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(54) An optical system for occupancy sensing, and corresponding method

(57) An optical system for occupancy sensing ac-
cording to the invention comprises:
- a plurality of optical line sensors (101, 102, 103; 201;
301), each consisting of a linear array of light sensing

elements (202); and
- an optical light integrating device (203; 302, 303) that
integrates light from rays with incidence angles subject
to geometric constraints to be sensed by a light sensing
element (202).
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Description

Field of the Invention

[0001] The present invention generally relates to oc-
cupancy sensing, i.e. establishing a view on the occu-
pancy of a space by persons and/or objects, like for in-
stance a two dimensional (2D) top view or side view of
a scene in a room containing people and objects, or a
three dimensional (3D) map of a scene by combination
of several 2D views. Occupancy sensing is used for var-
ious applications such as surveillance, video conferenc-
ing, smart rooms, building automation, sport games anal-
ysis, pick-and-place machine vision, intelligent airbags
for cars, etc. The current invention in particular concerns
a way for occupancy sensing that is very accurate, non-
intrusive such that sensed objects or persons do not have
to be tagged with dedicated devices, privacy friendly, low-
power consuming in order to be battery operable, fast
and cost-efficient, and has no or little impact on existing
infrastructure and aesthetics.

Background of the Invention

[0002] Occupancy sensing systems are used in a wide
variety of applications. Typically, they provide input to
other applications, such as a Building Automation Sys-
tem. As a result, it is desired that these occupancy sens-
ing systems are relatively cheap, i.e. below the cost re-
ductions that are achievable through applications that
make use of the 2D or 3D occupancy knowledge, such
as a smart building system that switches off lights for
energy saving depending on the location and activity of
people in the room.
[0003] One dimensional (1D) occupancy sensing sys-
tems are able to detect and observe the behaviour of a
person or crowd, but not the fine details of their move-
ments. Such one dimensional occupancy systems can
generate numerical or statistical information but are not
able to produce a 2D or 3D view on the occupancy of a
space by people and objects. An example system that
uses 1D occupancy sensors is described in the article
"Buzz: Measuring and Visualizing Conference Crowd
from the authors Christopher Wren, Yuri Ivanov and Dar-
ren Leigh.
[0004] In order to be able to produce a 2D occupancy
map, various 2D occupancy sensing systems have been
proposed in literature: these existing 2D occupancy sens-
ing systems are either based on cameras, passive infra-
red or PIR sensors, pressure sensitive carpets, or active
beacons based on radar, ultrasound or radio technology.
A combination of two or more of the foregoing techniques
is also possible.
[0005] Camera based systems for 2D occupancy
sensing, such as for instance the one described in US
Patent 7,450,735 entitled "Tracking Across Multiple
Cameras with Disjoint Views", rely on a single top-view
camera or multiple cameras (side-view, top-view or a

