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A detection system (1) having an optical sensor (3), a radar device (2) and a signal processor (4) communicatively connected with
the optical sensor and the radar device. The signal processor comprises: a first detector (41, 410-413) for detecting a first object on
the basis of a first signal coming from the optical sensor and determining at least one first property of the first object; a second
detector (42, 420-421) for detecting a second object on the basis of a second signal coming from the radar device and determining
at least one second property of that second object, and a signaling unit (43) for producing a signal if the at least one first property
and the at least one second property satisfy a predetermined condition. Further, a method for detecting objects, comprising:
generating (100) a sensor signhal with an optical sensor; detecting (101) a first object on the basis of the sensor signal; generating
(200) a radar signal; detecting (201) a second object on the basis of the radar signal; producing (300) a detection signal Iif both on
the basis of the sensor signal and on the basis of the radar signal the same object Is detected. Also, a computer program with
program code for performing one or more steps of such a method.
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(57) Abstract: A detection system
(1) having an optical sensor (3),
a radar device (2) and a signal
processor (4) communicatively
connected with the optical sensor
and the radar device. The signal
processor comprises: a first detector
(41, 410-413) for detecting a first
object on the basis of a first signal
coming from the optical sensor and
determining at least one first property
of the first object; a second detector
(42, 420-421) for detecting a second
object on the basis of a second signal
coming from the radar device and
determining at least one second
property of that second object, and
a signaling unit (43) for producing a
signal if the at least one first property
and the at least one second property
satisfy a predetermined condition.
Further, a method for detecting
objects, comprising: generating (100)
a sensor signal with an optical sensor;
detecting (101) a first object on the
basis of the sensor signal; generating
(200) a radar signal; detecting (201) a
second object on the basis of the radar
signal; producing (300) a detection
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signal if both on the basis of the sensor signal and on the basis of the radar signal the same object is detected. Also, a computer
program with program code for performing one or more steps of such a method.
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Title: Detection system, method for detecting objects and computer program
therefor.

BACKGROUND OF THE INVENTION

This invention relates to a detection system and to a method and a
computer program for detecting objects.

American patent publication U.S. 6,061,014 discloses a surveillance
method for wide areas. According to this method, a thermal camera and a
radar device are utilized, which scan an area. Movements in the area are
detected by the radar device, while objects differing from the environment in
temperature, such as people, are detected with the camera. In one
embodiment, after detection of an object with the radar device, the object is
identified with the thermal camera and subsequently an alarm can be
generated, for instance if the object 1s a moose or a wolf.

A drawback of this known method 1s that the detection of 6bjects does

‘not work satisfactorily, because it involves a high chance of false alarm. For

instance, an object that is not of interest (for instance birds) may be signaled,

or owing to noise non-existing objects may be detected.

SUMMARY OF THE INVENTION

[t 1s an object of the 1nvention to provide a detection system that leads
little, at least less so than the known devices do, to false signaling of objects.
To that end, the invention provides a detection system according to claim 1.

With a system according to the invention, few or no instances of
incorrect signaling of objects are generate.d, for the objects detected on the
basis of the first signal and the objects detected on the basis of the second
signal are compared and tested against a predetermined condition, so that a

physical object 1s only signaled if the detected objects from the two signals

agree with each other to a sufficient extent.
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‘Moreover, with a detection system according to the invention, objects
can be described on the basis of features that are furnished both by the
camera and by the radar. As a consequence, more information about the
object is obtained, because with the optical sensor, types of features of the
object can be determined which partly differ from the types of features that
can be determined with the radar device.

The invention further provides a method according to claim 14. With
such a method, objects can be detected 1n a reliable manner. The invention
further provide's a computer program according to claim 27. With such a
program, a programmable device, such as for instance a computer or the like,
can be arra.nged to detect objects 1n a reliable manner.

It is to be noted that the American patent publication U.S. 5,479,173
discloses an apparatus for in a vehicle, for detecting obstacles. The apparatus
comprises a radar device and a camera. The radar device 1s arranged for
detecting objects, while the cainer'a 1s arranged to determine the route of the
vehicle. The apparatus can predict the route of a detected object on the basis
of data from the radar device and compare these with the route of the vehicle,
so that possible collisions between the vehicle and the object can be
determined.

