlung, die von
innerhalb einer entsprechenden Teilregion (17) des Uberwachungsbereichs (8) erhalten wurde, in Bezug steht, das
Erzeugen eines Kontrastwerts (22) das Bereitstellen mehrerer Kontrastwerte durch Vergleichen der mehreren Sen-
sorsignale mit mehreren Referenzwerten Element fir Element umfasst, Feststellen (23) des Vorhandenseins des
Gegenstands (9) das Beurteilen der Bedingung bezliglich der mehreren Kontrastwerte umfasst, und das Anpassen
(24) des Referenzwerts das Anpassen der mehreren Referenzwerte Element fiir Element umfasst, derart, dass auf
jedes der mehreren Kontrastwerte negative Riickkopplung angewendet wird.

Revendications

Dispositif de détection (10) pour détecter une présence d’un objet (9) dans une zone de surveillance (8), le dispositif
comprenant :

- au moins un élément de détection de rayonnement infrarouge (11) congu pour produire un signal de capteur
lié & une quantité de rayonnement infrarouge regu en provenance de l'intérieur de la zone de surveillance (8),
- une unité de traitement (12) congue pour : obtenir ledit signal de capteur ; produire une valeur de contraste
en comparant le signal de capteur obtenu a une valeur de référence ; et déterminer la présence de I'objet (9)
en évaluant une condition sur ladite valeur de contraste ; 'unité de traitement (12) étant en outre congue pour
ajuster la valeur de référence de sorte qu’une rétroaction négative est appliquée a la valeur de contraste, et
-un moyen de sortie (13) pour sortir la présence déterminée de I'objet (9) et/ou une propriété obtenue de celui-ci,
caractérisé en ce que I'au moins un élément de détection de rayonnement infrarouge (11) comprend au moins
un capteur a thermopile, et dans lequel ladite unité de traitement (12) est congue pour :

- produire une valeur de contraste en soustrayant une valeur de référence du signal de capteur ;

- déterminer l'objet (9) comme étant présent quand ladite valeur de contraste dépasse un premier niveau
prédéterminé ; et

- ajuster la valeur de référence de sorte qu’une rétroaction négative est appliquée a la valeur de contraste en
ajoutant une fraction prédéterminée de la valeur de contraste a cette derniére lorsque ladite valeur de contraste
est au-dessous d’un second niveau prédéterminé.

Dispositif de détection (10) selon n'importe laquelle des revendications précédentes, le dispositif (10) comprenant
en outre un capteur de température ambiante (15).

Dispositif de détection (10) selon la revendication 2, dans lequel 'unité de traitement (12) est en outre congue pour
recevoir un signal de température en provenance dudit capteur de température ambiante (15) et pour appliquer une
correction de température audit signal de capteur ou a ladite valeur de référence en tenant compte du signal de
température.

Dispositif de détection (10) selon n’importe laquelle des revendications précédentes, dans lequel 'au moins un
élément de détection de rayonnement infrarouge (11) comprend un groupement (18) d’éléments de détection de
rayonnement infrarouge, et 'unité de traitement (12) est congue pour : recevoir une pluralité de signaux de capteur,
chaque signal de capteur étant regu en provenance d’un élément de détection de rayonnement infrarouge corres-
pondant dudit groupement ; fournir une pluralité de valeurs de contraste en comparant élément par élément la
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pluralité de signaux de capteur a une pluralité de valeurs de référence ; déterminer la présence de I'objet (9) en
évaluant ladite condition sur ladite pluralité de valeurs de contraste ; et ajuster la pluralité de valeurs de référence
élément par élément de sorte qu’une rétroaction négative est appliquée a la pluralité de valeurs de contraste.

Dispositif de détection (10) selon la revendication 4, dans lequel chaque élément de détection de rayonnement
infrarouge (11) dudit groupement est congu pour produire un signal de capteur lié a une quantité de rayonnement
infrarouge regu en provenance de l'intérieur d’'une sous-région correspondante (17) de la zone de surveillance (8),
et ledit moyen de sortie est congu pour sortir un compte de valeurs de contraste dans la pluralité de valeurs de
contraste qui satisfont a ladite condition et/ou a une propriété obtenue de celui-ci.

Dispositif de détection (10) selon n’importe laquelle des revendications précédentes, comprenant en outre au moins
un module de communication sans fil pour transmettre des informations entre ledit au moins un élément de détection
de rayonnement infrarouge (11), ladite unité de traitement (12), et/ou ledit moyen de sortie (13).

Procédé (20) pour détecter une présence d’un objet (9) dans une zone de surveillance (8), le procédé (20)
comprenant :

- 'obtention (21) d’au moins une valeur de signal de capteur liée a une quantité de rayonnement infrarouge
regcu en provenance de I'intérieur de la zone de surveillance (8),

- la production (22) d’au moins une valeur de contraste en comparant au moins une valeur de signal de capteur
a au moins une valeur de référence ;

- la détermination (23) de la présence de l'objet (9) en évaluant une condition sur ladite au moins une valeur
de contraste, et

- l'ajustement (24) de I'au moins une valeur de référence de sorte qu’une rétroaction négative est appliquée a
ladite au moins une valeur de contraste, caractérisé en ce que :

- 'obtention d’au moins une valeur de signal de capteur liée a une quantité de rayonnement infrarouge regu en
provenance de l'intérieur de la zone de surveillance (8) comprend le fait d’avoir I'au moins une valeur de signal
de capteur produite par au moins un élément de détection de rayonnement infrarouge (11) comprenant au
moins un capteur a thermopile,

- la production (22) d’une valeur de contraste comprend la soustraction de la valeur de référence de la valeur
de signal de capteur,

- la détermination (23) de la présence de I'objet (9) comprend I'évaluation si ladite valeur de contraste dépasse
un premier niveau prédéterminé, et

- 'ajustement (24) de la valeur de référence comprenant I'ajout d’une fraction prédéterminée de la valeur de
contraste a celle-ci, ledit ajustement (24) de la valeur de référence étant exécuté quand une condition supplé-
mentaire sur ladite valeur de contraste est satisfaite, I'évaluation si ladite condition supplémentaire sur ladite
valeur de contraste est satisfaite comprenant I'évaluation si ladite valeur de contraste est au-dessous d’un
second niveau prédéterminé,

Procédé (20) selon la revendication 7, comprenant en outre I'application d’une correction de température a ladite
valeur de signal de capteur a ladite valeur de référence en tenant compte d’'une mesure de température ambiante.

Procédé (20) selon n’importe laquelle des revendications 7 a 8, dans lequel 'obtention (21) d’une valeur de signal
de capteur comprend I'obtention d’une pluralité de valeurs de signal de capteur, chaque valeur de signal de capteur
étant liée a une quantité de rayonnement infrarouge regu en provenance de l'intérieur d’'une sous-région corres-
pondante (17) de la zone de surveillance (8) ; la production d’'une valeur de contraste (22) comprend la fourniture
d’une pluralité de valeurs de contraste par comparaison élément par élément de la pluralité de signaux de capteur
a une pluralité de valeurs de référence ; la détermination (23) de la présence de l'objet (9) comprend I'évaluation
de ladite condition sur ladite pluralité de valeurs de contraste ; et I'ajustement (24) de lavaleur de référence comprend
ajustement de la pluralité de valeurs de référence élément par élément de sorte qu’'une rétroaction négative est
appliquée a chacune de la pluralité de valeurs de contraste.
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