combination of both) in order to generate images that
can be processed to establish an occupancy map of the
room. These cameras are usually visible within the room
and also the required wiring, e.g. for powering the cam-
eras, has infrastructural and aesthetic implications. The
cameras have a relatively high power consumption as a
result of which it is difficult to operate them on battery
power for the purpose of occupancy sensing. The cam-
eras in other words need to be connected to power wiring
or power over Ethernet wiring. Regular cameras produce
detailed, high resolution images which further may pose
these systems at risk of privacy breach when used for
occupancy sensing. At last, the images generated by re-
al-time still or video cameras require high bit rates and
expensive image processing in order to turn the images
into a 2D occupancy map. A single top-view camera re-
duces the costs and processing requirements in compar-
ison with multiple cameras, but still suffers from exces-
sive power consumption, the need for wiring, and the risk
for privacy breaches. Moreover, a single top-view camera
may loose accuracy when used in large rooms or rooms
with a more complex geometry.
[0006] Existing solutions based on pressure sensors
integrated in carpets, seats, flooring, etc. have as main
disadvantage their intrusive nature in the interior of the
room. Occupancy sensing systems based thereon re-
quire expensive alterations to existing infrastructure in
case of renovation, or limit the choice of flooring materials
significantly in case of new construction. In addition,
these pressure sensor based occupancy sensing sys-
tems involve wiring for power and data because their
power consumption does not allow battery-based oper-
ation.
[0007] State of the art occupancy sensing systems
based on active sensors such as radar, ultrasound or
radiofrequency (RF) based beacons typically need ex-
tensive noise cancellation and excessive processing be-
cause direction of arrival methods have to be applied.
The position measurements obtained with these technol-
ogies are not as accurate as can be achieved with cam-
era-based systems. Their power consumption is relative-
ly high - they are active sensors - whereas their angular
resolution is rather limited. The article "Positioning with
Independent Ultrasonic Beacons" from the authors
Michael McCarthy and Henk Muller for instance de-
scribes a system for positioning sensing based on ultra-
sound technology. A system based on RF technology is
described in the article "RADAR: An In-Building RF-
Based User Location and Tracking System" from the au-
thors Paramvir Bahl and Venkata N. Padmanabhan.
[0008] PIR or passive infrared sensors generate binary
output signals: motion or no motion. Their angular reso-
lution is limited and as a result of the binary output, also
the accuracy obtainable with PIR technology is limited.
As a result, a large number of PIR sensors would be
needed in order to obtain a reliable and accurate system
for occupancy sensing. Occupancy systems based on
PIR sensors are for instance described in US Patent
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7,486,193 entitled "Occupancy Sensor Network".
[0009] It is an objective of the present invention to dis-
close a system and method for occupancy sensing that
overcome the shortcomings of the above cited existing
systems. In particular, it is an objective to disclose a sys-
tem for occupancy sensing that is not intrusive and allows
accurate sensing and cost-efficient generation of a 2D
or 3D occupancy map with low energy consumption and
without the risk for privacy breach when used in enter-
prises, elderly homes, etc.

Summary of the Invention

[0010] According to the present invention, the above
mentioned objectives are realized by an optical system
for occupancy sensing as defined by claim 1, the system
comprising:

- a plurality of optical line sensors, each optical line
sensor comprising a linear array of light sensing el-
ements; and

- an optical light integrating device adapted to inte-
grate light from rays with incidence angles subject
to geometric constraints to be sensed by a light sens-
ing element out of the light sensing elements.

[0011] Thus, the current invention makes use of mul-
tiple optical line sensors that are equipped with a light-
integrating device that integrates all light rays with inci-
dence angles subject to certain geometric constraints.
The invention is based on the insight that for some ap-
plications it is beneficial to aggregate observations be-
cause of e.g. repetitive structures in the scene. According
to the invention, it is proposed to perform the aggregation
optically, as will be further explained below. In particular
for applications such as 2D occupancy sensing, pick-
and-place machine vision, intelligent airbags, etc., ob-
servations along one direction can be reduced to a single
observation. For these applications, the light-integrating
device can be designed such that it integrates all light
along that direction which reduces the required number
of sensing elements. As opposed to cameras that have
a two-dimensional array of sensing elements, an optical
line sensor is a linear array of light sensing elements such
as photodiodes, thus simplifying the observation and the
post-processing. Such optical line sensors are commer-
cially available and used for instance in scanners that
scan two dimensional images by moving the optical line
sensor with respect to the image, or vice versa, by moving
the image or object that is scanned. Such optical line
sensors are particularly useful in the occupancy sensing
system according to the current invention because of
their low power consumption, currently near 8 mWatt or
about a factor 100 below the power consumption of avail-
able camera sensors, their high achievable data rates,
their high bit depth, their privacy-friendly nature, and their
low cost of about 4 Euros today. Since the line sensors
can be battery-operated, there is no need for changes in

