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and arrangement for detecting objects. `' S 10  15 20 25 30 r 3 5 The
present invention relates to a method for detecting objects, such as human
beings, in a track area of a railway system, which track area is monitored
by at least one radar sensor which is. mounted in a fixed manner relative
to the track area and the surveillance area of which is limited at least
along parts of the track area by excluding combinations of distance and
angle which are not to be included in the surveillance area, information
supplied by the radar sensor being processed for detecting objects. The
invention also relates to an arrangement for detecting objects, such as
human beings, in a track area of a railway system, which arrangement
comprises a radar sensor having means for fixed mounting relative to the
track area and programmed to scan only combinations of distance .and angle
within the track area, a processor unit for processing image information
supplied by the radar sensor, a memory unit for storing images and an
indicator unit for indicating unauthorized objects. It has long been known
to use radar for surveillance in various contexts, as will be illustrated
by the following survey. A standard use of active radar is surveillance and
measurement within an area which is instantaneously limited in terms of
angle by ,the main lobe of the radar antenna. Within this area, measurement
is carried out of distance or radial velocity, using Doppler techniques, or
of both of these. The scanned area can be enlarged by the radar antenna
being turned or rotating so that the antenna lobe sequentially covers a
larger area. The turning can be mechanical or electric. The resolution cell
of the radar is nevertheless still determined by the size of the main lobe
in angular directions (in azimuth and elevation) and by the size   3 0 J U
N 2004 WO 01/53851 



PCT/SE01/00047 - 2  of the range gap and the Doppler gap, whichever is
applicable for the radar used. An exception is what are known as array
antennas with high resolution, where the angular resolution can under
certain conditions be made 5 finer than the standard main lobe. In the
standard uses, the surveillance primarily covered targets in the air
(aircraft) and targets at sea (vessels), often at considerable distances.
In this context, reference is made to Skolnik, Introduction to 1a Radar
Systems, 2nd ed., McGraw-Hill 1980, ISBN 0-07057909-l, 0-07'066572-9
(paperback). There are modern applications where "radar surveillance" is
performed over shorter. distances. Examples, and examples of references,
are: 1.5 - Automotive radar, for example for cruise control. Ref.
Eriksson/~s, Automotive radar for adaptive cruise control and collision
warning/avoidance, Proc. IEE International Radar Conference Radar 97 pp.
16-20, Edinburgh 14-16 Oct. 1997. 20 - Ground surveillance at airports.
Ref. Ferri/Galati et al, Design and field evaluation of a millimetre-wave
surface movement radar, Proc. IEE International Radar Conference Radar 97
pp. 6-10, Edinburgh 14-16 Oct. 1997. 25 - Surveillance of roads and
junctions, traffic counting. Ref. US patent 5,339,081, Jefferis et al, Aug.
16, 1994, Vehicle detection systems. - Surveillance of road/railway level
crossings. 3o Ref . US patent 5, 774, 045, Helma et al, Jun. 30, 1998,
Arrangement for detecting objects in a region to be monitored. Ref. WO
93/15416, Gustavsson, A device for supervising an area. 35 In these
contexts, the radar searches for objects or articles of the car or traffic
obstacle type. The ranges are of the order of tens of metres to several
hundred metres, but greater in the case of airport surveillance.   WO
01I53851 - 3  



