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(54) Concealed antenna

(57)  The present invention relates to a slot antenna
concealed in a vehicle for communicating the vehicle lo-
cation to a base tracking station. There is arisk that crim-
inals may evade the security measures by finding and
removing the antenna. Therefore the slot antenna 9 is
concealed inside a lamp unit enclosure 16. In the main
embodiment the slot antenna 9 is behind an optical re-
flector 14 of the lamp unit and the optical reflector com-
prises portions of electrically conducted material which
are electrically isolated from each other so as to limit

conduction of electric currents in the optical reflector.
This may be by way of a metallic paint with an electrically
insulating binding medium or a plurality of separate con-
ducting panels mounted on an insulating substrate. The
use of a tuned resonator 17 to reflect the back-directed
signal from the slot antenna 9 is also disclosed. Another
embodiment relates to a plurality of LEDs 21 aligned
with the slot a 19 of a slot antenna 20. As the slot an-
tenna is positioned in the lamp unit, it cannot be
screened without conspicuously covering the lamp and
making night driving impossible.
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Description

[0001] The presentinvention relates to an antenna for
use in a vehicle radio communication system for trans-
mission of position or other data to and/or from a vehicle,
preferably but not necessarily by radio waves of the or-
der of 900 MHz frequency or higher. In this specification
the term "vehicle" is used to mean a motor vehicle hav-
ing wheels for use on a public road or, alternatively build-
ing equipment fitted with wheels and/or caterpillar
tracks.

[0002] Atpresent, vehicle mobile data communication
systems tend to use a quarter wave whip antenna
mounted above a ground plane which is provided by a
surface of the body of the vehicle concerned. This ar-
rangement is vulnerable to damage, accidental or delib-
erate, and to a large extent negates the value of such a
radio communication system as a security aid, because
a person seeking to steal a vehicle merely has to disable
the antenna in order to sever the communication be-
tween the vehicle and the tracking base station. Such
disablement of the antenna may be achieved by physi-
cally breaking it off, by bending or deforming in such a
way that it no longer functions, or by screening the an-
tenna electrically.

[0003] The use of a concealed antenna is one possi-
ble solution to the problem outlined above. Our applica-
tion GB2352334 disclosed a slot antenna suitable for
concealing within a vehicle. However this approach has
serious limitations. Criminals would soon discover the
likely location of the concealed antenna and, in the case
of a slot antenna, metallic foil could be placed over the
area of the antenna in order to disable it.

[0004] Our application GB2341504 describes a vehi-
cle tracking system having a plurality of radio commu-
nication antennas mounted within the vehicle, and ar-
ranged so that if one antenna is disabled the other or
remainder are capable of continuing to function. How-
ever, this still has the problem that the antennas can be
located and disabled.

[0005] Accordingly the inventor has experimented
with concealing an antenna in one of the lamp units of
a vehicle. In fact it is possible to have more than one
antenna, each antenna being in a different lamp unit.
Thus, the potential thief has to screen all possible an-
tenna enclosures with conducting foil and consequently
for a conventional vehicle five screens would be neces-
sary - for the headlamps, rear lamps and tail lamp.
Screening of this type would render the vehicle conspic-
uous during daylight and make driving impossible at
night.

[0006] However, concealing an antenna in the lamp
unit of a vehicle is not a simple matter. It is necessary
to ensure that the antenna does not obstruct the light
source and also that any metal in the lamp unit does not
prevent effective reception and transmission of the radio
signal. Itis also desirable to design the lamp unit so that
it is compact and does not differ in appearance from a
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conventional lamp unit not having an antenna.

[0007] Accordingly, at its most general, one aspect of
the present invention provides a lamp unit for a vehicle
comprising an antenna for transmitting and/or receiving
radio waves and an optical reflector for reflecting light,
wherein the optical reflector comprises portions of elec-
trically conductive material which are electrically isolat-
ed from each other so as to limit conduction of electric
currents in the optical reflector.