infrastructure or wiring.
[0012] The light integrating device integrates all light
with incidence angles subject to specific geometric con-
straints onto a single photodiode or more generally onto
a single light sensing element in a line sensor. Each el-
ement or pixel in a line sensor consequently senses only
the light coming from a certain incidence region in the
three dimensional space. The combination of an optical
line sensor and a light integrating device is called a light
integrating line sensor throughout this patent application.
The data produced by such a light integrating line sensor
is called a scan line throughout this patent application.
In the invented occupancy sensing system, multiple line
sensors view a scene in the space from different direc-
tions, each producing a scan line. The scan lines from
multiple line sensors, i.e. two or more, are used for 2D
or 3D occupancy calculation.
[0013] An important advantage of the light-integrating
optical line sensors based occupancy sensing is that the
acquisition of a scan line, which is the first step of known
occupancy sensing algorithms from literature, such as
for instance the one described in the article "Optimal
Camera Selection in Vision Networks through Shape Ap-
proximation", authored by M. Morbee, L. Tessens, H.
Lee, VV. Philips and H. Aghajan, and published in the
Proceedings of the 2008 IEEE 10th Workshop on Multi-
media Signal Processing, pages 46-51, is performed
completely optically without any need for processing or
memory resources. Also the energy requirements are
minimized in this first step as the line sensors have low
power consumption and can be battery-operated.
[0014] Optionally, as defined by claim 2, the region in
space containing the rays with incidence angles subject
to geometric constraints may be frustum shaped, and the
optical light integrating device may comprise a light pass-
ing aperture.
[0015] Indeed, when the light integrating device is im-
plemented as an aperture in a plate, the light rays from
a frustum shaped region in 3D space shall be integrated
onto a single light sensing element.
[0016] According to a further optional aspect of the op-
tical system for occupancy sensing according to the cur-
rent invention, the region in space containing the rays
with incidence angles subject to geometric constraints
may be centred along a two dimensional plane, the plane
comprising the light sensing element and being oriented
along a predefined viewing direction and a direction of
integration. This optional aspect is defined by claim 3.
[0017] Thus, information from a frustum centred
around a plane along the viewing direction and the direc-
tion of integration is observed by one light sensing ele-
ment. The direction of integration coincides with the di-
rection along which observations are combined. The di-
rection of the line sensor itself must coincide with the
direction along which data will be gathered. In case the
line sensor is mounted horizontally, each light sensing
element shall for instance sense the light coming from a
plane that contains the light sensing element and that is
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oriented along a predefined viewing direction and the di-
rection of integration. For 2D occupancy sensing in a
room, this is advantageous because one is not interested
in occupancy information along an axis perpendicular to
the ground plane but in a 2D top view occupancy map.
The information along an axis perpendicular to the
ground plane is to be combined into a single observation
for each 2D top view position.
[0018] As is further specified by claim 4, the optical
light integrating device in the optical system according
to the present invention, may comprise a light passing
slit substantially perpendicular to the optical line sensor.
[0019] Thus, a simple and cost-effective implementa-
tion of the light integrating device consists of a slit in a
plate, e.g. made out of metal, plastic, or an alternate ma-
terial. The slit is positioned perpendicular to the line sen-
sor, e.g. vertically in case the line sensor is mounted hor-
izontally on a wall in the room. According to this imple-
mentation, each light sensing element shall sense the
light coming from a plane that contains the light sensing
element and the slit. As an alternative for a slit, the light
integrating device could consist of a lens or set of lenses.
An implementation with lenses however is more expen-
sive. One can argue that lenses with large aperture can
increase the light intensity on the photodiodes in com-
parison with a slit implementation, but this is generally
not needed and even not desirable since light-sensing
elements of line sensors are usually very light-sensitive
due to their relatively large sensing surface compared to
e.g. light-sensing elements of cameras.
[0020] Further optionally, as defined by claim 5, the
optical system is adapted for occupancy sensing in a
substantially rectangular room and the plurality of optical
line sensors consists of two optical line sensors respec-
tively mounted in different corners of the room adjacent
to a long wall of the room.
[0021] Thus, a preferred implementation of the current
invention contains two line sensors mounted horizontally
in two corners that are adjacent to one of the longest
walls of a rectangular room. This way, the maximum po-
sitioning error on the position of a single person or object
present in the room is minimized, as will be explained
further in this patent application. In case of applications
like machine vision or occupancy sensing in e.g. auto-
motive, the term room must be broadly interpreted to cov-
er a (substantially rectangular) space, and the term wall
must be interpreted to cover any delineation of such
space.
[0022] Alternatively, as defined by claim 6, the optical
system is adapted for occupancy sensing in a substan-
tially rectangular room and the plurality of optical line sen-
sors consists of three optical line sensors respectively
mounted in different corners of the room.
[0023] Again, three line sensors located horizontally in
three different corners of a rectangular room shall mini-
mize the maximum positioning error on a single person
or object present in the room, as will be explained further.
[0024] According to another alternative implementa-

