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Description

[0001] The present invention relates to a system for
detection of whether a movable object, such as a sports
object, e.g. afootball or an ice hockey puck, has passed
a flat plane in space, such as a goal plane defined e.g.
as a vertical plane extending from a goal line or a hori-
zontal plane defined by the upper rim of the basketball
basket.

BACKGROUND

[0002] Traditionally, the referee or referees of a sports
match decides from visual observation whether or not
the ball has passed the goal plane. However, this may
be very difficult to determine correctly in situations where
the ball is returned quickly and has only just passed, or
not passed, the goal plane, and it is particularly difficult
if the referee is positioned unsuitably with respect to the
goal plane or is engaged in other activity of the match.
Video camera may also be used to monitor the goal
planes, but the spatial and temporal resolution of video
cameras are often not sufficient to provide the necessary
information in cases of doubt.

[0003] A number of electronic systems are known in
the art for determining the position of a ball on a sports
field by means of position systems, as disclosed in e.g.
WO 01/66201, FR 2 753 633, FR 2 726 370, WO
99/34230, US 4 675 816, US 5 346 210 and WO
98/37932. These positioning systems may be used e.g.
for determining if the ball has passed the border of the
playing field and the positions of the players as well and
provides many useful information to the referee. Howev-
er, the determination of the passage of the goal plane is
a very delicate matter, both because it may be decisive
for the outcome of the sports match and because the
distances are small and the velocity of the object often
very high, so that a position determining system to pro-
vide a reliable determination of whether the object has
passed the goal plane must be very precise in the deter-
mination of the position and at the same time have a very
high update rate of the position determination. The object
may e.g. move with 72 km/h or 20 m/s, which means that
an update rate of 1/100 s will add an uncertainty of 20
cmtothe determined position, which is unacceptable with
respect to determination of a goal in a sports match.
[0004] WO 00/47291 and US 4,375,289 discloses de-
vices for detecting the position of a moving object relative
to a plane, wherein an energizing coil generates an elec-
tromagnetic field, which is disturbed by the moving ob-
ject. The disturbance is detected by one or two coils from
which it is decided whether and when the object passed
the plane encircled by the energizing coil as well as the
detection coils. These devices requires the coils to en-
circle the full goal plane and are very sensitive to any
deviation from the precise and correct positioning of the
coils as no calibration for such deviations is available,
and the detection may also be severely disturbed by other
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object in or near the goal plane, such as a goal keeper
or other players. Furthermore, players within the vicinity
of the goal plane will be exposed to the generated elec-
tromagnetic field, a fact that may raise health related con-
cemns.

[0005] Position systems with a sufficiently precise de-
termination of the position of a sports object and a suffi-
ciently high update rate to provide reliable indications of
the crossing of a goal plane, are very expensive to install
and maintain. It is therefore desirable to provide an al-
ternative system with a sufficient spatial as well as tem-
poral resolution to provide reliable indications.

[0006] US 5,976,038 discloses an apparatus for pro-
viding an output indication when a playing object crosses
the play determinative line. The apparatus comprises a
directional receiving antenna, such as a disk-reflector an-
tenna and in particular a cassegrain antenna provided
with dual, horizontally adjacent feeds, which are com-
bined to provide sum and difference signals. The antenna
is arranged outside the playing field and is directed along
the play determinative line. In order to provide a suffi-
ciently high spatial resolution due to the distance be-
tween the antenna and the playing object, the reflector
of the antenna must have considerable dimensions. A
reflector of 30 inch width, 76 cm, will provide a detection
zone of 4 inch width, 10 cm, which together with other
uncertainties of the system is acceptable for use with
American football as the patent is directed at, but is un-
acceptable for many other sports games and a much
larger reflector would be required.

[0007] InUS 5,615,880 is disclosed an electronic goal
detecting system according to the preamble of claim 1,
where a plurality of sensors are arranged in the goalposts
of ahockey goal delimiting a flat target plane. The playing
object, such as a hockey puck or hockey ball, is equipped
with a pickup means which is detected by the sensors
when the object passes through the goal posts and into
the goal. A goal signal means on the hockey goal is ac-
tivated by the sensors and inform the user that a goal
has been scored.

