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(54) A local area GNSS tracking system and method

(57) The present invention relates to a local area
tracking system comprising:
- a plurality of tracking devices (4,4’), each one compris-
ing a tracking device receiver (7) for receiving beacon
signals and generating in response a signal indicating
the position of said tracking device, and an interface (8)
for transmitting at least an identifier signal and said po-
sition signal; and
- a base station (5) comprising means for receiving said
identifier and position signals and calculating the relative
positions of the tracking devices (4,4’); characterized in
that said tracking device receiver is a GNSS receiver,
that at least one of said tracking devices (4,4’) is a refer-
ence (4’), and that said base station (5) also comprises
means for calculating the relative position of at least an-
other one of said tracking devices relative to a point, line,
area, and/or space (3,3a,3b,3c,3d,3e,15,15a,15b,17)
having a fixed predefined position and/or orientation rel-
ative to said reference tracking device (4’).

Further, the present invention relates to a local area
tracking method comprising the steps of:
- providing a plurality of tracking devices (4,4’), each com-
prising a tracking device receiver for receiving beacon
signals and generating in response a signal indicating
the position of said tracking device (4,4’), and an interface
(8) for transmitting at least an identifier signal and said
position signal;
- transmitting the position and identifier signals of said
plurality of tracking devices (4,4’) to a base station (5);
- calculating the relative positions of said tracking devices
(4,4’);

characterized in that the tracking device receiver is
a GNSS receiver and that the method further comprises
the steps of:
- defining a fixed position and/or orientation of at least

one point, line, area, and/or space relative (3,3a,3b,3c,
3d,3e,15,15a,15b,17) to at least one of said plurality of
tracking devices (4,4’) which is a reference (4’); and
- calculating the position of at least another one of said
tracking devices (4,4’) relative to said at least one point,
line, area, and/or space.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a local area
GNSS tracking system and method, and particularly to
a sports tracking system and method.

BACKGROUND OF THE INVENTION

[0002] In sports competitions as well as training it is
highly important to follow the positions of the players
and/or game elements such as balls, pucks, spears, etc.
This task often overwhelms the human eye, in particular
in high-level competitions, raising the danger of wrong
refereeing decisions.
[0003] For this reason, technical means have been
proposed to assist refereeing by tracking the players
and/or game elements.
[0004] GB2402825 for example proposes using Global
Positioning System (GPS) tracking devices for this pur-
pose: GPS locator devices each associated with a re-
spective competitor have wireless connection with a cen-
tral processor that processes location data sets and gen-
erate a log of relative location data of each competitor
within the event.
[0005] A main problem however is that current tracking
systems based on GPS cannot fulfill tracking speed and
accuracy requirements and can only be used outdoor.
[0006] Another problem with current tracking systems
based on GPS is that, while it provides the relative posi-
tions of the players, this information alone is insufficient
to determine game occurrences related to the position
of players and/or equipment with respect also to features
of the sport field, track or arena such as areas, bounda-
ries, goals, etc. For instance, for the offside rule in asso-
ciation football, it is necessary to determine not only the
positions of the players and the ball relative to each other,
but also within the field.
[0007] Still another problem is that current tracking
systems based on GPS do not offer 3D-tracking such
that for example balls, toy airplanes etc. are tracked only
in the horizontal plain of the playing field but not in vertical
direction.
[0008] In an attempt to solve the above problem, Stelz-
er et al. (Proc. SPIE, Vol. 5048, 136 (2003)) describe a
novel local position measurement (LPM) technology op-
erating in the 5GHz ISM band, and consisting of light-
weight transponders of which the 3-D position is meas-
ured and base stations located around the playing field.
The collected data are processed and converted real-
time into computer animations of the playing field and
the athletes. The system can be installed indoors as well
as outdoors.
[0009] These RF-based systems have a major draw-
back that, in order to cover the whole playing field, a
considerable number of base stations have to be installed
near the playing field generating a radiation grid, which