tion of the invention, defined by claim 7, the optical sys-
tem is adapted for occupancy sensing in a substantially
rectangular room and the plurality of optical line sensors
consists of four optical line sensors respectively mounted
in two opposite corners of said room, and along opposite
long walls of the room adjacent to the two opposite cor-
ners.
[0025] Also in this situation, the maximum positioning
error on a single person or object in the room is mini-
mized.
[0026] Still optionally, as defined by claim 8, each op-
tical line sensor out of the plurality of optical line sensors
may be mounted on a wall within the room such that the
persons and/or objects of interest are sensed, typically
at a height between 0 cm and a minimum height of a
typical person/object to be detected.
[0027] In other words, in a preferred embodiment of
the invention, the line sensors are positioned at a height
where any person that is present in the room, sitting or
standing, and any object of interest will be detected. The
line sensors therefore preferably are positioned parallel
to the ground plane, at a height that lies between the
ground plane and the height of an average object to be
detected.
[0028] According to a further optional aspect defined
by claim 9, the optical system may comprise:

- one or more processor(s) adapted to receive data
from at least one of the plurality of optical line sensors
or another processor, and adapted to process the
data according to a background/foreground process-
ing algorithm in order to determine occupancy.

[0029] Indeed, on the scan lines from the line sensors,
a processor can apply known background/foreground
subtraction algorithms. Such subtraction algorithms are
for instance described in the article "Efficient Approxi-
mate Foreground Detection for Low-Resource Devices"
from the authors L. Tessens, M. Morbee, W. Philips, R.
Kleihorst and H. Aghajan. A single processor may proc-
ess the scan lines from plural line sensors. Alternatively,
a processor per line sensor may be foreseen, eventually
complemented with a central processor. As a result of
such algorithm, the processor(s) shall determine the
probability that a pixel in a scan line is a foreground pixel.
The background/foreground information received from
the algorithm can be submitted to a threshold in order to
obtain a binary signal. Thereafter, a 2D or 3D occupancy
map can be calculated using known algorithms. Alterna-
tively, the background/foreground information can be
kept without submission to a threshold, and a more ac-
curate 2D or 3D occupancy map can be calculated using
a different known algorithm.
[0030] Further optionally, as defined by claim 10, the
processor may be adapted to receive and process data
from plural shots in time taken by at least one of the optical
line sensors or from plural shots in time of an occupancy
map.
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[0031] Thus, the line sensors may be controlled to pro-
duce plural scan lines at successive time moments.
These scan lines, in particular the changes between suc-
cessive scan lines, may be used by the processor(s) to
more accurately determine the background/foreground
pixels. Similarly, successive 2D/3D occupancy maps
may be used by the processor(s) to more accurately de-
termine 2D/3D occupancy.
[0032] In addition to an optical device for occupancy
sensing as defined by claim 1, the current invention also
relates to a corresponding method for occupancy sensing
in a room as defined by claim 11, the method comprising
the steps of:

- providing in the room a plurality of optical line sen-
sors, each optical line sensor comprising a linear ar-
ray of light sensing elements; and

- integrating light from rays with incidence angles sub-
ject to geometric constraints to be sensed by a light
sensing element out of the light sensing elements.

Brief Description of the Drawings

[0033] Fig. 1A illustrates an embodiment of the occu-
pancy sensing system according to the present invention;
[0034] Fig. 1B illustrates a 2D occupancy map meas-
ured by the embodiment of the occupancy sensing sys-
tem of Fig. 1A;
[0035] Fig. 2 illustrates an optical line sensor as used
in an embodiment of the occupancy sensing system ac-
cording to the present invention;
[0036] Fig. 3A and Fig 3B illustrate a light integrating
optical line sensor as used in an embodiment of the oc-
cupancy sensing system according to the present inven-
tion;
[0037] Fig. 4 illustrates the re-projection frustums of
an optical line sensor used in an embodiment of the oc-
cupancy sensing system according to the present inven-
tion;
[0038] Fig. 5a illustrates the intersections of re-projec-
tion frustums of two optical line sensors used in an em-
bodiment of the occupancy sensing system according to
the present invention;
[0039] Fig. 5b illustrates the intersections of re-projec-
tion frustums of three optical line sensors used in an em-
bodiment of the occupancy sensing system according to
the present invention;
[0040] Fig. 5c illustrates the intersections of re-projec-
tion frustums of four optical line sensors used in an em-
bodiment of the occupancy sensing system according to
the present invention;
[0041] Fig. 6 illustrates the re-projection frustums of
an optical line sensor used in an embodiment of the oc-
cupancy sensing system according to the present inven-
tion for an elliptical room;
[0042] Fig. 7a illustrates the intersections of re-projec-
tion frustums of two optical line sensors used in an em-
bodiment of the occupancy sensing system according to