[0008] Itis therefore desirable to provide a technically
more simple system for determining the crossing of a
goal plane with a sufficient spatial as well as temporal
resolution to provide reliable indications.

[0009] This object is achieved by the system of the
present invention comprising a plurality, preferably at
least three pairs of antennas arranged along the periph-
ery of a flat target plane, the antennas of each of said
pairs being arranged with a displacement there between
in the direction perpendicularly to the flat target plane.
The antennas are suitable to receive the radio waves
from movable objects, e.g. a football or other sport play-
ing objects, having radio wave emitter means, and/or are
suitable to emit radio waves, that are received by receiver
means in the movable object.

[0010] By arranging a plurality of pairs of antennas,
such as two, three or more pairs of antennas, along the
periphery of the target plane, preferably on or adjacent
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to the line delimiting the target plane, the distance be-
tween the antennas and the movable object may be re-
duced to an absolute minimum, whereby the spatial res-
olution of the pairs of antennas is maximized. Thus, sim-
ple antennas may be employed and a satisfactory spatial
resolution achieved by the system according to the
present invention. Data processing means collect the
output from the various antennas of the system or from
a receiver means in the movable object, process the col-
lected data and compare to a predetermined sat of con-
ditions, and provide an output accordingly. The output is
typically provided when the centre of the object passes
the target plane, which in a preferred embodiment of the
invention equals the moment when the difference be-
tween the outputs from the two antennas divided by the
sum of the two outputs is at a minimum.

[0011] Other preferred features of the present inven-
tion and advantages will be disclosed in the following.

BRIEF DESCRIPTION OF THE INVENTION

[0012] Thus, the present invention relates to a system
comprising

a movable object, in particular a sports object, e.g.
a football or an ice hockey puck, having radio wave
emitter means,

a plurality of pairs of antennas arranged along the
periphery of a flat target plane, the two antennas of
each of said pairs being arranged with a mutual dis-
placement in the direction perpendicularly to the flat
target plane,

radio wave emitter means arranged in the movable
object and/or each antenna, and

means for receiving the radio waves from the radio
wave emitter means and provide an output accord-
ingly arranged in each antenna and/or in the movable
object, the system further comprising processing
means to receive and process said output together
with a predetermined set of conditions and providing
a resulting output if the set of conditions are fulfilled
so as to determine whether the movable object pass-
es the flat target plane.

[0013] The radio wave emitter means may be a trans-
mitter arranged in the movable object with an internal
power source, i.e. an electrical battery, or an externally
driven source, such as an induction circuit generating
power from an external source of a magnetic field. Alter-
natively, the radio wave emitter means may be reflector
means for reflecting radio waves emitted from a station-
ary source, e.g. as described in US 5,976,038.

[0014] The processing means process the output from
all the antennas of the system, e.g. by calculating the
sum and difference of the outputs of the antennas of each
pair and calculate the ratio of the difference and the sum
as described below. When this ratio is at its minimum,
the radio wave emitter means passes the middle plane
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between the two antennas. The outputs from the two an-
tennas of a pair may furthermore be calibrated for differ-
ences in magnitude of output, so that the ratio is zero at
the minimum. The ratios obtained from all pairs of anten-
nas are used to provide a common conclusive output and
thereby compensate for uncertainties of the individual
pair and maladjustments due to impacts during the sports
game.

[0015] Inasecondembodiment, the radiowave emitter
means is the plurality of pairs of antennas and the re-
ceiver is placed within the movable object. In a third em-
bodiment, the first and second embodiment is combined
to a system where the passage of the movable object is
detected by both systems so that a higher reliability is
obtained.

[0016] The mutual displacement in the direction nor-
mal to the target plane between the antennas of each
pair is advantageously within the range of 3 to 25 centi-
metres, preferably within the range of 6 to 12 centimetres.
[0017] The number of pairs of antennas is advanta-
geously within the range of 3 to 20, preferably within the
range of 4 to 12.