makes such system immobile. If one desires to monitor
a plurality of teams, one is forced either to install such
system on a plurality of playing fields, resulting in exces-
sive costs, either to schedule games and/or training ses-
sions such that the playing field equipped with such sys-
tem is available for the team to be monitored resulting in
inefficient use of playing fields and rigid scheduling.
[0010] Further, such system cannot be used for large-
area or mobile activities such as for example golf where
the locations of competitors and ball can vary over a large
area, possibly even outside the actual golf course.
[0011] Another drawback of RF- based systems that
they are very sensitive to reflections by walls, floors, ceil-
ings, such that dedicated provisions have to be made for
decreasing the influence of such reflections.
[0012] Therefore, it is an object of the present invention
to provide a local area tracking system and method re-
quiring a limited number of hardware, in particularly a
limited number of base stations, such that equipping a
plurality of playing fields does not automatically result in
excessive costs, while sufficient tracking speed and ac-
curacy is kept assured.
[0013] Another object of the present invention is to pro-
vide a local area tracking system and method that is also
applicable for large-area activities and even for mobile
activities.
[0014] Further, it is an object of the present invention
to provide a local area tracking system and method less
suffering from reflections and suitable for indoor applica-
tions.
[0015] Still another object of a local area tracking sys-
tem and method in accordance with the present invention
is to provide the possibility to locate the position of the
players and game elements relative to each other and
relative to the playing field, preferably in 3D.
[0016] The present invention meets the above objects
by using tracking devices comprising a tracking device
receiver for receiving Global Navigation Satellite Sys-
tems (GNSS) signals, by using at least one of said track-
ing devices as a reference, and by using a base station
comprising means for calculating the relative position of
another tracking device relative to at least one point, line,
area, and/or space having a predetermined position
and/or orientation fixed relative to said reference tracking
device.

SUMMARY OF THE INVENTION

[0017] The present invention is directed to a local area
tracking system comprising:

- a plurality of tracking devices (4,4’), each one com-
prising a tracking device receiver (7) for receiving
beacon signals and generating in response a signal
indicating the position of said tracking device, and
an interface (8) for transmitting at least an identifier
signal and said position signal; and

- a base station (5) comprising means for receiving
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said identifier and position signals and calculating
the relative positions of the tracking devices (4,4’);

characterized in that said tracking device receiver is a
GNSS receiver, that at least one of said tracking devices
(4,4’) is a reference (4’), and that said base station (5)
also comprises means for calculating the relative position
of at least another one of said tracking devices relative
to a point, line, area, and/or space (3,3a,3b,3c,3d,3e,
15,15a,15b,17) having a fixed predefined position and/or
orientation relative to said reference tracking device (4’).
[0018] Further, the present invention is directed to a
local area tracking method comprising the steps of:

- providing a plurality of tracking devices (4,4’), each
comprising a tracking device receiver for receiving
beacon signals and generating in response a signal
indicating the position of said tracking device (4,4’),
and an interface (8) for transmitting at least an iden-
tifier signal and said position signal;

- transmitting the position and identifier signals of said
plurality of tracking devices (4,4’) to a base station
(5);

- calculating the relative positions of said tracking de-
vices (4,4’);

[0019] characterized in that the tracking device receiv-
er is a GNSS receiver and that the method further com-
prises the steps of:

- defining a fixed position and/or orientation of at least
one point, line, area, and/or space relative (3,3a,3b,
3c,3d,3e,15,15a,15b,17) to at least one of said plu-
rality of tracking devices (4,4’) which is a reference
(4’); and

- calculating the position of at least another one of said
tracking devices (4,4’) relative to said at least one
point, line, area, and/or space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG 1 schematically illustrates an association foot-
ball field, players and ball equipped with a tracking
system according to the present invention.

FIG 2 illustrates a player and a ball equipped with a
tracking device of a tracking system according to the
present invention.

FIG 3 schematically illustrates a logistics system
equipped with a tracking system according to the
present invention;

FIG 4 schematically illustrated a wide area tracking
system according to the present invention for track-
ing vehicles

FIG 5 schematically illustrates an outpatient tracking
system according to the present invention.