the present invention for an elliptical room;
[0043] Fig. 7b illustrates the intersections of re-projec-
tion frustums of three optical line sensors used in an em-
bodiment of the occupancy sensing system according to
the present invention for an elliptical room;
[0044] Fig. 7c illustrates the intersections of re-projec-
tion frustums of four optical line sensors used in an em-
bodiment of the occupancy sensing system according to
the present invention for an elliptical room; and
[0045] Fig. 8 illustrates a 3D occupancy map generat-
ed by an embodiment of the occupancy sensing system
according to the invention in a pick-and-place application.

Detailed Description of Embodiment(s)

[0046] Fig. 1A shows an embodiment of the occupancy
sensing system according to the invention that consists
of three light integrating optical line sensors 101, 102 and
103. These light integrating optical line sensors 101, 102
and 103 are linear arrays of photodiodes that are posi-
tioned parallel to the ground plane at a height such that
the persons or objects of interest are sensed, e.g. for
persons at 150 cm from the ground plane. The light in-
tegrating line sensors 101, 102 and 103 include optical
light integrating devices that consist of metal plates with
a slit. This slit controls the re-projection frustum of each
photodiode, i.e. the light that is integrated onto that pho-
todiode. These re-projection frustums are centred along
vertical planes. The re-projection frustum of a photodiode
is centred along a vertical plane that contains the photo-
diode and the slit, which is the light integrating device. In
Fig. 4, some of these re-projection frustums are shown
in a 2D representation and referenced by 411, 412, 413,
414, 415, 416, 417, 418, 419 and 420. The line sensor
401 is supposed to contain ten photodiodes. In a practical
line sensor, the number of photodiodes is much higher,
but for the sake of clarity ten photodiodes were chosen
for Fig. 4. The frustums are represented in two dimen-
sions (2D) but have a three-dimensional (3D) shape,
which is the extension along the direction of the slit of
the 2D projection of the frustum - this 2D projection is
shown in Fig. 4 - along the direction of the slit. By exten-
sion, the re-projection frustum of a set of (adjacent) pho-
todiodes is defined as the union of the re-projection frus-
tums of each of the individual photodiodes.
[0047] Fig. 1A further shows two persons, 141 and
142, that are present in the room. As is illustrated by Fig.
1A, these two persons, 141 and 142, are detected by two
sets of spatially grouped photodiodes in the first line sen-
sor 101, more particularly by the set of photodiodes with
re-projection frustum 111 and the set of photodiodes with
re-projection frustum 112. The two persons, 141 and 142,
are also detected by two sets of photodiodes in the sec-
ond line sensor 102, more particularly by the set of pho-
todiodes with re-projection frustum 121 and the set of
photodiodes with re-projection frustum 122. In the third
line sensor 103, only the set of photodiodes with re-pro-
jection frustum 131 senses the presence of the persons
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141 and 142. The scan lines from line sensors 101, 102
and 103 are transferred to a central processor (or respec-
tive individual processors, or a combination) that applies
a state of the art background/foreground subtraction al-
gorithm to locate the two people 141 and 142. As a result,
the light integrating line sensors 101, 102 and 103 gen-
erate the scan line with foreground/background images
104, 105 and 106, shown in Fig. 1A. The black pixels in
these scan line foreground/background images 104, 105
and 106 denote the presence of a person or object,
whereas the white pixels in these scan line foreground/
background images 104, 105 and 106 denote the ab-
sence thereof. These scan line foreground/background
images 104, 105 and 106 are used to generate a 2D
occupancy map 150 of the room showing the respective
top view positions 151 and 152 of the persons 141 and
142 in the room. This occupancy map 150 is drawn in
Fig. 1B.
[0048] Fig. 2 shows the light integrating line sensor
101 of Fig. 1 in more detail. The light integrating line sen-
sor 101 contains a line sensor 201 or linear array of pho-
todiodes 202 each of which represents a pixel in the scan
line that will be produced by the line sensor 201. The light
integrating line sensor 101 further contains a light inte-
grating device 203 which is implemented as a slit in a
metal plate. As a result of the slit, all light within the re-
projection frustum 204 is integrated onto the photodiode
202. As a consequence, all light within the frustum cen-
tred along a vertical plane that contains the slit and pho-
todiode 202 is sensed by the photodiode 202.
[0049] Fig. 3A and Fig. 3B further illustrate the posi-
tioning of a slit 302 in metal plate 303 vis-à-vis the line
sensor 301. Typically, the slit 302 will be positioned per-
pendicular or substantially perpendicular to the direction
of the line sensor 301, such that the re-projection frustum
of a photodiode in the line sensor 301 becomes centred
along a vertical plane Φ perpendicular to the line sensor
301 and containing the respective photodiode. Thus,
each photodiode or sensing element of the line sensor
301 senses the light coming from a frustum centred
around a two-dimensional plane that comprises the light
sensing element and the slit and which is oriented along
the viewing direction. Such an optical system based on
a light-passing aperture or slit is more attractive than a
lens because it is easier and cheaper to produce and
mount, and it still allows sufficient light to fall onto the
sensor in order to produce useful output data. In this re-
spect, it is worth noting that the sensing elements of a
line sensor are more light sensitive than for instance
those of a regular camera.
[0050] As illustrated here above, intersecting the areas
sensed by several photodiodes in plural line sensors en-
ables to localize the foreground objects on a 2D or 3D
occupancy map. The number of line sensors, the position
of these line sensors, the viewing direction of these line
sensors, and the viewing range of these line sensors are
parameters that should be determined in order to mini-
mize an error criterion that is suitable for the application