[0018] It is preferred that at least some of the pairs of
antennas are arranged in series along a horizontal line
of the target plane, and it is particularly preferred that the
pairs of antennas are arranged substantially equidistant-
ly along said line. The line may be the goal line on the
ground, so that the pairs of antennas have a subsurface
location, or the pairs of antennas may be arranged on
the horizontal crossbar of the goal. The pairs of antennas
may preferably be arranged with a mutual distance being
a fraction, such as one half, one third, one fourth, etc. of
the wavelength of the radio waves, but preferably half
the wavelength of the radio waves emitted from the emit-
ter means. Thereby, an optimal transmission is obtained.
The wavelength of the radio waves is preferably within
the range of 0.2 meters to 20 meters, preferably within
0.5 to 5 meters.

[0019] It is generally preferred that at least some of
and possibly all of the pairs of antennas are arranged on
the goal delimiting the flat target plane, the goal normally
consisting of two substantially vertical goalposts and a
horizontal crossbar extending there between. The pairs
of antennas may be arranged on the crossbar as de-
scribed, on the goalposts or distributed on both the cross-
bar and the two goalposts. The pairs of antennas ar-
ranged on the goal are preferably embedded within the
goalposts and/or the horizontal crossbar so that a sub-
stantially smooth surface of the goal is preserved.
[0020] Itis furthermore advantageous that the system
of the invention comprises at least one stationary cali-
brator device emitting waves receivable by the antennas,
arranged in the flat target plane to provide a calibration
signal for the system. Thereby, a temporary or constant
calibration routine may be performed by the system dur-
ing use so as to compensate for changes in the position,
orientation or other features of the antennas that are in-
fluential on their performance and output. The one or
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more stationary emitters are advantageously arranged
onthe goal. Alternatively, according to the second or third
embodiment of the present invention, the stationary cal-
ibrator device may receive radio waves emitted from the
pairs of antennas and provide an output accordingly to
a control unit of the system. Supplementary or as an al-
ternative to the calibrator device, each pair of antennas
may be equipped with means, such as a dedicated re-
ceiver, for determining their position by means of a com-
mon positioning system, such as the satellite based Glo-
bal Positioning System (GPS) so that deviations from the
ideal positioning of the pairs of antennas may be detected
and the evaluation of the system may be adjusted there-
fore.

[0021] In order to facilitate the signal processing and
improve the precision of the output, i.e. the spatial reso-
lution of the resulting output from the system, it is advan-
tageous that each pair of antennas has a first antenna
arranged in a first plane parallel to said flat target plane
and a second antenna arranged in a second plane par-
allel to said flat target plane, wherein said first plane and
second plane are common to all or substantially all pairs
of antennas.

[0022] The radio wave emitter means and/or the re-
ceiver means of the movable object comprises in a pre-
ferred embodiment of the present invention antenna
means that are regularly distributed in a shell of a shape
corresponding to the outer shape of said movable object,
soas to provide a homogeneous wave field with its centre
in the middle of the object. In particular, it is preferred
that the antenna means is arranged on the inner surface
of the top layer material of said movable object. Thereby,
a simple manufacturing may be performed with a high
degree of precision so as to delimit the spatial uncertain-
ties of the system.

[0023] The present invention relates furthermore to a
movable object, in particular to a ball, such as a football,
or other sport playing object suitable to be comprised
within said system.

[0024] The system of the invention may also comprise
one or more video cameras that are activated by the out-
put from the system, so that a precisely timed goal photo
is obtained for visual evaluation of the situation.

[0025] The scope of the present invention is defined
by the appended set of claims.

BRIEF DESCRIPTION OF THE DRAWING

[0026] An embodiment of the present invention is
shown in the enclosed drawing of which

Fig. 1 is a perspective view of a goal for football
equipped with a plurality of pairs of antennas and an
auto-calibration transmitter,

Fig. 2 is an illustration of the antennas of a pair, the
ball, and an output signal of a pair of antennas during
the passage of a ball, and
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Fig. 3 is a detail of the cross bar of a goal having a
plurality of pairs of antennas and an auto-calibration
transmitter arranged therein.

