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DESCRIPTION

Field of the invention

[0001] The present invention 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 or is 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 ym 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 pm, 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 ym and 15 pm or between 7 ym 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
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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. 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 present in 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
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immobile for a while.

[0019] It is an advantage of embodiments of the present invention that a device is provided that may replace conventional 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] It is an advantage of embodiments of the present invention that a device is provided that does not require a timer.

[0022] It is 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] It is 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.

[0025] It is 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 temperature
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] In a detection device according to embodiments of the present invention, 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
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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] In a second aspect, the present invention provides a method for detecting a presence of an object in a surveillance 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 least one 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 present invention may furthermore comprise applying a temperature
correction to said sensor signal value or to said reference value taking into account an 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-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 embodiment(s)
described hereinafter.

Brief description of the drawings

[0042]

FIG. 1 schematically shows a first embodiment of a detection device according to a first aspect of the present invention.

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.
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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 present invention 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 or illustrated 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
other features, 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 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
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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 thermocouple, 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 thermocouple. A thermopile for infrared radiation detection may be formed on a
semiconductor, e.g. silicon, chip. For example, 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 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 Cj is calculated, e.g. Cj=/;-Bj.1, where Bj_1 refers to the reference value provided in a previous time
step i-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
Bp 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.
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[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 temperature higher than its environment,
e.g. a person may have a surface temperature approximately between27°C and 33°C, for a room with ambient temperature
between 15°C and 30°C. The reference value Bj.1 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 /j 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
Cj 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 Bj may be provided by B; = Bj.1 + B.Cj. The proportionality ratio f 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.

B_+pB.C, ,ifC <8

{ B., Jf G286’

B =

in which the predetermined second level 8 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 °Cf/s.

[0064] Optionally, the detection device 10 may comprise an ambient temperature sensor 15. The processing unit 12 may be
adapted for receiving a temperature signal from this ambient temperature sensor 15 and for applying a temperature correction to
the sensor signal /; or to the pre-determined reference value B;j taking into account the temperature signal. For example, the

sensor signal /j, the contrast value Cj and the reference value Bj 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 /jand T},

2. calculate Gj = |; - Bj1,
(1-B7=B+B1, ,ifC, <6

3. calculate B, = ;
calculate B, { r‘.Tf,‘B.--l fFC, 20

4. determine the presence of the object 9 when C, > a pre-determined margin L.
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[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 8,
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, but does not exceed the second threshold 8. 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 a regularly 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] For example, 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 temperature 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. - E.‘-r

[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:
_Jy iG> L
i _{0 otherwise
in which j indexes the vector components associated with the plurality of sensing elements. Li can be a function of the room
temperature measurement.
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[0072] The I, 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.
11z,
]
to a connected device or a user. The output means may also provide a related property, such as a count of persons present in a
room, 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 objects are moving, for example by
comparing a stored value Ejq or Cj1 to the current value E; or C;.

[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,
B - (-P)5-B.,;+B.1,; ,ifC,.‘,.<0‘

" ,LlB JfC ;26

i1,

[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
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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 present invention 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 of the present invention
may be explained by the following considerations. A background subtraction, i.e. a trend 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 temperature 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] In FIG. 7, a response 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.
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INFRAR@D TILSTEDEVARELSESDETEKTOR TIL DETEKTERING AF
TILSTEDEVARELSEN AF EN GENSTAND | ET OVERVAGNINGSOMRADE
PATENTKRAV

1.

Detekteringsanordning (10) til detektering af tilstedeveerelsen af en genstand (9) i
et overvagningsomrade (8), hvilken anordning omfatter:

- mindst ét infrargdstralingsdetekteringselement (11), der er tilpasset til at generere
et sensorsignal relateret til en maengde infrared straling, der er modtaget inde fra
overvagningsomradet (8),

- en processorenhed (12), der er tilpasset til: opnaelse af sensorsignalet;
generering af en kontrastveerdi ved sammenligning af det opnaede sensorsignal
med en referenceveerdi; og bestemmelse af tilstedeveerelsen af genstanden (9)
ved evaluering af en betingelse pa kontrastveerdien; hvilken processorenhed (12)
endvidere er tilpasset til justering af referenceveerdien, saledes at negativ
feedback anvendes pa kontrastveerdien, og

- et udlaesningsmiddel (13) til udleesning af den bestemte tilstedeveerelse af
genstanden (9) og/eller en egenskab, der er afledt deraf, kendetegnet ved, at det
mindst ene infraredstrélingsdetekteringselement (11) omfatter mindst én
termosgjlesensor, og i hvilken processorenheden (12) er tilpasset til:

- generering af en kontrastveerdi ved fratreekning af en referenceveerdi fra
sensorsignalet;

- bestemmelse af genstanden (9) som veaerende til stede, nar kontrastveerdien
overskrider et forhandsbestemt ferste niveau; og