wherein the occupancy sensing is used. Two examples
of such error criteria are the average positioning error
and the maximum positioning error of a person or object
in a room.
[0051] In case the average positioning error of a per-
son or object in the room is to be minimized, the above
listed design parameters of the occupancy sensing sys-
tem according to the invention should be determined
such that the average size of the area intersecting the
re-projection frustums of photodiodes of different line
sensors is minimized. Alternatively, the different inter-
section areas can be weighted with weights taking into
account the statistics of the room occupancy in order to
minimize a weighted average positioning error. This way,
areas that are more likely to be occupied with persons
or objects are given a higher weight.
[0052] In case the maximum positioning error of a per-
son or object in the room is to be minimized, the above
listed design parameters of the occupancy system ac-
cording to the invention should be determined such that
the maximum size of the area intersecting the re-projec-
tion frustums of photodiodes of different line sensors is
minimized. Also in this case, the positioning errors of the
different intersections can be scaled with weighing fac-
tors such that areas that are more likely to be occupied
become privileged in the error criterion.
[0053] Fig. 4 illustrates a light integrating line sensor
with a viewing range of 90° and ten light sensing elements
in a rectangular room whose length equals twice the
width. It is assumed that the viewing direction of a line
sensor is centred along an angle of 45° to the two walls
in case the line sensor is positioned in a corner of the
room, and assumed that the viewing direction of the line
sensor is perpendicular to the wall whenever the line sen-
sor is positioned on a wall. Under these assumptions,
the positioning of a single light integrating line sensor 401
that minimizes the maximum positioning error for a per-
son or object in the room without considering a weight
factor, is in one of the four corners as illustrated by Fig.
4. Fig. 4 further shows the re-projection frustums 411,
412, 413, 414, 415, 416, 417, 418, 419 and 420 of ten
photodiodes or light sensing elements that form part of
the light integrating line sensor 401. The different re-pro-
jection frustums are represented by different grey levels,
going from white for re-projection frustum 411 to black
for re-projection frustum 420.
[0054] In case of an occupancy sensing system with
two light integrating line sensors 511 and 512, and under
similar assumptions, the positioning of these light inte-
grating line sensors 511 and 512 that minimizes the max-
imum positioning error of a person or object in the room
is in the corners adjacent to one of the long walls of the
rectangular room. One possibility is illustrated by Fig. 5A.
Similarly, for a system with three light integrating line sen-
sors, 521, 522 and 523, with minimized maximum posi-
tioning error, the three line sensors 521, 522 and 523
have to be located in three corners of the room. One of
the four possible configurations is illustrated by Fig. 5B.
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For an occupancy sensing system with four light integrat-
ing line sensors, 531, 532, 533 and 534, that still satisfy
the above assumptions, two light integrating line sensors,
e.g. 532 and 533, have to be positioned in opposite cor-
ners of the room whereas the remaining two light inte-
grating line sensors, e.g. 531 and 534, have to be posi-
tioned along the long wall and adjacent to the corners
wherein the first two light integrating line sensors are lo-
cated. Fig. 5C shows one possible configuration in case
of four line sensors.
[0055] Fig. 6, Fig. 7A, Fig. 7B, and Fig. 7C illustrate
optimized positioning of the light integrating line sensors
in embodiments of the current invention that are used for
occupancy sensing in an elliptical room whose major axis
equals twice the minor axis.
[0056] Fig. 6 shows a single light integrating line sen-
sor 601 with a viewing range of 90 degrees. This light
integrating line sensor 601 has to be positioned as indi-
cated in Fig. 6 in order to minimize the maximum posi-
tioning error for one person or object in the room, again
assuming that no weights are used to scale the different
areas in the room in function of their statistical chance
for being occupied.
[0057] In case of an occupancy system according to
the invention containing two light integrating line sensors,
711 and 712, the optimal positioning and viewing direc-
tion in order to minimize the maximum positioning error
is illustrated by Fig. 7A. For a similar embodiment of the
invented occupancy sensing system, having three light
integrating line sensors 721, 722 and 723, the positioning
and viewing direction that minimizes the maximum posi-
tioning error on the occupancy of a single person or object
in the room, is illustrated by Fig. 7B. At last, Fig. 7C illus-
trates the positioning and viewing direction of four light
integrating line sensors, 731, 732, 733 and 734 that min-
imize the maximum positioning error for one person or
object in an elliptical room.
[0058] It is noticed that in case more than one person
or object occupies the room, the above illustrated optimal
positioning and viewing directions of the light integrating
line sensors still holds when it is assumed that no person
or object blocks the sensors’ view on another person or
object. In case of occlusion, a larger number of light in-
tegrating line sensors is beneficial to reduce the percent-
age of sensors whose viewing range is blocked.
[0059] Although the invention has been described here
above with reference to detection of the location of per-
sons or objects in a room, the applicability of occupancy
sensing based on light integrating line sensors goes be-
yond person and object location in a room and 2D map-
ping thereof. In particular for vision applications where
observations along one direction can be reduced to a
single observation, e.g. because what one measures has
a repetitive structure along this direction, the current in-
vention is useful. For 2D occupancy sensing in a room,
it is for instance not important if the measurement is done
at knee-height or shoulder height when people are sup-
posed to stand upright. Thanks to the optical light inte-