DESCRIPTION OF THE INVENTION

[0021] The present invention is by no means limited to
sports applications. It can be used for tracking humans,
animals and/or objects within any kind of predefined
space, such as an amusement park, a city, a path, an
industrial installation, or even globally, on shore or off
shore, etc.
[0022] In a first embodiment in accordance with the
present invention a local area tracking system is provided
comprising:

- a plurality of tracking devices (4,4’), each one com-
prising a tracking device receiver (7) for receiving
beacon signals and generating in response a signal
indicating the position of said tracking device, and
an interface (8) for transmitting at least an identifier
signal and said position signal; and

- a base station (5) comprising means for receiving
said identifier and position signals and calculating
the relative positions of the tracking devices (4,4’);

characterized in that said tracking device receiver is a
GNSS receiver, that at least one of said tracking devices
(4,4’) is a reference (4’), and that said base station (5)
also comprises means for calculating the relative position
of at least another one of said tracking devices relative
to a point, line, area, and/or space (3,3a,3b,3c,3d,3e,
15,15a,15b,17) having a fixed predefined position and/or
orientation relative to said reference tracking device (4’).
[0023] A main advantage of the above system is that
only a limited number of hardware, in particularly a limited
number of base stations, in principle only one, is required,
such that equipping a plurality of local areas (e.g. playing
fields, parking levels) does not automatically result in ex-
cessive costs, while sufficient tracking speed and accu-
racy is kept assured. Because position is determined
based on a GNSS system and not by covering a local
area by means of a radiation grid, base stations providing
such grid are not required.
[0024] Further, by using at least one of the tracking
devices as a reference at a fixed predefined position
and/or orientation relative to a point, line, area, and/or
space, the position of at least one other tracking device
relative to said point, line, area, and/or space, preferably
of each tracking device, can be determined while still
using cost-efficient GNSS beacons.
[0025] Further as a consequence of the fact that posi-
tion is determined based on a GNSS system and not by
covering a local area by means of a radiation grid, the
system is also applicable for large-area activities, even
for mobile activities and for activities where it is almost
impossible to generate a radiation grid, for example a
boat racing circuit. The tracking devices are obviously
carried by amongst others mobile persons, animals, ve-
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hicles, boats, or game elements, the base station may
be made portable and easy movable, and the at least
one reference tracking device having a fixed predefined
position and/or orientation relative to a point, line, area,
and/or space may be linked easily to another point, line,
area, and/or space (e.g. the subsequent hole on a golf
course). By simply redefining that at least one point, line,
area and/or space and/or its position and/or orientation,
the tracking system can even be adapted to a different
sport or even an entirely different application.
[0026] In the context of the present invention, GNSS
may be including every satellite navigation system avail-
able, such as GPS, GLONASS, Galileo, Compass, aug-
mentation systems, etc.
[0027] Further, all satellite frequencies used in all kinds
of GNNS systems may be used in the present invention,
preferably GPS L1 and GPS L2 frequencies. By combin-
ing L1 and L2, positions may be determined in 3D, i.e.
not only in the plane of the local area but also in vertical
direction.
[0028] In an embodiment in accordance with the
present invention, the local area tracking device may
comprise a GNSS re-radiator, preferably a GPS re-radi-
ator and even more preferably a DUAL GPS re-radiator
for L1 and L2. GNSS re-radiators are devices which op-
erate by obtaining signals from GNSS satellites, using
an antenna located outdoors, and re-transmitting them
to a closed indoor environment, such as (semi)-closed
stadiums, concert halls, concrete buildings, underground
parking lots, etc. The re-radiating equipment consists of
GNSS antennas of high sensitivity, signal amplifying
units and a GNSS receiver to accept the incoming am-
plified signals.
[0029] By using such re-radiator, the local area track-
ing system may be used indoor, while less suffering from
reflections compared to RF- based tracking systems.
[0030] Further, the sensitivity of the tracking devices
may be increased significantly by adapting an LNA am-
plifier on the chip. This may result in GNSS signal receipt
within semi-indoor stadiums, indoor stadiums, inside
buildings, even without re-radiator.
[0031] In accordance with the present invention, the
local area tracking system may comprise synchronizing
means for accurately synchronizing the clocks of the
tracking devices and base station with the atomic clocks
of the GNSS satellites.
[0032] Advantageously, the interface of at least one of
the tracking devices comprises a wireless transmitter.
This will provide freedom of movement to the tracking
device.
[0033] Advantageously, the navigational receiver of at
least one of the tracking devices is also suitable for re-
ceiving pseudolite beacon L1 and L2 signals, so as to
correctly locate said at least one tracking device even
during satellite beacon signal reception interruptions.
[0034] Advantageously, at least one of said tracking
devices comprises at least one sensor for monitoring at
least one additional parameter. This would provide ad-