[0008] Thus, a first aspect of the present invention
may provide a lamp unit for a vehicle comprising a
curved optical reflector having a convex side and a con-
cave side for reflecting light out of the lamp unit, a light
source positioned adjacent to the concave side of the
reflector, and a slot antenna positioned opposite the
convex side of the optical reflector for transmitting and/
or receiving radio waves, the concave side of the optical
reflector comprising portions of electrically conductive
material for reflecting light out of the lamp unit, said por-
tions of electrically conductive material being electrically
isolated from each other so as to limit induction of elec-
trical currents in the reflector, the optical reflector further
comprising an electrically non-conductive material for
supporting or holding together said portions of electri-
cally conductive material.

[0009] Conventional optical reflectors in modern
headlamp systems comprise an insulating body coated
with a metallic reflecting film. If this conventional type of
optical reflector was used in the present invention, then
a signal from the antenna would cause currents to be
induced in the metal coating of the optical reflector. How-
ever, in the above configuration this problem can be
avoided by isolating the portions of electrically conduc-
tive material in the reflector from each other and making
said portions small enough that the induced currents are
minimized. In particular circulating currents and current
perpendicular to the longitudinal length of the slot of the
slot antenna are substantially reduced or prevented. At-
tenuation of the radiated signal can thus be reduced and
may be kept to a negligible level.

[0010] Furthermore, because the optical reflector
does not significantly attenuate the radiated signal, it is
possible to place the slot antenna behind the light
source (if significant attenuation occurred it would have
to be placed in front of the light source). Wheniitis placed
behind the light source, the antenna can be concealed
from view and does not interfere with projection of light
out of the lamp unit.

[0011] Thus the radio waves should be able to pass
through the optical reflector without significant attenua-
tion and certainly with reduced attenuation compared to
a case if a conventional optical reflector was used. If the
system uses a 900 MHz system then the individual por-
tions of electrically conductive material are preferably
no larger than 150 mm2 (e.g. 10x15 mm panel) other-
wise some attenuation of the transmitted signal will oc-
cur. Of course the portions of electrically conducted ma-
terial can be much smaller. At higher frequencies the
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portions of electrically conductive material will have to
be correspondingly smaller.

[0012] Preferably said electrically non-conductive
material takes the form of a substrate on which the por-
tions of electrically conductive material are mounted.
Any suitable electrically non-conductive material may
be used; e.g. a plastics material, preferably a plastics
material with very low power loss at the antenna fre-
quency.

[0013] The electrically conductive material will usually
be a metal.

[0014] The portions of electrically conductive material
may be provided by panels of electrically conductive
material, which are electrically isolated from each other.
Usually the panels will be mounted on an insulating sub-
strate of electrically non-conductive material. The pan-
els perform the function of reflecting light from the light
source so as to project the light out of the lamp unit. The
substrate supports the panels.

[0015] The panels may be arranged in a matrix, e.g.
a plurality of square or rectangular panels arranged in
a grid. Alternatively the matrix panels may be triangular,
pentagonal, hexagonal or other shapes. The point of ar-
ranging the panels in so called "matrix" is that as the
concave surface of the optical reflective is then divided
into a plurality of segments both lengthways and width
ways, it is not possible for large currents to circulate in
the optical reflector. Iflonger panels extending the whole
width or the whole length of the optical reflector where
used then there would be more risk of circulating cur-
rents taking energy from the radio signals when they
pass through the optical reflector.

[0016] In general the panels should be configured in
a geometrical arrangement adapted to prevent the cir-
culation of currents within the optical reflector. For ex-
ample by way of a matrix or by alignment of strips par-
allel to the longitudinal extent of the antenna slot so as
to keep the strips perpendicular to the E vector as de-
scribed above. The area and orientation of the panels
is such that attenuation is minimized. The gaps between
the panels (which are electrically isolated from each oth-
er) can be kept fine enough that the optical performance
of the reflector is substantially unaffected.

[0017] Although the gaps between the panels can be
kept fine, it may still be possible for an interested ob-
server to spot the dividing lines on the concave surface
of the optical reflector. Therefore it is preferred that a
front window of the lamp unit (for allowing light to exit
the unit) has a pattern which obscures the dividing lines
between the optical reflector's panels.