Further, the French patent publication FR 2 791 473 discloses a device
for recognizing a flying object. On the basis of objects detected with a radar, a-
camera is aimed at the object, so that a user of the device can identify the
detected object.

Also, the European patent publication EP 0 528 077 discloses an air
radar system with a camera for monitoring flying objects. The system
comprises a radar device with which the objects can be detected. The system

further has means to make 1mages, so that the objects detected by the radar

can be identified.
The devices known from these three patent publications, however,

have a similar drawback to that of the method known from the American
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patent publication US 6,061,014. The fact 1s that the detection of objects 1s
not accurate, for instance because an object may be signaled which is not of
interest (for instance birds), or non-existing objects may be detected owing to
noise.

Specific embodiments of the invention are laid down in the dependent
claims. Further details, aspects and embodiments of the invention will be
discussed hereinafter on the basis of the examples represented in the

drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically shows an example of an embodiment of! a detection
system according to the invention.

Fig. 2 schematically 1llustrates 1n a flow diagram an example of a
method according to the invention. .

Fig. 3 shows a block diagram of an example of a signal pfocéssor for

use 1n a detection system ‘according to the invention.

DETAILED DESCRIPTION

Fig. 1 schematicélly shows an example of an embodiment of a detection
system according to the invention. The detection system 1 comprises a radar
device 2 and an optical sensor, in the example shown a camera 3. The radar
device 2 and camera 3 are communicatively connected with a signal processor
4, as is indicated in the Figure by the broken lines 51 and 52. Via the
communicative connection 52, the camera 3 can send to the signal processor 4
a first signal which represents a camera measurement performed by the
camera. Via the communicative connection 51, the radar device 2 can send to
the signal processor 4 a second signal which represents a radar measurement
performed by the radar.

The example of a detection system 1 in Fig. 1 1s suitable for carrying

out a method for detecting objects according to the invention. An example of a
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method according to the invention 1s shown 1n Fig. 2. In step 100, a first
signal 1s generated, which represents an optical measurement, such as, for
instance, a recording of a video camera or an infrared camera. In step 200, a
second signal 1s generated, which represents a radar measurement, such as,
for instance, a radar recording from the radar device 2 in the example of

Fig. 1. In step 101, from the first signal, that 1s, from the camera
measurement, one or more objects are detected, and properties of the detected
objects are determined, such as, for instance, assuming that the object 1s
surface-bound, the distance between the object and camera, the size of the
object, the color of the object or the like.

In step 201, the signal processor 4 likewise detects from the second
signal, that is, from the radar measurement, one or more objects and also
determines the properties thereof, such as, for instance, the reflective power,
the radial velocity, the width of the Doppler spectrum, and the like.

Next, in step 300, the signal processor 4 'compares one or more features
of the objects detected from the two signals. The signal processor can
examine, for instance, whether the distance of the objects to the camera 3 and
radar device 2, respectively, 1s such that the objects have the same position. If
the detected objects have the same position (or in any case are located
sufficiently close to each other), there 1s a very high probability that the same
physical object 1s involved. If the compared features satisfy a predetermined
condition, for instance if the difference in position is below a particular value,
the signal processor in step 301 produces a signal indicating that a physical
object h;as been detected by the 'system. |

Fig. 3 shows the signal processor 4 in more detail. The signal processor
4 has a first detector 41 and a second detector 42 to detect from the first
signal and the second signal, respectively, objects and features of the objects.
The detectors 41 and 42 are communicatively connected with a signaling unit

43. The signaling unit 43 produces a signal 1f one or more features of the

objects from the first signal and one or more features of the objects from the
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second signal satisfy a predetermined condition. The ﬁrét detector 41
comprises an object detector 410 which can detect the presence of an object
from the first signal. In the example shown, the first detector 41 further has
an azimuth angle determining unit 411 and an elevation angle determining
unit 412 for determining the azimuth angle and the elevation angle,
respectively, of a detected object. The angle determining units are
communicatively connected with the object detector 410 and a calculating
unit 413. The calculating unit can determine the distance between the
detected object and the camera 3 from the elevation and azimuth angles. The
determination of this distance can be derived, for instance using goniometric
algorithms, from the height of the camera relative to the ground and the
angles mentioned. Such a distance determination 1s known per se and 1s not
further elucidated here for the sake of brevity.