DETAILED DESCRIPTION OF AN EMBODIMENT OF
THE INVENTION

[0027] A football goal 1 is shown in Fig. 1 having a left
goalpost 2, a right goalpost 3 and a horizontal crossbar
4 there between. The goal 1 is placed on a sports field
with the posts 2, 3 placed on the centre of the goal line
(not shown) and the crossbar 4 being parallel with and
directly above the goal line in accordance with the laws
of FIFA, so that the goal line, the posts 2, 3 and the cross
bar 4 delimits a flat target plane.

[0028] Five pairs of antennas 5 are arranged equidis-
tantly on the crossbar 4 and two pairs 5 are arranged
each onone post 2, 3. Each pair of antennas 5 comprises
two identical antennas A, B that are arranged parallel
with a displacement only in the direction perpendicular
to the target plane. The antennas A, B are arranged so
that the midway position is situated precisely half the di-
ameter of the ball from the back edge of the goal line. A
goal is scored when the whole of the ball pass over the
goal line, between the goalposts 2, 3 and under the cross
bar 4, cf. the laws of FIFA. Thus, when the middle of the
ball is in the vertical plane of the midway positions of the
pairs of antennas 5, the goal is scored except if other
laws of the game overrule it.

[0029] A cross-section of the antennas A, Biis illustrat-
ed in Fig. 2 with the ball 6 illustrated in three positions,
the ball 6 having a transmitter 7 effectively arranged in
the middle thereof. The processed signal is depicted as
well as signal V as function of the position X of the ball
perpendicularly to the target plane. The processing
means (not shown) provides the output P from the signal
SA, SB from the two antennas A, B:

_ |s4- s8]
|54 +|sB]

[0030] The processing of the signals is performed with
a very high frequency, more than 10 kHz, and the output
from the antennas A, B are constantly calibrated by
means of the waves transmitted from the auto-calibration
transmitter 8, so that the output P=0 when the middle of
the ballis in the vertical plane of the midway positions of
the pairs of antennas 5. The resulting output from the
system, indicating that a goal is scored, is produced by
the processing means by a routine including the output
signals P from all pairs of antennas 5.

[0031] Anexamples of the arrangement of pairs of an-
tennas 5 and an auto-calibration transmitter 8 within the
cross bar 4 of a goal 1 is illustrated in Fig. 3, where the
antennas 5 and the transmitter 8 are completely embed-
ded into the cross bar 4 to that a substantially smooth
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surface of the cross bar 4 is preserved. Thus, the players
will not meet sharp edges or protrusions on the structure
of the goal at physical contact with it, which may cause
injuries to the players as well as to the antennas 5 and
the transmitter 8. The adjacent pairs of antennas 5 are
arranged with a mutual distance 9 of half the wavelength
of the radio waves emitted from the emitter means.
[0032] The pairs of antennas 5 may in a further pre-
ferred embodiment alternatively or additionally function
as emitter means emitting a radio wave that is received
by receiving means in the ball 6 as well as receiving
means in the auto-calibration transmitter 8, so that the
performance of the antennas 5 may be evaluated and
the final output from the system be adjusted for deviations
in the system from the ideal function and positioning.
[0033] Thus, in one embodiment of the system, the
emitter means are situated in the ball 6, an auto-calibra-
tion signal is provided from the auto-calibration transmit-
ters 8 and the receiver means are in the pairs of antennas
5.