[0018] One possibility is a window or lens having a
series of ridges or prisms (e.g. a fresnal lens). Such an
arrangement generally deviates the light passing
through it so that it is not possible to inspect the surface
of the optical detector. The ridges or prisms usually also
focus or concentrate the light in a particular direction.
[0019] It would also be possible for the panels to be
a plurality of thin elongate strips of conductive material,
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each strip extending all the way across the reflector; this
arrangement is effective provided the E vector of the ra-
dio waves is perpendicular to the longitudinal direction
ofthe strips. This is not always the case in the immediate
vicinity of the antenna however and the concave shape
of the reflector means that the E vector will impact upon
it at various angles. Therefore this configuration is not
as effective as the matrix of panels described above.
[0020] The panels may each be separately mounted
onto the substrate, or may be formed by scoring of an
optically reflective conductive layer that has been
mounted on the non-conductive substrate. As long as
the cuts are deep enough, extending down to the non-
conductive substrate, the separate panels of conductive
material formed by this latter method will be electrically
isolated from each other. A grid of panels can be formed
by making vertical and horizontal scores across the con-
ductive layer. Elongate strip panels can be formed by
scoring the conductive layer only in one direction - e.g.
horizontal.

[0021] As an alternative to electrically conductive
panels, the reflector may comprise a layer of metallic
paint containing metallic particles in an electrically non-
conductive binding medium (e.g. a solvent for the me-
tallic particles). The metallic particles are then electri-
cally isolated from each other by the binding medium
when the paint is dry. Typically the metallic paint will be
coated onto an electrically non-conductive substrate
forming part of the optical reflector.

[0022] Preferably the lamp unit comprises an enclo-
sure enclosing the light source, reflector and slot anten-
na. The enclosure will have a window at one end facing
the concave side of the optical reflector, so that light re-
flected by the optical reflector can pass out of the win-
dow.

[0023] Preferably the other walls of the enclosure are
coated with a conductive layer. This conductive layer
then acts as a screen that channels the radiated radio
signal in the desired direction out of the lamp unit when
the antenna is transmitting and reduces outside inter-
ference when the antenna is receiving.

[0024] Preferably the outer walls of the enclosure are
formed of a non-conductive material and the outside
surfaces of these walls are coated with a conductive ma-
terial. In this way the screen provided by the conductive
material on the outer surfaces is conveniently electrical-
ly insulated from the slot antenna which can then abut
against the inner surfaces of said walls.

[0025] Alternatively the walls of the enclosure may be
formed of a non-conductive material, but not coated with
a conductive material, i.e. it can be unscreened. This
allows radiation to pass through the walls of the enclo-
sure. While this is undesirable in vehicles which have
metal body panels, an increasing number of vehicles are
now made partially of plastics. Where the vehicle panels
(e.g. wings or bumpers) are made of a metal material,
then radiation passing through them is mostly absorbed.
In that case the only viable path for entry and exit of the
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radio signal is through the window of the lamp unit. How-
ever, where the vehicle body panels are made of a plas-
tics material, then it is possible for radiation to pass
through these panels and it can be advantageous to use
an unscreened headlamp enclosure to maximize the
transmission and reception of radiation.

Preferably any conductors in the lamp unit, espe-

cially conducting cables (e.g. the sheath of a coaxial ca-
ble connected to the antenna, or a supply cable con-
nected to the light source) lie substantially entirely in the
plane in which the longitudinal axis of the slot of the slot
antenna lies or in a plane parallel thereto. This minimiz-
es or prevents reduction of power by induction of cur-
rents in the components of the lamp unit.
[0026] Preferably any cables for supplying the light
source are provided with chokes such as helically
wound coils. This helps to reduce signal loss due to en-
ergy transmission out of the enclosure via the light
source supply cables.

Preferably the slot antenna comprises an electri-
cally conductive panel having an elongate slot in it, the
effective length of the slot being approximately an inte-
gral sub-multiple of the wavelength of the radiation with
which the antenna is to be used. The slot may be a void,
or may alternatively be filled with an electrically non-con-
ductive material; in either case it is important that it is
non-conductive.