grating element, the current invention combines obser-
vations along one direction.
[0060] A different area wherein the invention can be
used for instance is pick-and-place machine vision. In
applications where robot arms have to position boxes, it
is important to know where the boxes are located in order
to control the robot arms, avoid collisions, etc. Such an
application of the current invention is illustrated by Fig.
8. The location of a robot arm 801 and a box 802 can be
sensed and visualized on a 3D map 800 that is consti-
tuted for instance from two 2D occupancy maps, 803 and
804, that are generated using an embodiment of the in-
vention as described here above. Plural side view maps
and/or top view maps generated according to the current
invention may then be combined in order to produce a
3D map 800 of the boxes and robot arms.
[0061] In yet another application, the current invention
may assist an intelligent airbag to detect the kind of object
that is located in a vehicle’s seat, e.g. a person, a bag,
a kid’s chair, etc. The current invention may further assist
the intelligent airbag in determining the exact position of
the object, e.g. left or right, in the front or back of the seat.
An embodiment of the current invention may therefore
be adapted to determine occupancy of a vehicle’s seat
relative to vertical and horizontal axes of the seat. The
occupancy information produced according to the current
invention will then serve as input to control the intelligent
airbag in case of an accident.
[0062] Although the present invention has been illus-
trated by reference to specific embodiments, it will be
apparent to those skilled in the art that the invention is
not limited to the details of the foregoing illustrative em-
bodiments, and that the present invention may be em-
bodied with various changes and modifications without
departing from the scope thereof. The present embodi-
ments are therefore to be considered in all respects as
illustrative and not restrictive, the scope of the invention
being indicated by the appended claims rather than by
the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims
are therefore intended to be embraced therein. In other
words, it is contemplated to cover any and all modifica-
tions, variations or equivalents that fall within the scope
of the basic underlying principles and whose essential
attributes are claimed in this patent application. It will
furthermore be understood by the reader of this patent
application that the words "comprising" or "comprise" do
not exclude other elements or steps, that the words "a"
or "an" do not exclude a plurality, and that a single ele-
ment, such as a computer system, a processor, or an-
other integrated unit may fulfil the functions of several
means recited in the claims. Any reference signs in the
claims shall not be construed as limiting the respective
claims concerned. The terms "first", "second",
third", "a", "b", "c", and the like, when used in the descrip-
tion or in the claims are introduced to distinguish between
similar elements or steps and are not necessarily de-
scribing a sequential or chronological order. Similarly,
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the terms "top", "bottom", "over", "under", and the like
are introduced for descriptive purposes and not neces-
sarily to denote relative positions. It is to be understood
that the terms so used are interchangeable under appro-
priate circumstances and embodiments of the invention
are capable of operating according to the present inven-
tion in other sequences, or in orientations different from
the one(s) described or illustrated above.