[0034] Inasecondembodiment,the emitter means are
the pairs of antennas 5 and the receiver means are sit-
uated in the ball 6, which furthermore comprises a second
emitter means for emitting a signal evaluated from the
received signal, where a second receiver means is ar-
ranged at the sports field to receive said signal and proc-
ess it to determine whether the ball 6 passes the target
plane, i.e. the goal plane. In the second embaodiment, the
antennas 5A in the front of each pair of antennas 5 may
optionally emit radio waves of one frequency and the
antenna 5B in the back may emit radio waves of a differ-
ent frequency in order to separate the received waves
e.g. by the receiver means in the ball 6, or the signals
from the two antennas 5A, 5B may be distinguishable in
any other technical manner. Furthermore, the auto-cali-
bration transmitters 8 are in this embodiment receivers
that receives the radio waves emitted from the pairs of
antennas 5.

[0035] Inathird embodiment, the first and second em-
bodiments are combined, so that the ball 6 comprises
first and second emitter means as well as receiving
means and the pairs of antennas 5 switches between
emitting and receiving, and the auto-calibration transmit-
ters 8 are simultaneous switched between receiving and
emitting, wherein said switching is of a high frequency to
match the high processing frequency. Alternatively, the
system in the third embodiment may comprise separate
pairs of antennas 5 for emitting and receiving, and a dou-
ble set of auto-calibration transmitters 8 may be provided,
so that each transmitter 8 is dedicated to emitting or re-
ceiving only. The advantage of the third embodiment is
that the means for determining whether the ball 6 is pass-
ing the goal plane are doubled which improves the reli-
ability of the system.

[0036] Itis not the most suitable solution to situate the
receiver and/or the emitter at the middle of the ball 6 as
the positionis not easily accessible and an item suspend-
ed within the ball 6 may be displaced, in particularly dur-
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ing the deformation of the ball 6 at impact with e.g. a
player, the play field or the goal. It is preferred that the
receiver and/or emitter comprises four or more antennas
arranged on the inside of the inner latex balloon within
the ball 6, alternatively on the outside of said balloon,
where said antennas are distributed evenly on the spher-
ical surface, whereby a spatial resolution of the system
of 10 millimetres or less may be obtained. A more heavy
part of the emitter and/or receiver may be situated oppo-
site the valve of the ball 6 to be counter balanced thereby.
Said antennas may alternatively be situated on the inner
side of or within the outer part of the ball 6, e.g. as thin
metal wire used to fasten the patches of the outer part
to each other.

Claims

1. A system comprising
a movable object (6),
agoal (1) comprising two goalposts (2, 3) and a hor-
izontal crossbar (4) delimiting the periphery of a flat
target plane,
a device (5, 7) for providing an output arranged in
the movable object and at a plurality of positions on
the goal,
the system further comprising processing means to
receive and process said output together with a pre-
determined set of conditions and providing a result-
ing output if the set of conditions are fulfilled so as
to determine whether the movable object (6) passes
the flat target plane,
characterised in that
said device includes a plurality of pairs of antennas
(5) arranged on the goal (1) the two antennas of each
of said pairs (5) being arranged with a mutual dis-
placement in the direction perpendicularly to the flat
target plane,
radio wave emitter means (7) arranged in the mov-
able object (6) and/or each antenna, and
means for receiving the radio waves from the radio
wave emitter means (7) and provide an output ac-
cordingly arranged in each antenna and/or in the
movable object (6).

2. Asystemaccordingtoclaim 1, wherein at least some
of the pairs of antennas (5) are arranged in series
along a horizontal line of the target plane.

3. A system according to claim 2, wherein the pairs of
antennas (5) are arranged substantially equidistantly
along said line.

4. A system according to any of the preceding claims,
wherein the pairs of antennas (5) are arranged with
a mutual distance (9) of half the wavelength of the
radio waves emitted from the emitter means (7).
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A system according to any of the preceding claims,
wherein the pairs of antennas (5) are distributed on
two goalposts (2, 3) and a horizontal crossbar (4) of
the goal.

A system according to any of the preceding claims,
wherein said pairs of antennas (5) arranged on the
goal (1) are arranged within the goalposts (2, 3)
and/or the horizontal crossbar (4) so that a substan-
tially smooth surface of the goal (1) is preserved.

A system according to any of the preceding claims,
further comprising at least one stationary calibrator
device (8) arranged in the flat target plane to provide
a calibration signal for the system.