[0027] The slot antenna may conveniently take the
form of a substrate panel of non-electrically conductive
material and a layer of electrically conductive material
coated or mounted on to one face of the substrate, an
elongate slot being formed in the conductive layer.
[0028] The non-electrically conductive material of the
substrate panel should have a low power factor (internal
power loss) at the antenna frequency. It may have a slot
cut away at a location corresponding to the elongate slot
of the conductive layer. If the substrate panel has a slot
in this manner then the antenna is likely to be more ef-
fective and have sharper tuning than the case would be
if it does not. Whether or not that substrate panel has a
slot corresponding to the slot of the electrically conduc-
tive layer can be chosen depending on the frequency
range of the transmissions which are to be used.

Preferably the slot antenna has a coaxial feed ca-
ble the central conductor of which is connected to one
longitudinal edge of the slot of the antenna and the
screen of which is connected to the other longitudinal
edge of the slot opposite the first connection.

[0029] Preferably the feed cable connection to the slot
is made in such a way that the feed line is non-resonant
at the operating frequency and is matched to the imped-
ance of the antenna independently of the length of the
feed cable.

[0030] Preferably the antenna has means for attach-
ing its conducting panel to the structure of the vehicle
(e.g. the lamp unit) in such a manner that vertical polar-
isation of the electric vector of the radiation is achieved
when the longitudinal axis of the non-conducting region
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(the slot) is substantially horizontal.

[0031] Preferably the slot of the substrate panel is in
the form of a parallel-sided slot, a dumb bell slot, or a
rectangular notch cut into the edge of the substrate pan-
el.

[0032] Preferably the antenna's substrate panel is in
the form of a folded rectangular slot.

[0033] The lamp unit may also comprise a radio wave
reflector element located closely adjacent the side of the
slot antenna which faces away from the convex side of
the optical reflector. The radio wave reflector element
then acts to reflect the signal radiated on that side of the
slot antenna, thereby to augment the signal radiated in
a desired direction (e.g. through the window of the lamp
unit). The reflected signal may pass through the antenna
slot and, in some cases, also around the edges of the
antenna panel and the optical reflector assembly. The
radio wave reflector element may be insulated from the
antenna by insulating pillars, insulating walls of the lamp
unit enclosure or other means.

[0034] The radio wave reflector element may take the
form of a conductive panel and preferably has at least
one dimension greater than the conductive panel of the
slot antenna. If a solid conductive panel is used as the
radio wave reflector element then it is best placed a dis-
tance of the order of one quarter of the wavelength of
the signal radiated by the antenna away from the anten-
na. This ensures that a significant quantity of radiation
is reflected. However, if instead of a solid panel a tuned
resonator, e.g. a conductive panelwith aslotinit, is used
instead then it can be placed closer to the slot antenna
and the lamp unit can be made more compact. This ap-
proach is discussed below under the second aspect of
the present invention. Preferably the conductive panel
is planar.

[0035] Preferably the lamp unit is part of a vehicle
tracking system. Preferably the system includes means
for determining the position of the vehicle from received
radio waves (e.g. global positioning system signals
which may be received by a GPS antenna mounted on
the vehicle), means for producing vehicle position data
signals based on the received radio waves and means
(e.g. a slot antenna) for communicating said vehicle po-
sition data signals to a base tracking station.

[0036] Preferably the system comprises a plurality of
antennas (each of which may be located in a different
lamp unit) and the antennas are electrically balanced
and matched such that in the event of one antenna being
disabled the other antenna or the remainder of the an-
tennas are capable of continuing to function.