Claims

1. An optical system for occupancy sensing,
CHARACTERIZED IN THAT said optical system
comprises:

- a plurality of optical line sensors (101, 102,
103; 201; 301), each optical line sensor com-
prising a linear array of light sensing elements
(202); and
- an optical light integrating device (203; 302,
303) adapted to integrate light from rays with
incidence angles subject to geometric con-
straints to be sensed by a light sensing element
(202) out of said light sensing elements.

2. An optical system for occupancy sensing according
to claim 1,
wherein a region in space containing said rays with
incidence angles subject to geometric constraints is
frustum shaped, said optical light integrating device
comprising a light passing aperture.

3. An optical system for occupancy sensing according
to claim 1 or claim 2, wherein a region in space con-
taining said rays with incidence angles subject to ge-
ometric constraints is centred along a two dimen-
sional plane, said plane comprising said light sensing
element (202) and being oriented along a predefined
viewing direction and a direction of integration.

4. An optical system for occupancy sensing according
to any one of claims 1 to 3,
wherein said optical light integrating device (302,
303) comprises a light passing slit (302) substantially
perpendicular to said optical line sensor (301).

5. An optical system for occupancy sensing according
to any one of claims 1 to 4,
wherein said optical system is adapted for occupan-
cy sensing in a room; and
wherein said room is substantially rectangular and
said plurality of optical line sensors consists of two
optical line sensors (511, 512) respectively mounted
in different corners of said room adjacent to a long
wall of said room.

6. An optical system for occupancy sensing according

to any one of claims 1 to 4,
wherein said optical system is adapted for occupan-
cy sensing in a room; and
wherein said room is substantially rectangular and
said plurality of optical line sensors consists of three
optical line sensors (521, 522, 523) respectively
mounted in different corners of said room.

7. An optical system for occupancy sensing according
to any one of claims 1 to 4,
wherein said optical system is adapted for occupan-
cy sensing in a room; and
wherein said room is substantially rectangular and
said plurality of optical line sensors consists of four
optical line sensors (531, 532, 533, 534) respectively
mounted in two opposite corners of said room, and
along opposite long walls of said room adjacent to
said two opposite corners.

8. An optical system for occupancy sensing according
to any one of claims 1 to 7,
wherein each optical line sensor out of said plurality
of optical line sensors (101, 102, 103; 201; 301) is
mounted on a wall within said room at a height be-
tween 0 cm and a minimum height of an object to be
detected.

9. An optical system for occupancy sensing according
to any one of claims 1 to 8, said optical system further
comprising:

- a processor adapted to receive data from at
least one of said optical line sensors (101, 102,
103; 201; 301) or another processor, and adapt-
ed to process said data according to a back-
ground/foreground processing algorithm in or-
der to determine occupancy.

10. An optical system for occupancy sensing according
to claim 9,
wherein said processor is adapted to receive and
process data from plural shots in time taken by at
least one of said optical line sensors (101, 102, 103;
201; 301) or from plural shots in time of an occupancy
map (150, 800).

11. A method for occupancy sensing,
CHARACTERIZED IN THAT said method compris-
es the steps of:

- providing a plurality of optical line sensors (101,
102, 103; 201; 301), each optical line sensor
comprising a linear array of light sensing ele-
ments (202); and
- integrating light from rays with incidence angles
subject to geometric constraints to be sensed
by a light sensing element (202) out of said light
sensing elements.
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