In the example shown, the radar device 2 and the camera 3 are
movable, and the device shown can operate 1n a scanning ‘fashion, whereby
the radar device 2 and the camera 3 are moved and 1n each case observe a
different part of an area. Such a movement can be, for instance, a translating,
rotary or other movement. The movement may be a reciprocating movement,

whereby the radar device 2 and the camera 3 move back and forth between a

- first and a second position. The movement can also be a circulatory

movement. The calculating umit 413 1s communicatively connected with
position determining means in a base 23 of the radar device, which can pass
on the position and viewing direction of the camera to the calculating unit
413 for determining the distance between the camera and the detected object.
However, the radar device 2 and the camera 3 can also be used 1n a fixed
position, that 1s, in a non-scanning fashion. The position determining means,
or orientation determining means, can then be omitted.

The second detector 42, connected with the radar device, likewise
comprises an object detector 420 which can detect an object from the radar

measurement, that is, from the second signal. The object detector 420 1s
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corhmunicatively connected with a distance determining unit 421 which can
determine the distance from the object detected from the second signal to the
radar device. The determination of the distance of an object from a radar
signal 1s known per se and 1s not further elucidated here for the sake of
brevity.

It 1s noted that the first detector 41 and/or the second detector 42 may
further comprise, in addition to the devices shown in Fig. 3, other devices for
determining other features of a detected object, such as, for instance, the
shape, or for instance the temperature if the optical sensor comprises a
thermal camera.

The distance determining unit 421 and the calculating unit 413 are
connected with the signaling unit 43 which compares the features of one or
more objects from the camera measurement and/or one or more objects from
the radar measurement with each other. In case the camera 3 observes one or

more objects, while the radar device 2 at the same time likewise observes one

or more objects, the detectors 41 and 42 thus yield two sets of measurements,

a camera set and a radar set. The signaling unit 43 compares the two sets of
measurements with each other. For ihstance, the signaling unit can compare
thé distances from the camera set w.ith' the distances from the radar set. If a
distance from the camera set does not match any one of the distances from
the radar set, the camera measurement associated with the distance 1s
rejected. A set of distances from a camera set and the radar set can for
instance be considered as matching by the signaling unit 43 if the difference
in distance between the distances from the two sets 1s less than a specific
threshold value, which, for instance, may be entered by an operator of the
detection system. Accordingly, when th‘e‘radar set 1s empty, that 1s, if no
objects have been detected with the radar, all camera measurements are
rejected.

If both radar and camera observe a flying object (hence, not surface-

bound), the distances derived from the camera set and the radar set will not
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match, because the distance calculated from the camera measurement i s
based on the height of the camera position relative to the ground and not a
difference in height between the camera and the object. Measurements on
ﬂyiné objects are therefore rejected.

If the distances do match, the radar features and the camera features
can be combined, thereby yielding a more complete description of the object.
In that case, the distance obtained with the camera can be replaced by the
distance obtained with the radar, since the latter is generally more accurate.

In the hiterature, different techniques are described to combine the
radar and camera data. A customary approach if the sensors are not mutually
synchronized 1s a so-called tracking process. Radar and camera
measurements are then linked (associated) with one or more 'tracks', a track
representing estimates of particular object features. A description of an
example of such a method which can be advantageously used in a system or
method according to the invention is known, for instance, from L.J.H.M.
Kester, A. Thell, "Fusion of Radar an,d EQO-sensors for Surveillance", SPIE
Conference 4380, April 2001.

If in the first signal an object is detected and for that object one or
more of the features from the first signal agree with one or more features of
an object that has been found in the second signal, the signaling unit 43 in
signal processor 4 produces a signal. For instance, the signaling unit
produces an alarm signal in a human-perceptible form, warning against
unwanted intruders. It is also possible that the signaling unit 43 sends a
signal to another device, for instance the control for a door, so that the door is
locked by the signal. The signal can also contain a combination of the features
of the object from the first signal and the features of the object from the
second signal, so that a description of the detected physical object is obtained
that includes information from both the camera measurement and the radar

measurement. Through this combination, a detailed description of the
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physical object 1s obtained, which can be represented, for instance, on a
display.