[0037] In general it has been found to be convenient
to use slot antennas in vehicle tracking systems. This is
because slot antennas can easily be integrated into the
existing framework of the vehicle, are easily concealed
and can be cheap to manufacture. When a slot antenna
is used it is desirable to have a radio wave reflecting
element opposite one face of the slot antenna, so as to
direct the radiation in the desired direction (and to
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screen background radiation when in the receiving
mode).
[0038] One possible solution is to use a conductive
panel as the radio wave reflecting element. However,
this has the disadvantage that such a panel needs to be
positioned about one quarter wavelength of the frequen-
cy of the radio waves to be used away from the slot an-
tenna if it is to function at its best. This can cause the
antenna system to take a great deal of space. The
amount of space used is an important consideration
when the slot antenna is concealed in a lamp unit, but
also in other situations when the slot antenna is posi-
tioned in another part of the vehicle. In general the small-
er the antenna system is the easier it will be to conceal.
[0039] Therefore, the radio wave reflecting elementin
preferably a tuned resonator in the form of a conductive
panel having an elongate slot. The tuned resonator may
be tuned to approximately the resonant frequency of the
slot antenna; in fact it may have the same physical di-
mensions and be made of the same material as the slot
antenna, but will differ in that it is not connected to any
conducting leads for transmitting/receiving a signal.
When a tuned resonator is used as the radio wave re-
flecting element, it can be placed closer to the slot an-
tenna. This is possible because the phase of the current
induced in the tuned resonator compared to a solid con-
ductive reflector panel may be altered by selecting or
adjusting the tuning of the resonator appropriately. In
general the resonant frequency of the tuned resonator
will not differ from the signal frequency (or the resonant
frequency of the slot antenna) by more than 20%. In this
case the tuned resonator may be placed at a distance
less than one quarter wavelength of the resonant fre-
quency of the slot antenna behind the slot antenna. Pref-
erably the slot antenna and the tuned resonator are par-
allel to each other. Preferably they are spaced apart by
a distance such that, in use, a signal transmitted from
the slot antenna interferes constructively at the lamp
unit's window with radiation reflected back through or
around the slot antenna by the tuned resonator.

A second aspect of the present invention provides
a slot antenna system for use in a vehicle radio commu-
nication system, comprising an electrically conductive
panel adapted to be carried by or to form part of the
structure of the vehicle, the panel having an elongate
slot in it the effective length of which is approximately
an integral sub-multiple of the wavelength of the radia-
tion with which the antenna system is to be used, a co-
axial feed cable the central conductor of which is pref-
erably connected to one longitudinal edge of the slot and
the screen of which is preferably connected to the other
longitudinal edge of the slot opposite the first connec-
tion, the feed cable connection to the slot is preferably
made in such a way that the feed line is non-resonant
at the operating frequency and is matched to the imped-
ance of the antenna independently of the length of the
feed cable, there being an electrically conductive radio
wave reflector element for reflecting radio waves locat-
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ed closely adjacent one side of the conductor panel and
spaced apart from the said conductor panel such that
said reflector element acts to reflect the signal radiated
on that side of the conductive panel so as to augment
the signal radiated in a desired direction; said radio
wave reflector element taking the form of a conductive
panel having a slot (i.e. an aperture) in it.

[0040] Preferably the slot is of such dimensions that
the reflector element is tuned to produce a strong reflec-
tion towards the slot antenna at the frequencies used by
the slot antenna for transmission and/or reflection of sig-
nals.

[0041] Inotherwords the radio wave reflector element
is a tuned resonator, tuned to approximately (within 20%
of) the resonant frequency of the slot antenna.

[0042] As the radio wave reflector element is a tuned
resonator, it can be placed closer than one quarter
wavelength of the radiated radio waves to the slot an-
tenna and still reflect a significant portion of the radio
waves. Thus, the tuned resonator allows a compact an-
tenna system to be made. Preferably the tuned resona-
tor is placed closer than one quarter wavelength of the
radiated radio waves to the slot antenna.

[0043] Preferably the radio wave reflector element is
spaced from the slot antenna at a distance such that a
radio signal transmitted from the slot antenna interferes
constructively with a signal reflected back through or
around the slot antenna by the radio wave reflector el-
ement, at a window of a lamp unit in which they are en-
closed.