A system according any of the preceding claims,
wherein each pair of antennas (5) has afirst antenna
arranged in a first plane parallel to said flat target
plane and a second antenna arranged in a second
plane parallel to said flat target plane.

A system according to any of the preceding claims,
wherein the radio wave emitter means (7) and/or the
receiver means of the movable object (6) comprises
antenna means regularly distributed in a shell of a
shape corresponding to the outer shape of said mov-
able object (6).

A system according to claim 9, wherein the antenna
means is arranged on the inner surface of the top
layer material of said movable object (6).

A system according to any of the preceding claims,
wherein said mutual displacement between the an-
tennas of each pair (5) is within the range of 3 to 25
centimetres, preferably within the range of 6 to 12
centimetres.

A system according to any of the preceding claims,
wherein the number of pairs of antennas (5) is within
the range of 3 to 20, preferably within the range of 4
to 12.

A system according to any of the preceding claims,
wherein the emitter means (7) is arranged in the mov-
able object (6) and the receiver means is arranged
in the plurality of pairs of antennas (5).

A system according to any of the preceding claims,
wherein the emitter means (7) is arranged in the plu-
rality of pairs of antennas (5) and the receiver means
is arranged in the movable object (6).

A system according to any of the preceding claims,
wherein emitter means (7) as well as receiver means
are arranged in the movable object (6) and corre-
sponding receiver means as well as emitter means
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16.

10

(7) are arranged in a plurality of pairs of antennas
(5) placed along the periphery of said flat target
plane.

A system according to any of the preceding claims,
further comprising one or more cameras controlled
by controlling means that receives the output from
the receiving means so that a picture frame is re-
corded by the at least one camera concurrently with
the passage of the movable object (6) through the
target plane.

Patentanspriiche

1.

System, Folgendes umfassend:

ein bewegliches Objekt (6),

ein Tor (1), das zwei Torpfosten (2, 3) und eine
horizontale Querlatte (4) umfasst, die den Um-
fang einer flachen Zielebene abgrenzen,

eine Vorrichtung (5, 7) zur Bereitstellung einer
Ausgabe, die im beweglichen Objekt und an
mehreren Positionen am Tor angeordnet ist,
wobei das System aufderdem Verarbeitungsmit-
tel umfasst, um die Ausgabe zusammen mit ei-
nem vorgegebenen Satz von Bedingungen zu
empfangen und zu verarbeiten, sowie die Be-
reitstellung einer resultierenden Ausgabe, wenn
der Satz von Bedingungen erflillt ist, so dass
bestimmt wird, ob das bewegliche Objekt (6) die
flache Zielebene passiert,

dadurch gekennzeichnet, dass

die Vorrichtung Folgendes umfasst: mehrere
Antennenpaare (5), die am Tor (1) angeordnet
sind, wobei die beiden Antennen aus jedem der
Paare (5) mit einem gegenseitigen Abstand in
der Richtung senkrecht zur flachen Zielebene
angeordnet sind,

ein Sendemittel (7) fur Funkwellen, das im be-
weglichen Objekt (6) und/oder jeder Antenne
angeordnet ist, und

ein Mittel zum Empfang der Funkwellen vom
Funkwellen-Sendemittel (7) und zur Bereitstel-
lung einer Ausgabe, das entsprechend in jeder
Antenne und/oder im beweglichen Objekt (6)
angeordnet ist.

2. System nach Anspruch 1, wobei wenigstens einige

der Antennenpaare (5) in einer Reihe entlang einer
horizontalen Linie der Zielebene angeordnet sind.

System nach Anspruch 2, wobei die Antennenpaare
(5) im Wesentlichen in gleichen Abstanden entlang
der Linie angeordnet sind.

System nach einem der vorhergehenden Anspri-
che, wobei die Antennenpaare (5) mit einem gegen-
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seitigen Abstand (9) von einer halben Wellenlange
der von dem Sendemittel (7) emittierten Funkwellen
angeordnet sind.