ditional information that could be particularly useful in
combination with said relative positions.
[0035] The additional parameter may be a physical or
mechanical parameter such as for example kick force on
a ball. The sensor in the tracking device may be an ac-
celerometer, a gyroscope, a pressure sensor, etc.
[0036] In a particularly advantageous embodiment,
said at least one additional parameter comprises a phys-
iological parameter such as heart rate, blood pressure,
body temperature, blood sugar, etc. of a human or ani-
mal. Monitoring such physiological parameters can be
particularly useful for optimizing the effort in sport training
or competition, but also for tracking an outpatient. In a
particularly advantageous embodiment thereof, the in-
terface of said at least one tracking device is also suitable
for transmitting said physiological parameter, and the
tracking system also comprises means for alerting a
sports coach or medical personnel if said physiological
parameter rises above or sinks below a certain threshold.
[0037] Further, in another embodiment in accordance
with the present invention, a local area tracking method
is provided comprising the steps of:

- providing a plurality of tracking devices (4,4’), each
comprising a tracking device receiver for receiving
beacon signals and generating in response a signal
indicating the position of said tracking device (4,4’),
and an interface (8) for transmitting at least an iden-
tifier signal and said position signal;

- transmitting the position and identifier signals of said
plurality of tracking devices (4,4’) to a base station
(5);

- calculating the relative positions of said tracking de-
vices (4,4’);

[0038] characterized in that the tracking device receiv-
er is a GNSS receiver and that the method further com-
prises the steps of:

- defining a fixed position and/or orientation of at least
one point, line, area, and/or space relative (3,3a,3b,
3c,3d,3e,15,15a,15b,17) to at least one of said plu-
rality of tracking devices (4,4’) which is a reference
(4’); and

- calculating the position of at least another one of said
tracking devices (4,4’) relative to said at least one
point, line, area, and/or space.

[0039] The advantages as mentioned with respect to
a local area tracking system in accordance with the
present invention are also present with respect to the
above method.

EXAMPLE 1

[0040] Referring now to FIG 1, an embodiment of the
tracking system of the present invention is represented
which is applicable for tracking association football play-
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ers 1 and a ball 2 in an association football field 3 featuring
touch lines 3a, goal lines 3b, goals 3c, penalty areas 3d,
penalty kick spots 3e, etc. Each of the players 1 and the
ball carry a tracking device 4. The tracking system also
comprises a further tracking device 4’ as a reference to
be placed in a fixed position relative to the field 3 and a
base station 5 connected to recording means 6. Although
in this example the reference tracking device 4’ and the
base station 5 are separate, it would be possible to inte-
grate the reference tracking device 4’ in the base station
5. The recording means 6 could also be integrated in the
base station 5.
[0041] Turning now to FIG 2, each one of the tracking
devices 4 or 4’ comprises at least a global navigation
satellite system receiver 7 for receiving satellite beacon
signals and generating in response a signal indicating
the position of said tracking device 4 or 4’, and an inter-
face 8 for transmitting at least an identifier signal and
said position signal. In this example the GNSS receiver
7 is a GPS receiver, but any other GNSS such as GLO-
NASS or Galileo could be used instead or simultaneous-
ly.
[0042] To allow the players complete freedom of move-
ment, the interface 8 of this example comprises a wireless
transmitter 8a for transmitting said identifier and position
signals. In this particular embodiment, said wireless
transmitter 8a could be a transmitter for a wireless local
area network (WLAN), such as a WiFi transmitter, or a
transmitter for a shorter-range wireless personal area
network (WPAN), such as a Bluetooth or Zigbee trans-
mitter. However, for other applications where a longer,
eventually global range would be necessary, other types
of wireless transmitters could be considered, including
cellular telephony transmitters such as GSM, GPRS,
UMTS, 3G, Iridium or Thuraya transmitters.
[0043] Moreover, this tracking device 4 or 4’ also com-
prises a power supply 9, in this case embodied in a bat-
tery, although alternative forms of power supply could be
considered, such as generators for converting the play-
er’s movements and/or his body heat in electrical energy.
[0044] Turning back to FIG 1, the base station 5 is
equipped to receive said position signals, wirelessly in
this example, and calculate the relative positions of said
tracking devices 4 or 4’. This takes advantage of the basic
principle of "differential GPS" that GNSS receivers locat-
ed in close proximity generate position signals with nearly
identical errors, allowing their relative positions to be cal-
culated with a much higher accuracy.
[0045] In addition, the illustrated embodiment also
comprises two pseudolites 10 with known fixed positions
for transmitting beacon signals complementing those of
the global navigational satellite system, in particular dur-
ing periods of impaired reception of the satellite beacon
signals.
[0046] As further illustrated by FIG 2, a player 1 is de-
picted carrying a tracking device 4 with a main body 11
integrated into his shirt 12 and a sensor 13 for monitoring
physiological parameters, such as heart rate, blood pres-