3 0 JUN 2004 PCT/SE01/00047 Another application of radar, which is
mentionedhere only on account of the name, is radar whichattempts to look
down through the ground (GPR, GroundPenetrating Radar). One application is,
for example, to5establish by radar whether walls in old (railway)tunnels
are in need of repair. In this context,reference is made to D. J. Daniels,
Surface-penetratingradar, IEE 1996, ISBN 0-85296-862-0, section
7.6.1,"Tunnels". Buried pipelines and power cables are ofteniosearched for
(for repair) as are, in military contexts,-._mines. This is frequently
referred to as "undergroundradar" but has nothing to do with "underground"
in thesense of "subway" or "metro".A major safety problem associated with
trackbound1straffic and in particular with railway systems withtunnels is
frequent unauthorized access to the tracks,either people/objects
jumping/falling/being thrown downonto the tracks from the platforms, or
people from theplatforms going into the tunnels. Every year, a number20of
people are run over as a result of this. Studieshave highlighted the
difficulties of limiting access tothe tracks in a reasonable manner which
does notrestrict the traffic capacity. For example, movablewalls in front
of the platforms are not desirable2sbecause they increase the minimum time
interval betweentrains in rush-hour traffic. Detector systems, withsensors
which detect people and obstacles on thetracks, are to be preferred then.
However, electro-optical sensors, for example personnel detectors based30on
lasers, have a very limited range of the order of10-15 metres. To cover
platforms which may be 180-200metres long, a great many sensors are
therefore`required, which is both impractical and expensive asfax as both
installation and operation are concerned.35The object of the present
invention is to producea method and an arrangement for detecting objects in
atrack area which do not have the disadvantages of knownelectro-optical
sensors, which make it possible to useradar and which can be used
effectively in railway   3 0 JUN 200 WO 01/53851 PCT/SE01/00047 - 4
systems for detecting both people and other objects. The object of the
invention is achieved by a method characterized in that the detection is
performed in connection with underground stations, and in that the 5
surveillance area is adapted to the tunnel walls of the underground
stations. The object of the invention is likewise achieved by an
arrangement characterized in that the radar sensor of the a. arrangement is
programmed to form a surveillance area. adapted to the tunnel walls to in
an associated underground station in which the arrangement is mounted. By
using two or possibly three radar sensors, the track area along platform
lengths as mentioned above can be effectively monitored. The invention
makes it possible for people on the track to 1s be detected effectively,
and many human lives can thus be saved at the same time as the burden of
the train drivers can be relieved. In order to prevent the alarm being
raised on account of people on the platform, the area which the 2o radar
sensor is to monitor is therefore restricted to the track area by detecting
only objects associated with combinations of distance and angle lying
within the track area. The area within which the radar is to raise the
alarm is therefore only a fraction of the 25 area scanned, which is in
general a sector. Moreover, many stations within an underground railway lie
on a curve and have curved tracks and curved platforms. Fine angular
resolution in combination with fine range resolution make it possible for
the radar to restrict 3o the searching area to the track itself and to
ignore the platform. Note that the searching area is not a sector, and does
not even have to be limited by straight lines. Instead, limitation in terms
of angle is distance-dependent. 35 An advantageous method according to the
invention is characterized in that a number of successive radar images of
the monitored area delivered via the radar sensor are ,low-pass filtered to
produce a static image of a11 the stationary objects within the monitored
3 0 JUN 200e 



' WO 01/53851 - 5  PCT/SE01/00047 area, in that an archive image is
generated via theradar sensor on occasions when the monitored area
istraffic-free, and in that the static image is comparedwith the archive
image to eliminate static clutter and5to detect any new stationary objects.
By low-passfiltering a number of successive radar images of themonitored
area, an image of a11 the stationary objectswithin the area (static image)
is obtained. A"stationary object" is one which has been located in1othe
same place for, for example, more than 1 minute . Awalking person will
therefore not be included. 0n theother hand, a person lying unconscious on
the trackwill be included in the static image. The .coordinatesin the image
are angle and distance.15In particular, a static image can be produced
onoccasions when there is no traffic. Such an imagecontains a11 the radar
echoes from walls, ceiling,platforms etc, but not from trains, people etc.
Thisimage can be referred to as an "archive image". The2oarchive image is
updated at regular intervals, forexample once every day, or at another
suitable time. Bycomparing the static image with the archive image,
thestatic clutter can be eliminated.According to another advantageous
method, a25dynamic image of the monitored area is advantageouslyproduced by
eliminating stationary objects in imagesdelivered via the radar sensor for
the purpose ofdetecting moving objects. By signal processing of the-
-"high-pass filtering" type, in which Doppler3oinformation is also
included, a11 the moving targets,for example walking people, within the
monitored areaare brought out. This has certain similarities withwhat is
known as MTI filtering in ordinary radar (seethe Skolnik reference above)
and considerably increases35sensitivity in the detection of moving targets.
The useof a dynamic image for detecting people walking intunnels is novel.
The static clutter has disappearedcompletely in the dynamic image. By means
of thedynamic image, it is possible to determine the position   3 0 JUN
2004 ' WO 01/53851 PCT/SE01/00047 - 6  in terms of angle and distance of
the moving targets. The handling of static and dynamic images is discussed
in greater detail in the reference D. Lehnberg, Presentation Signal
Processing for an 5 Alternative Application of an Automotive Radar Sensor,
IR-SB-EX-9922, Sept. 1999, Signal Processing, Dept of Signals, Sensors &
Systems, Royal Inst, of Technology, S-100 44 Stockholm. In order to raise
the alarm, information about new to objects in the track area can be
supplied to an ordinary safety and signal system, and any trackbound
vehicles situated in or in the vicinity of the monitored track area can
advantageously be stopped automatically in the event of new objects being
15 detected. In this way, those responsible for safety, such as drivers and
those responsible centrally for surveillance, can easily assimilate the
relevant information, and collisions with objects can be prevented. 2o
According to a suitable method, the track area is defined by the area which
is temporarily masked by an arriving or departing train. An underground
train will instantaneously produce a very strong echo in the radar. With
the radar, it is easy to identify when a 25 train is pulling into or out of
the station. It is then possible to define the area within which the alarm
is to be raised as - the track - the area which is temporarily masked by a
train. This calculation needs to be performed only once per sensor. 3o The
invention is especially suitable for use in underground railway systems.
Here, underground railway tUnderground, subway, U/S-Bahn, Metro etc.) means
a trackbound system, at least in part underground, for transporting people
and sometimes also goods. 3s When the invention is used for detecting
people and other obstacles on the tracks in an underground railway, or
another railway in a tunnel, particular requirements are made of the radar.
The technical difference with regard to said   