- justering af referenceveerdien, saledes at negativ feedback anvendes pa
kontrastveerdien ved addering af en forhandsbestemt fraktion af kontrastveerdien
dertil, nar kontrastveerdien er under et forhandsbestemt andet niveau.
Detekteringsanordning (10) ifglge et hvilket som helst af de foregaende krav,
hvor anordningen (10) endvidere omfatter en omgivende temperatursensor (15).
Detekteringsanordning (10) ifglge krav 2, hvor processorenheden (12) endvidere
til  tilpasset til at modtage et temperatursignal fra den omgivende
temperatursensor (15) og til at anvende en temperaturkorrektion pa
sensorsignalet eller pa referenceveerdien under hensyntagen il

temperatursignalet.
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2
Detekteringsanordning (10) ifelge et hvilket som helst af de foregaende krav,

hvor det mindst ene infrargdstralingsdetekteringselement (11) omfatter en gruppe
(18) af infrargdstralingsdetekteringselementer, og processorenheden (12) er
tilpasset til: modtagelse af en flerhed af sensorsignaler, hvor hvert sensorsignal
modtages fra et tilsvarende infraredstralingsdetekteringselement fra gruppen;
tilvejebringelse af en flerhed af kontrastvaerdier ved sammenligning element for
element af flerheden af sensorsignaler med en flerhed af referenceveerdier;
bestemmelse af tilstedevaerelsen af genstanden (9) ved evaluering af betingelsen i
forhold til flerheden af kontrastveerdier; og justering af flerheden af
referenceveerdier element for element, saledes at negativ feedback anvendes pa
flerheden af kontrastveerdier.

Detekteringsanordning (10) ifglge krav 4, hvor hvert
infrargdstralingsdetekteringselement (11) fra gruppen er tilpasset til at generere et
sensorsignal relateret til en meengde infrargd straling, der er modtaget inde fra et
tilsvarende underomrade (17) af overvagningsomradet (8), og udleesningsmidlet er
tilpasset til udleese en teelling af kontrastveerdier i flerheden af kontrastvaerdier, der
opfylder denne betingelse og/eller en egenskab, der er afledt deraf.
Detekteringsanordning (10) ifelge et hvilket som helst af de foregdende krav,
hvilken anordning endvidere omfatter mindst ét tradlgst kommunikationsmodul il
transmission af informationer mellem det mindst ene
infrargdstralingsdetekteringselement  (11), processorenheden (12) og/eller
udlaesningsmidlet (13).

Fremgangsmade (20) til detektering af tilstedeveerelsen af en genstand (9) i et
overvagningsomrade (8), hvilken fremgangsmade (20) omfatter:

- opnaelse (21) af mindst én sensorsignalveerdi relateret til en maengde infrared
straling, der er modtaget inde fra overvagningsomradet (8),

- generering (22) af mindst én kontrastveerdi ved sammenligning af den mindst
ene sensorsignalveerdi med mindst én referenceveerdi;

- bestemmelse (23) af tilstedeveerelsen af genstanden (9) ved evaluering af en
betingelse i forhold til den mindst ene kontrastveerdi, og

- justering (24) af den mindst ene referenceveerdi, saledes at negativ feedback
anvendes pa den mindst ene kontrastveerdi,

kendetegnet ved, at:
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3
- opnaelse af mindst én sensorsignalveerdi relateret til en meaengde infrared

straling, der er modtaget inde fra overvagningsomradet (8), omfatter, at den
mindst ene sensorsignalveerdi genereres af mindst ét
infrargdstralingsdetekteringselement (11) omfattende mindst én termosgjlesensor,
- generering (22) af en kontrastveerdi omfatter fratraekning af referenceveerdien
fra sensorsignalveerdien,

- bestemmelse (23) af tilstedeveerelsen af genstanden (9) omfatter evaluering
af, hvorvidt kontrastvaerdien overskrider et forhandsbestemt farste niveau, og
justering (24) af referenceveerdien omfatter addering af en forhandsbestemt
fraktion af kontrastveerdien dertil, hvilken justering (24) af referenceveerdien
udfgres, nar en yderligere betingelse i forhold til kontrastvaerdien er opfyldt, hvor
evaluering af, hvorvidt den yderligere betingelse pa kontrastveerdien er opfyldt,
omfatter evaluering af, hvorvidt kontrastveerdien er under et forhandsbestemt
andet niveau.

Fremgangsmade (20) ifglge krav 7, hvilken fremgangsmade endvidere omfatter
anvendelse af en temperaturkorrektion til sensorsignalveerdien eller il
referencevaerdien under hensyntagen til en maling af omgivende temperatur.
Fremgangsmade (20) ifelge et hvilket som helst af kravene 7 til 8, hvor opnaelse
(21) af en sensorsignalveerdi omfatter opnaelse af en flerhed af
sensorsignalveerdier, hvor hver sensorsignalveerdi er relateret til en maengde
infrared straling, der er modtaget inde fra et tilsvarende underomrade (17) af
overvagningsomradet (8); generering af en kontrastveerdi (22) omfatter
tilvejebringelse af en flerhed af kontrastvaerdier ved sammenligning element for
element af flerheden af sensorsignaler med en flerhed af referenceveerdier;
bestemmelse (23) af tilstedevaerelsen af genstanden (9) omfatter evaluering af
betingelsen i forhold til flerheden af kontrastveerdier; og justering (24) af
referenceveerdien omfatter justering af flerheden af referenceveaerdier element for
element, saledes at negativ feedback anvendes pa& hver af flerheden af

kontrastveerdier.
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