If for an object which has been detected from the first signal no object
from the second signal is found having sufficient corresponding features, the
object from the first signal is regarded by the signal processor as not detected.
If desired, the signal processor may be of such design that a signal 1s
produced in that case too, so that a user can further investigate the incorrect
detection from the first signal.

It is also possible that the signaling unit 43 can control an optical
sensor and, for instance, can collect supplemental information about the
detected object. For instance, as known from the American patent ’publication
6,061,014, the object can be classified with a thermal camera and
subsequently an alarm can be produced if the object falls into a.pa:rticular
class. | ”

The signal processor 4 shown in Fig. 3 has a ‘synchroniza’tion, as -a
result of which detection 1s'done on the basis of measurements pefformed at
the same time. The synchr’bnization can have been obtained, for instance, by
providing the signals of the radar device 2 and the camera 3 with information
about the time of measurement. The detectors 41 and 42 can then verify
mutually whether detection 1s performed on the basis of signals or
measurements of the same time. It 1s also possible, however, to obtain the
synchronization in a different manner, for instance by designing the detection
system 1 in such a way that between the camera and the signal processor the
same time delay is present as between the radar device and the signal
processor, and the camera and radar device perform measurements
simultaneously. Accordingly, the same period of time elapses between the
detection of objects from the camera and the radar device, respectively, and
the generation of the camera signal and radar signal, respectively, so that the

signals and objects can be simply combined.
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In the example of a system according to the invention in Fig. 1, the
radar device 2 comprises a dish antenna 22 provided with a feedhorn 21. The
feedhorn 21 is situated near or in the focal point of the dish 22. Such radar
devices and their operation are generally known.

In the example shown, the camera 3 1s situated near the radar device 2
and the camera 3 1s mounted on the feedhorn 21 of the radar device 2. As a
result, the field of regard of the camera and the field of regard of the radar
overlap at least partly. Preferably, the fields of regard coincide wholly or
largely. Fields of regard that coincide (largely) enhance reliability of
detection, because this prevents a camera measurement being wrongly not
censored if the radar device observes an object at the same distance from the
object observed by the camera, but outside the camera's field 6f regard. When
the camera and the radar device both detect an object at the same distance,
but the camera detects this object outside the field of regard of the radar
device, the detection can still be rejected through the camera azimuth.

Also, the viewing direction of the camera 1s parallel to the viewing
direction of the radar device, and the fields of regard of the camera and the

radar device coincide, so that by definition an object that 1s found at a

~ particular distance according to the camera information will also have to be

found ‘a"c that distance by the radar information. If these distances exhibit too
large a deviation, the object is regarded by the signal processor 4 as not
detected. Moreover, there is no need for conversion between a coordinate
system: for the camera 3 and a system for the radar device 2, which makes a
conside{'able difference as regafds the calculating capacity needed for the
signal processor.

As is indicated with the arrows A and B, the radar device 2 and the .
camera 3 are pivotable relative to the earth. As a result, the radar device 2
and camera 3 can be deployed in a scanning mode, for instance through

rotation or a reciprocating movement, in order to cover a wider area. In the

example shown, a base 23 of the radar device 2 includes a driving device (not
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shown), which 1s controlled by the signal processor 4 via.a communicative
connection 53. Also via the connection 53, information about the orientational
position of the radar device 2 and the camera can be sent to the signal
processor 4, so that the signal processor can make an accurate determination
of the position of detected objects. As described hereinbefore, however, a
detection system according to the invention can also be designed with a
stationary radar device and a stationary optical sensor, both fixed in a
particular (orientational) position.

The optical sensor can be of any suitable type and can be, for instance,
a digital photo camera or a video camera. The optical sensor camera can work
in any suitable frequency range, as for instance in the visible, infrared or
ultraviolet range.