3 Q JUN Q001 ' WO 01/5385I PCT/SE01/00047 - 7  previous applications is
that the radar clutter,. in this context undesirable radar reflections from
tunnel walls, ceiling etc., is so great in relation to the case of
applications in free space that special methods i s have to be used. The
following requirements are made of the radar: Y - fine range resolution -
Doppler resolution - fine angular resolution by means of a small main 10
lobe and high frequency, preferably frequencies -v-= corresponding to
millimetre wavelength - the radar is to provide images, intensity and
Doppler information as a function of angle and distance of the scanned area
with sufficiently great updating _. 15 frequency. In order to satisfy the
requirements made of the radar as mentioned above, the arrangement for
detecting objects advantageously comprises a radar sensor provided with a
moving Cassegrain antenna. 2o The invention will be described in greater
detail below in exemplified form with reference to appended drawings, in
which: Figure la shows diagrammatically a vertical section through a tunnel
with a platform and a track 25 area; . Figure lb shows diagrammatically a
horizontal section through the tunnel according to Figure la; Figure 2
shows diagrammatically the arrangement for detecting objects; so Figure 3a
shows an example of a static image obtained; Figure 3b shows the result of
a comparison of the ' static image according to Figure 3a with an archive
image; s5 Figure 4a shows diagrammatically in horizontal section a first
example of an installation in a tunnel with a curved track, and Figure 4b
shows diagrammatically in horizontal section a second example of an
installation in a tunnel   3 0 JUN 2004 ' WO 01/53851 PCT/SE01/00047 