System nach einem der vorhergehenden Anspri-
che, wobei die Antennenpaare (5) auf zwei Torpfo-
sten (2, 3) und einer horizontalen Querlatte (4) des
Tors verteilt sind.

System nach einem der vorhergehenden Anspri-
che, wobei die auf dem Tor (1) angeordneten Anten-
nenpaare (5) innerhalb der Torpfosten (2, 3) und/
oder der horizontalen Querlatte (4) angeordnet sind,
so dass eine im Wesentlichen glatte Oberflache des
Tors (1) erhalten bleibt.

System nach einem der vorhergehenden Anspri-
che, das auflerdem wenigstens eine fest angebrach-
te Kalibriervorrichtung (8) umfasst, die in der flachen
Zielebene angebracht ist, um flr das System ein Ka-
libriersignal bereitzustellen.

System nach einem der vorhergehenden Anspri-
che, wobei jedes der Antennenpaare (5) eine erste
Antenne hat, die in einer ersten Ebene parallel zur
flachen Zielebene angeordnet ist und eine zweite
Antenne hat, die in einer zweiten Ebene parallel zur
flachen Zielebene angeordnet ist.

System nach einem der vorhergehenden Anspri-
che, wobei das Funkwellensendemittel (7) und/oder
das Empfangsmittel des beweglichen Objekts (6)
Antennenmittel umfasst, die in einer Hllle einer
Form, die der dueren Form des beweglichen Ob-
jekts (6) entspricht, regelmaRig verteilt sind.

System nach Anspruch 9, wobei das Antennenmittel
auf der Innenflache des Materials der obersten
Schicht des beweglichen Objekts (6) angebracht ist.

System nach einem der vorhergehenden Anspri-
che, wobei der gegenseitige Abstand zwischen den
Antennen jedes Paares (5) im Bereich von 3 bis 25
Zentimeter liegt und vorzugsweise im Bereich von 6
bis 12 Zentimeter.

System nach einem der vorhergehenden Anspri-
che, wobei die Zahl der Antennenpaare (5) im Be-
reich von 3 bis 20 liegt und vorzugsweise im Bereich
von 4 bis 12.

System nach einem der vorhergehenden Anspri-
che, wobei das Sendemittel (7) im beweglichen Ob-
jekt (6) angeordnet ist und das Empfangsmittel in
den mehreren Antennenpaaren (5) angeordnet ist.

System nach einem der vorhergehenden Anspri-
che, wobei das Sendemittel (7) in den mehreren An-
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tennenpaaren (5) angeordnet ist und das Empfangs-
mittel im beweglichen Objekt (6) angeordnet ist.

System nach einem der vorhergehenden Anspri-
che, wobei das Sendemittel (7) sowie das Emp-
fangsmittel im beweglichen Objekt (6) angeordnet
sind und ein entsprechendes Empfangsmittel sowie
Sendemittel (7) in mehreren Antennenpaaren (5) an-
geordnet sind, die entlang des Umfangs der flachen
Zielebene platziert sind.

System nach einem der vorhergehenden Anspri-
che, das auRerdem eine oder mehrere Kameras um-
fasst, die von einem Steuerungsmittel gesteuert wer-
den, das die Ausgabe der Empfangsmittel erhalt, so
dass gleichzeitig mit dem Durchgang des bewegli-
chen Objekts (6) durch die Zielebene von der we-
nigstens einen Kamera ein Bild aufgezeichnet wird.

Revendications

1.