An apparatus or method according to the invention can be used, for
instance, for automated terrain surveillance. In designs nowadays found 1n

practice for electronic surveillance of premises or buildings, in most cases one

~ or more cameras are used to establish the presence of an intruder. An

attendant drawback 1s that often so-called false alarms are generated, that 1s,

alarm signaling events caused by objects that are not of interest (for instance

birds), or by noise. Accordingly, often a human operator i1s needed who

“interprets the sensor information and who decides whether an intruder is

entering the terrain under surveillance. With an apparatus or method
according to the invention, the number of false alarms 1s reduced because
information coming from both a radar system and a camera is combined.
Thus, surveillance can be dealt with in a completely automated fashion.
Further, it 1s possible with a computer program according to the
invention to render a programmable device, such as, for instance, a computer
or the like, suitable for carrying out a method according to the invention or to
arrange it as a signal processor according to the invention. A corﬁputer
program according to the invention comprises a program code for performing

one or more steps of a method according to the invention, when the program
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has been loaded into the programmable device. Self-evidently, the
programmable device should be communicatively connectible to a radar
device and an optical sensor device 1n order to receive the first and the second
signal. The computer program may be loaded on a data carrier provided with
data representing the computer program.

It 1s noted that the invention 1s not limited to the above-described
examples. After reading the foregoing, different variants will be obvious to
those skilled in the art. In particular, it 1s obvious to design a detection
system according to the invention with several optical sensors and/or several
radar devices. Also, it 1s obvious to combine a detection system according to
the invention with other sensors, such as, for instance, vibration or motion
sensors or acoustic sensors, such as a directional microphone. Further, 1t 1s
obvious to design the signal processor to be physically present at different
places while functionally forming one whole. For instance, the detection of

objects from the signals can be (partly) performed near the optical sensor or

“the camera, while comparison of features of the detected objects can be

performed remotely, for instance by a central computer. Furthermore, 1t 1s
obvious to use in the radar device a so-called lidar (light detection and
ranging) device. Also, the radar device may be designed differently, for
instance comprising, instead of a dish antenna, a flat antenna, also called
patch antenna. Furthermore, it is noted that the term '‘comprising' does not

preclude the presence of other elements besides the elements mentioned.
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CLAIMS

1. A detection system (1), comprising:

an optical sens"o:i:{ '(3);

a radar device. (2) and

a signal processor (4) communicatively connected with the optical sensox
and the radar device, the signal processor comprising:

a first detector (41, 410-413) for detecting a first object on the basis of a first
signal coming from the optical sensor and determining at least one first
property of the first object;

a second detector (42, 420-421) for detecting a second object on the basis of a
second signal coming from the radar device and determining at least one

second property of that second object, and

-~ a signaling unit (43) f‘or.producing‘ a signal if the at least one first property |

and the at least one second property satisfy a predetermined condition.

2. A detection system (1) according to claim 1, wherein signaling means
produce a signal if the first object and the second object correspond to each

other to a sufficient extent.

3. A detection system (1) according to claim 1 or 2, wherein the signal
processor (4) comprises:

first distance determining means for determining from the first signal a first
distance between the first object and the optical sensor;

second distance determining means for determining from the second signal
a second distance between the second object and the radar device, and

the signaling means are arranged to produce a signal if the difference

between the first and second distances satisfies a predetermined condition.
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4. A detection system (1) according to claim 3, wherein the signal
processor (4) comprises:

angle calculating means (411, 412) for determining from the first signal the
distance from the first object to the optical sensor (3) with the aid of an
elevation angle and an azimuth angle of the detected object relative to the

optical sensor (3).

5. A detection system (1) according to claim 3 or 4, wherein the signal
processor (4) further comprises:

distance signaling means for producing a distance signal if the first and
second distances correspond to each other to at least a predetermir}ed
extent, which distance signal represents the distance determined from the

second signal.

6. A detection system (1) according to any one of the preceding claims,

wherein signal processor (4) comprises:

means fér producing . a sign"al if the first object and the second object
correspond to each other to at least a predetermined extent, and the second
object, on the basis of information derived from the second signal, 1s situated

on the surface of the earth.

7. A detection system (1) according to any one of the preceding claims,
wherein

the optical sensor (3) has an optical field of regard and

the radar device (2) has a radar field of regard, which fields of regard’
overlap each other wholly or partly.