g _ with a curved track. The tunnel 1 shown in Figures la and 1b
accommodates a track area 2 with a straight track 3. Alongside the track 3,
there is a platform 5. A train, s for example an underground train, has
been designated by 6 in Figure la, while the train is not shown in Figure
lb. A detection arrangement 7 is mounted at one end of the platform 5 and
preferably on a tunnel wall opposite the platform. The possible scanning
area of io the detection arrangement has been marked by the lines 4, 4'
which form an angle a in relation to one another. Archive images, static
images and dynamic images are recorded by means of the detection
arrangement 7 shown diagrammatically in Figure 2 in a manner which z5 will
be described 'in greater detail further on in the description. The
detection arrangement 7 comprises a radar sensor 8, a processor unit 9, a
memory unit 1Q and an indicator unit 11. The radar sensor 8 has means 12
for fixed mounting in the tunnel 1, for example on a 2o tunnel wall. The
processor unit 9 and the memory unit 10 can form part of the radar sensor
8, while the indicator unit 11 is advantageously located elsewhere. The
indicator unit can consist of any means suitable for supplying appropriate
information. Optical 2s indication, for example some form of lamp or
display, as well as acoustic indication or combinations thereof are some
possible alternatives. The indicator unit can advantageously be connected
to or form part of an ordinary safety and signal system. 3o By low-pass
filtering a number of successive radar images of the monitored area picked
up by the radar sensor, which area has in a simple embodiment in Figure lb
been marked as a sector 13 with an angle a., a static image of a11 the
stationary objects within the sector 35 13 is obtained. Low-pass filtering
can be performed in the processor unit 9. The static image is compared with
an archive image. The archive image is obtained by taking an image on
occasions when there is no traffic by means of the   3 0 JUN 2004 WO
01/53851 _ g PCT/SE01/00047 radar sensor and staring the image in the
memory unit 10. The difference between an archive image and a static image
indicates in principle new stationary objects.sFigure 3a shows an example
of a static imageobtained in the Stockholm underground railway by meansof a
detection arrangement according to the inventionand presented on a decibel
scale with coordinates forangle and distance. In the image, strong
radartoreflections 14, 15, 16 from the left tunnel wall, the--platform and,
respectively, the right tunnel wall canbe seen. By comparing this static
image with an archiveimage, the majority of the reflections are
.eliminated,as can be seen from the image in Figure 3b presented on1sa
linear scale with coordinates for angle and distance.In principle, a weak
radar echo 17 remains. In thisexample, it is a person located on the track
withoutmoving.In order to detect moving objects, for example2owalking
people, signal processing of the "high-passfiltering" type is also
introduced, in which Dopplerinformation is also included. A dynamic image
isobtained, and the position in terms of angle anddistance of the moving
targets can be determined.25In order to prevent the detection
arrangementreacting to people moving on the platform, the scanningarea of
the radar sensor i~ restricted to the trackarea itself. This is effected by
programming thedetection arrangement with information relating to
the3ocombinations of distances and angles' to be included inthe scanning
area. By using a radar sensor with theperformance indicated above, the
scanning area can belimited so as to follow the track area very
precisely,and there is thus no risk of false alarms originating35from
people moving on the platform.With reference to Figures 4a and 4b, two
examplesof installations in the case of curved platforms
arediscussed.Figure 4a shows an essentially convex curvature of 



WO 01/53851 - 10  3 0. JUN 2004 PCT/SE01/00047 the edge of the platform 5
where it 'meets the track area 2 and the associated curvature of the track
area 2. A first detection arrangement 7 with a radar sensor 8 and a second
detection arrangemen 7' are mounted on 5 a tunnel wall opposite the
platform S. The angle cc marks a sector which it is possible for the first
detection arrangement to scan. The scanning area is limited to the track
area by virtue of only combinations of angles and distances within the
track 1o area being included in the scanning. This means that, for the
distance dl, signal values which originate from angles smaller than a.l are
excluded. In the same way, for the distance d2, signal values which
originate from angles smaller than a.2 are excluded. Corresponding i5
exclusion applies for all the angles within the sector. Figure 4b shows an
installation with two radar sensors 19, 20 on a platform 5 which is
essentially concave where it meets the track area 2. The radar sensor 19
can scan an angle a3, while the radar sensor 20 20 can scan an angle a9. In
the same way as in the example according to Figure 4a, signal values which
originate from the platform area are excluded. In order to identify the
track area 2, measurements can be carried out on an arriving or 25
departing train 6, see Figure la. The strong echo which. the train produces
instantaneously coincides in principle with the track area which is to be
monitored, and the surveillance area for objects in motion can thus be
defined easily. 3o An example of a radar system which meets the
requirements of being suitable for track access surveillance is an
automotive radar system developed by the applicant. In this context,
reference is made to Eriksson/~s as mentioned above. 35 The "automotive
radar" is a radar sensor which is used in order to make driving a car more
convenient and/or safer. The first applications are within the area of ACC,
Adaptive Cruise Control. The next stage is what is known as CW/A, Collision
Warning/Avoidance. The   3 0 J U N 200 WO 01/53851 PCTlSE01/00047 - 11
radar sensor continuously monitors an area in front of the vehicle in order
to detect obstacles, for example slow vehicles in the same lane. For
automotive radar, use is made of the frequency 5 band 76-77 GHz (wavelength
4 mm), which has much in common technically with the usual millimetre
waveband around 94 GHz. The automotive radar has an instrumented range of
roughly 200 metres. The construction has a moving Cassegrain antenna which
gives very good angular 