Systéme comprenant

un objet mobile (6)

un but (1) comprenant deux poteaux de but (2, 3) et
une barre transversale (4) delimitant la périphérie
d'un plan cible plat,

un dispositif (5, 7) pour fournir une sortie agencee
dans I'objet mobile et en une pluralité de positions
sur le but,

le systéeme comprenant en outre un moyen de trai-
tement pour recevoir et traiter ladite sortie conjoin-
tement avec un jeu prédéterminé de conditions et
fournissant une sortie résultante si le jeu de condi-
tions est rempli de fagon a déterminer si I'objet mo-
bile (6) passe le plan cible plat,

caractérisé en ce que

ledit dispositif inclut une pluralité de paires d'anten-
nes (5) agencées sur le but (1), les deux antennes
de chacune desdites paires (5) etant agencées avec
un déplacement mutuel dans la direction perpendi-
culaire au plan cible plat,

un moyen emetteur d’'ondes radio (7) agence dans
I'objet mabile (6) et/ou chaque antenne, et

un moyen pour recevoir les ondes radio provenant
du moyen émetteur d’ondes radio (7) et fournir une
sortie agencée en conséquence dans chaque an-
tenne et/ou dans I'objet mobile (6).

Systéme selon la revendication 1, dans lequel au
moins certaines des paires d'antennes (5) sont
agencées en série le long d'une droite horizontale
du plan cible.

Systéme selon la revendication 2, dans lequel les
paires d’antennes (5) sont agencées sensiblement
a équidistance le long de ladite droite.
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Systéme selon I'une quelconque des revendications
précédentes, dans lequel les paires d’antennes (5)
sont agenceées avec une distance mutuelle (9) de la
moitié de la longueur d'onde des ondes radio émises
par le moyen émetteur (7).

Systéme selon I'une quelconque des revendications
précédentes, dans lequel les paires d’antennes (5)
sont distribuées sur deux poteaux de but (2, 3) et
une barre transversale (4) du but.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel lesdites paires d’antennes
(5) agencees sur le but (1) sont agencées au sein
des poteaux de but (2, 3) et/ou de la barre transver-
sale (4) de sorte qu’une surface sensiblement lisse
du but (1) est preservée.

Systéme selon I'une quelconque des revendications
précédentes, comprenant en outre au moins un dis-
positif de calibrage stationnaire (8) agence dans le
plan cible plat pour fournir un signal de calibrage
destine au systéme.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel chague paire d’antennes
(5) comporte une premiere antenne agencée dans
un premier plan paralléle audit plan cible plat et une
seconde antenne agencée dans un second plan pa-
rallele audit plan cible plat.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le moyen eémetteur d’on-
des radio (7) et/ou le moyen récepteur de I'objet mo-
bile (6) comprend un moyen d'antenne distribué de
fagon réguliere dans une coquille d’'une forme cor-
respondant a la forme externe dudit objet mobile (6).

Systéme selon la revendication 9, dans lequel le
moyen d’antenne est agence sur la surface interne
du materiau de couche supérieure dudit objet mobile

®).

Systéme selon I'une quelconque des revendications
précédentes, dans lequel ledit déplacement mutuel
entre les antennes de chaque paire (5) se situe dans
la plage allant de 3 a 25 centimétres, de preférence
dans la plage allant de 6 a 12 centimétres.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le nombre de paires d'an-
tennes (5) se situe dans la plage allant de 3 a 20, de
préference dans la plage allant de 4 & 12.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le moyen émetteur (7) est
agence dans I'objet mobile (6) et le moyen récepteur
estagence dans la pluralité de paires d’antennes (5).

10

15

20

25

30

35

40

45

50

55

EP 1 596 945 B1

14.

15.

16.

14

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le moyen émetteur (7) est
agencé dans la pluralité de paires d’antennes (5) et
le moyen récepteur est agence dans |'objet mobile

(6).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le moyen emetteur (7) ain-
si que le moyen récepteur sont agencés dans I'objet
mobile (6) et le moyen récepteur correspondant ainsi
que le moyen émetteur (7) sont agencés dans une
pluralité de paires d’antennes (5) placée le long de
la periphérie dudit plan cible plat.

Systeme selon I'une quelconque des revendications
précédentes, comprenant en outre une ou plusieurs
cameras commandées par un moyen de commande
qui regoit la sortie du moyen récepteur de sorte
gu’'une trame d'image est enregistrée parlaaumoins
une caméra simultanément avec le passage de I'ob-
jet mobile (6) a travers le plan cible.
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Fig. 1
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