8. A detection system (1) according to claim 7, wherein the viewing
direction of the optical sensor (3) and the viewing direction of the radar

device (2) are substantially parallel.
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9. A detection system (1) according to any one of the preceding claims,

wherein the optical sensor (3) and the radar device (2) are arranged 1n

mutual proximity.

10. A detection system (1) according to claim 9, wherein the radar device
(2) comprises a dish antenna (22) with a feedhorn (21), and the optical

sensor (3) 1s mounted on or near the feedhorn.

11. A detection system (1) according to any one of the preceding claims,
wherein the optical sensor (3) and the radar device (2) are pivqtably
arranged and wherein driving means are provided for causing the optical
sensor and the radar device to pivot or rotate.

12. A detection system (1) according to any ohé of the preceding claims, -
wherein in the signal path between the optical sensor (3) and the signal

processor (4) and in the signal path between the radar device (2) and the

signal processor, substantially the same time delay 1s present.

13. A detection system (1) according to any one of the preceding claims,

wherein the optical sensor comprises a camera (3).

14. A method for detecting objects, comprising:

generat{ng (100) a sensor signall with an optical sensor, |

detecting (101) a first object on the basis of the sensor signal,

generating (200) a radar signal, |

detecting (201) a second object on the basis of the radar signal,

producing (300) a detection signal if both on the basis of the sensor signal

and on the basis of the radar signal the same object 1s detected.



CA 02520091 2005-09-21

WO 2004/086083 PCT/NL2004/000203

10

15

20

25

30

15

15. A method according to claim 14, wherein producing (300) a detection
signal comprises:
producing a detection signal if the first object and the second object

correspond to each other at least to a predetermined extent.

16. A method according to claim 14 or 15, wherein detecting (101) a first
object comprises: .
determining from the first signal a distance between the first object and the
optical sensor;

and wherein detecting (201) a second object comprises:

determining from the second signal a distance between the second object
and the radar device, and

wherein producing (300) a detection signal comprises:

producing a distance signal if the difference between the two distances

satisfies a predetermined condition.

17. A method according to claim 16, wherein determining from the first
signal a distance between the first object and the optical sensor comprises:

determining from the first signal the distance from the first object to the

optical sensor (3) with the aid of an elevation angle and an azimuth angle of

the detected object relative to the optical sensor (3).

18. A method according to claim 16 or 17, wherein producing (300) a
detection signal comprises:

producing a distance signal if the two distances correspond to each other at
least to a predetermined extent, which distance signal represents the

distance determined from the second signal.

19. A method according to any one of claims 14-18, wherein producing

(300) a detection signal comprises:
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producing a detection signal if the first object and the second object

correspond to each other at least to a predetermined extent and the second
object, on the basis of information derived from the second signal, 1s situated

on the surface of the earth.

20. A method according to any one of claims 14-19, wherein
the optical sensor (3) has an optical field of regard and
the radar device (2) has a radar field of regard, which fields of regard

overlap each other wholly or largely.

21. A method according to claim 20, wherein the viewing direction of the

optical sensor (3) and the viewing direction of the radar device (2) are held

substantially parallel.

22. A method according to any one of claims 14-21, wherein the optical
sensor (3) and the radar device (2) are used whilst arranged in mutual

proximity.

23. A method according to claim 22, wherein the radar device (2) comprises
a dish antenna (22) with a feedhorn (21), and the optical sensor (3) 1s

arranged on or near the teedhorn.

24. A method according to any one of claims 14-23, wherein the optical

sensor (3) and the radar device (2) are pivoted.

25. A method according to any one of claims 14-24, wherein between
generating (100) a sensor signal and detecting (101) a first object, and
between generating (200) a radar signal and detecting (201) a second object,

the same period of time elapses.
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26. A method according to any one of claims 14-25, wherein an optical

sensor 1s used which comprises a camera (3).

27. A computer program comprising program code for performing one or

5  more steps of a method according to any one of claims 14-26 when the

program has been loaded into a programmable device.

28. A data carrier provided with data representing a computer program

according to claim 27.

10
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