sure, body temperature or blood glucose level. Although
in the illustrated example the sensor 13 is implanted into
the body of the player 1 and transmits those physiological
parameters wirelessly to the main body 11 of the tracking
device 4, alternative arrangements are possible in which
sensors are external to the body of the player 1 and/or
are connected through other means to the rest of the
tracking device 4 or even integrated therein.
[0047] The tracking device 4 is equipped to also trans-
mit those physiological parameters to the base station 5,
which comprises means for alerting a supervisor, such
as a sports coach or medical personnel, if said physio-
logical parameter rises above or sinks below a predeter-
mined threshold.
[0048] FIG 2 also depicts a ball 2 carrying a tracking
device 4 comprising a sensor for monitoring additional
parameters, such as force or acceleration and also
equipped for transmitting said additional parameters to
the base station 5. In other embodiments having different
applications, such as tracking competitors in motor-
sports, said additional parameters could comprise me-
chanical parameters such as fuel level, coolant temper-
ature, engine rpm, etc.
[0049] An example of a tracking method according to
the invention will now be illustrated with reference to Figs.
1 and 4.
[0050] As a first step a plurality of tracking devices 4,
4’ is provided, comprising at least one reference tracking
device 4’, and each one of them comprising a global nav-
igation satellite system receiver for receiving satellite
beacon signals and generating in response a signal in-
dicating the position of said tracking device 4, 4’, and an
interface for transmitting at least an identifier signal and
said position signal.
[0051] In the following step, the positions and orienta-
tions of the features of the field 3, such as touch lines 3a,
goal lines 3b, goals 3c, penalty areas 3d, penalty kick
spots 3e, etc. are defined relative to the reference track-
ing device 4’.
[0052] In the next step, the tracking devices 4,4’ start
generating position signals in response to the beacon
signals received from satellites and/or pseudolites 10, so
as to transmit them in conjunction with identifier signals
and eventually also in conjunction with additional param-
eters, such as physiological parameters of the players
and/or physical parameters, to the base station 5.
[0053] In a preferred embodiment, each tracking de-
vice 4,4’ measures its position and/or those additional
parameters at least 10 times, or at least 20 times per
second, preferably at least 200 times per second, trans-
mitting one set of data for instance once per second. If
then fifty tracking devices are used and the base station
requests and receives 1 set of data with an interval of
0,02 seconds, the data sets of all fifty tracking device are
received in one second.
[0054] These position signals are then used to calcu-
late the positions of the tracking devices 4, 4’ relative to
each other. Knowing the positions of the players 1 and
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ball 2 relative to the reference tracking device 4’, and
also the predefined fixed positions of the field features
3a-3e relative to the same reference tracking device 4’,
it is then possible in step 70 to calculate the positions of
the players 1 and ball 2 relative to those field features
3a-3e. This information can then be used to determine a
game occurrence: if, for instance, one of the players 1 is
located closer to the goal line of the opposing team than
the ball 2 and all the players 1 of the opposing team (with
exception of the goalkeeper), the tracking system will in-
dicate a potential offside. Similarly, if the ball 2 is located
within one of the goals 3c, the tracking system will deter-
mine that a goal has been scored. Eventually, the addi-
tional parameters transmitted by the tracking devices 4,
4’ could also be involved in the determination of game
occurrences. Ball contact could for instance be deter-
mined by the relative positions of players 1 and ball 2 in
conjunction with acceleration signals from a sensor in
the tracking device 4 in the ball 2. If the player tracking
devices were also equipped to monitor and transmit ac-
celeration, for instance, those acceleration signals could
be useful in conjunction with the position of the players
1 relative to the penalty areas 3d to assist the referee in
determining whether a foul was committed within or with-
out a penalty area 3d.
[0055] Such game occurrences could be transmitted
to the referee, possibly through a portable wireless re-
ceiver which would signal the occurrence through sound
or vibration.