to precision within the scanned area. Such an advanced antenna is the key
to the great potential of the construction and affords the possibility of
alternative uses outside the field of automotive radar.~Trials have shown
that the automotive radar as mentioned above can 15 detect walkin g
pedestrians, on a road, at a distance of at least 180 metres. Some
technical data for CelSluSTeCh~s at-nmnfiiva radar: - Radar 2o Frequency
76-77 GHz Output power 10 mW Modulation FMCW - Performance Range 1-200 m 25
Speed range up to 100 m/s (360 km/h) Angular coverage side 8.5 Refresh
cycle 10 Hz Range gap < 1 m --- Lobe width azimuth roughly 25 mrad (1.5) 30
Angular precision in relation to point target roughly 0.1 The invention is
not limited to the exemplary  embodiments described above but can be
modified within the scope of the patent claims below and the inventive 35
idea. For example, only exemplary embodiments with one track in the track
area have been shown. However, there is nothing to prevent a number of
tracks being monitored using the same equipment.   3 0 JUN 2004 12 Patent
Claims 1. Method for detecting objects, such as human beings, in a track
area of a railway system, which 5 track area is monitored by at least one
radar sensor which is mounted in a fixed manner relative to the track area
and the surveillance area of which is limited at least along parts of the
track area by excluding combinations of distance and angle which are 1o not
to be included in the surveillance area, information supplied by the radar
sensor being processed for detecting objects, characterized in that the
detection is performed in connection with underground stations, in that the
surveillance area is 



15 adapted to the tunnel walls of the underground stations I and the finish
of the track area towards the platform of the underground station, in that
comprised radar sensors identify when a train is pulling into or out of the
underground station and in that the radar sensors 20 are FMCW radars
working within the millimetre wavelength range. 2. Method according to
Patent Claim 1, characterized in that a number of successive radar images
of the monitored area delivered via the radar sensor are low 25 pass
filtered to produce a static image of all the stationary objects within the
monitored area, in that an archive image is generated via the radar sensor
on occasions when the monitored area is traffic-free, and in that the
static image is compared with the archive 3o image to eliminate static
clutter and to detect any new stationary objects. 3. Method according to
either of the preceding patent claims, characterized in that a dynamic
image of the monitored area is produced by eliminating stationary 35
objects in images delivered via the radar sensor for the purpose of
detecting moving objects. 4. Method according to Patent Claim 3,
characterized in that the position in terms of angle and distance is
determined for objects detected in the dynamic image. 4o 5. Method
according to any one of the preceding   3 0 J U N 2004 . 13 patent claims,
characterized in that the track area is defined by the area which is
temporarily masked by an arriving or departing train. 6. Method according
to any one of the preceding 5 patent claims, characterized in that
information about new objects in the track area is supplied to an ordinary
safety and signal system. 7. Method according to any one of the preceding
patent claims, characterized in that any trackbound 1o vehicles situated in
or in the vicinity of the monitored track area are stopped automatically in
the event of new objects being detected. 8. Arrangement for detecting
objects, such as human beings, in a track area of a railway system, which
15 arrangement comprises a radar sensor having means for fixed mounting
relative to the track area and programmed to scan only combinations of
distance and angle within the track area, a processor unit for processing
image information supplied by the radar 2o sensor, a memory unit for
storing images and an indicator unit for indicating unauthorized objects,
characterized in that the radar sensor of the arrangement is a FCMVJ radar
working within the millimetre wavelength range and is programmed as to 25
combinations of distance and angle to form a surveillance area adapted to
the tunnel walls in an associated underground station and the finish of the
track area towards the platform of the underground station in which the
arrangement is mounted. 



30 9. Arrangement according to Patent Claim 8, characterized in that the
radar sensor is provided with a moving Cassegrain antenna. 10. Arrangement
according to either of the preceding Patent Claims 8 and 9, characterized
in that the 35 indicator unit is connected to or forms part of a safety and
signal system, in which way any trackbound vehicles situated in or in the
vicinity of the monitored track area can be stopped automatically in the
event of new objects being detected. .A.A %.A(
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