EXAMPLE 2

[0056] FIG 3 represents a different embodiment of the
invention in the form of a logistics tracking system. This
particular logistics tracking system comprises tracking
devices 4 mounted on delivery trucks 14, a reference
tracking device 4’ and a base station 5 and is suitable for
providing the positions of the delivery trucks 14 relative
to each other and to features of a city 15, such as streets
15a and delivery and/or pickup addresses 15b. Similar
logistic tracking systems according to the invention would
also be applicable for tracking containers and forklift
trucks in a storage and/or transshipment area. Tracking
systems for wide area applications such as this one could
make use of a Wide Area DGPS (WADGPS), possibly a
global WADGPS.

EXAMPLE 3

[0057] A similar embodiment of the invention in the
form of a wide area tracking system for tracking vehicles
is represented in FIG 4. In this embodiment the tracking
devices 4 would be mounted on road vehicles and a base
station 5, which could also be mounted on each vehicle,
would issue signals in response to the positions of the
vehicles 16 relative to each other and to the road network
17. For instance, if, as illustrated, one of the vehicles 16
rode up too close behind another, the base station 5 could

disconnect the cruise control, brake and/or warn the driv-
er. Similarly, if a vehicle 16 reached a speed-limited area
due, for example, to road works, the base station 5 could
also disconnect the cruise control, brake and/or warn the
driver. Alternative embodiments would be applicable to
rail vehicles, such as trains, tramways or mass transport
systems, to water and/or to air transport.
[0058] A tracking system according to the invention
could also be used to track vehicles within a local area,
applying DGPS or Local Area DGPS (LADGPS). Some
embodiments thereof would be a production area com-
prising self-propelled carts equipped with tracking devic-
es 7 for transporting assembly elements or an automated
parking system for parking vehicles in carmakers’ parking
areas or in parking areas for large events.

EXAMPLE 4

[0059] Another embodiment of the invention as a wide
area tracking system is represented in FIG 5. In this em-
bodiment, a tracking device 4 would be carried by an
outpatient 18. Preferably, this tracking device would com-
prise a physiological sensor as described above and/or
an alarm device, so as to alert emergency services which
would be informed of the precise location to which to
send an ambulance, police or fire patrol 19. In this appli-
cation it would be particularly advantageous if the ambu-
lances, police and/or fire patrols 19 were themselves
equipped with tracking devices 4, so that the closest am-
bulance, police and/or fire patrol 19 could be directed to
the outpatient 18. A similar embodiment could be used
as an anti-hijacking system.
[0060] Other embodiments of the invention could be
used for tracking and assisting visitors in tourist attrac-
tions, entertainment events or pilgrimage sites or for
tracking workers in industrial installations comprising
hazardous areas.

Claims

1. A local area tracking system comprising:

- a plurality of tracking devices (4,4’), each one
comprising a tracking device receiver (7) for re-
ceiving beacon signals and generating in re-
sponse a signal indicating the position of said
tracking device, and an interface (8) for trans-
mitting at least an identifier signal and said po-
sition signal; and
- a base station (5) comprising means for receiv-
ing said identifier and position signals and cal-
culating the relative positions of the tracking de-
vices (4,4’);

characterized in that said tracking device receiver
is a GNSS receiver, that at least one of said tracking
devices (4,4’) is a reference (4’), and that said base
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station (5) also comprises means for calculating the
relative position of at least another one of said track-
ing devices relative to a point, line, area, and/or
space (3,3a,3b,3c,3d,3e,15,15a,15b,17) having a
fixed predefined position and/or orientation relative
to said reference tracking device (4’).

2. A local area tracking system according to claim 1,
characterized in that the system is made portable.

3. A local area tracking system according to claims 1
or 2, comprising a GNSS re-radiator.

4. A local area tracking system according to claims 1
to 3, wherein the tracking device receiver of at least
one of said tracking devices (4,4’) is also suitable for
receiving pseudolite L1 and L2 beacon signals.

5. A local area tracking system according to any one
of the previous claims, further comprising at least
one pseudolite (10).

6. A local area tracking system according to any one
of the previous claims, wherein at least one of said
tracking devices (4,4’) comprises a sensor (13) for
monitoring a physiological, physical, or a mechanical
parameter.

7. A local area tracking system according to claim 6,
further comprising means for alerting a supervisor if
said parameter rises above or sinks below a prede-
termined threshold.

8. A local area tracking system according to claim 7,
wherein said sensor (13) is suitable for being im-
planted into the body of said human or animal.

9. A sport tracking system comprising a local area
tracking system according to any one of the previous
claims, wherein at least one of said tracking devices
is suitable for being carried by a sport player (1) or
sport equipment (2), wherein said at least one point,
line, area and/or space (3,3a,3b,3c,3d,3e,15,15a,
15b,17) is a feature of a sport field, track, pitch or
arena, and wherein said sport tracking system com-
prising means for indicating a game occurrence ac-
cording to said relative positions.

10. Use of a local area tracking system according to any
of the above claims in indoor areas.

11. A local area tracking method comprising the steps of:

- providing a plurality of tracking devices (4,4’),
each comprising a tracking device receiver for
receiving beacon signals and generating in re-
sponse a signal indicating the position of said
tracking device (4,4’), and an interface (8) for

transmitting at least an identifier signal and said
position signal;
- transmitting the position and identifier signals
of said plurality of tracking devices (4,4’) to a
base station (5);
- calculating the relative positions of said track-
ing devices (4,4’); characterized in that the
tracking device receiver is a GNSS receiver and
that the method further comprises the steps of:
- defining a fixed position and/or orientation of
at least one point, line, area, and/or space rela-
tive (3,3a,3b,3c,3d,3e,15,15a,15b,17) to at
least one of said plurality of tracking devices
(4,4’) which is a reference (4’); and
- calculating the position of at least another one
of said tracking devices (4,4’) relative to said at
least one point, line, area, and/or space.

12. A local area tracking method according to claim 11,
wherein the navigation receiver is also suitable for
receiving pseudolite beacon signals, and the track-
ing method also comprises the step of providing at
least one pseudolite (10).

13. A local area tracking method according to claims 11
or 12, wherein at least one of said tracking devices
(4,4’) is carried by a sport player (1) or sport equip-
ment (2), wherein said at least one point, line, area
and/or space (3,3a,3b,3c,3d,3e,15,15a,15b,17) is a
feature of the sport field, pitch, track or arena, and
wherein said tracking method further comprising the
step of indicating a game occurrence according to
said relative positions.

14. Use of a local area tracking method according to
claims 11 to 13 in indoor areas.

11 12 



EP 2 375 267 A1

8



EP 2 375 267 A1

9



EP 2 375 267 A1

10



EP 2 375 267 A1

11



EP 2 375 267 A1

12



EP 2 375 267 A1

13



EP 2 375 267 A1

14



EP 2 375 267 A1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• GB 2402825 A [0004]

Non-patent literature cited in the description

• STELZER et al. Proc. SPIE, 2003, vol. 5048, 136
[0008]


	Bibliographische Daten
	Beschreibung
	Ansprüche
	Zeichnungen
	Entgegenhaltung