[0044] Preferably the radio wave reflector element
comprises a conductive panel having a slot. The slot
may be a void or may be filled with a non-conductive
material. Preferably the conductive panelis mounted on
a non-conductive panel. The conductive panel may be
e.g. made of metal foil, the non-conductive panel e.g. of
a plastics material.

[0045] Preferably the system of the second aspect of
the invention forms part of a vehicle tracking system.
[0046] The arrangement according to the second as-
pect of the invention may be used in the first aspect of
the invention as mentioned above. In that case the use
of a tuned resonator as a radio wave reflector element
behind the convex side of the optical reflector allows the
lamp unit to be compact while effectively directing radio
waves in the desired direction.

[0047] Athird aspect of the presentinvention provides
a lamp unit for a vehicle comprising a light source, a
window through which the light is to be directed, and
between the window and the light source a slot antenna
the slot of which is aligned with said light source so that
in use light from the light source passes through the slot
of the slot antenna and out of the window.

[0048] Inthis way the slot antennaiitself is convenient-
ly integrated into the structure of the lamp unit and forms
a functional part thereof, in addition to its radio wave
receiving and transmitting role. Thus, a compact lamp
unit having a slot antenna can be formed.



9 EP 1 501 154 A1 10

[0049] The above configuration is particularly useful
when the light source comprises a row of LED's as the
LED's can then easily be aligned with the antenna slot.
[0050] The slot antenna in the lamp unit according to
the third aspect of the invention may be part of an an-
tenna system according to the second aspect of the in-
vention. In that way the lamp unit can be kept compact
while radio waves are directed in the desired direction
by the radio wave reflecting element (the tuned resona-
tor).

[0051] The tuned resonator may comprise a conduc-
tive layer mounted on a non-conductive (and preferably
low power factor) substrate as described above for the
slot antenna under the first aspect of the invention. The
substrate may optionally have a corresponding slot also
as described above.

The lamp unit preferably forms part of a vehicle.
[0052] The third aspect of the present invention may
be provided (e.g. as back lights) in a vehicle having one
or more lamp units according to the first aspect of the
present invention (e.g. as front lights).

[0053] Inthe above aspects of the invention there may
be provided a means for varying the resonant frequency
of the antenna and/or the radio wave reflecting element.
[0054] In general the slot of a slot antenna has a
length of approximately half a wavelength of the signal
which it transmits. Tuning of a slot antenna may be ef-
fected by adjusting the slotlength and, to a lesser extent,
by adjusting the slot width. Where a slot antenna is used
together with a tuned resonator (as a radio wave reflec-
tor element) then in general the tuned resonator is slight-
ly off-tune with respect to the slot antenna and as a re-
sult, a phase relationship between the two can be var-
ied. This difference in phase enables the separation be-
tween the slot antenna and the tuned resonator to be
varied. If a solid conducting sheet is used as a radio
wave reflector element instead of a tuned resonator,
then a phase change of 180° occurs on the reflection
and the separation between the slot antenna and the
solid conducting sheet should normally be a quarter
wavelength for optimum reinforcement of the radiated
signal in the forward direction.

[0055] Embodiments of the present invention will now
be described with reference to the accompanying draw-
ings in which:

Fig. 1 is a schematic plan of an antenna system;
Fig. 2 is a schematic front view of a slot antenna for
use in a first embodiment of the present invention;
Fig. 3 is a cross-sectional view of a lamp unit ac-
cording to a first embodiment of the present inven-
tion;

Fig. 4 is a front view of an optical reflector compris-
ing a plurality of electrically conductive panels for
use in the first embodiment of the present invention;
Fig. 5 is a front view of a tuned resonator for use in
the first embodiment of the present invention;

Fig. 6 is a front view of a second embodiment of the
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present invention;

Fig. 7 is a cross-sectional view of the second em-
bodiment of the present invention;

Fig. 8 is a front view of a tuned resonator for use in
the second embodiment of the present invention;
Fig. 9 is a schematic plan of an antenna system for
use in a large haulage vehicle;

Fig. 10 is a schematic plan of an antenna system
for use in an articulated haulage vehicle; and

Fig. 11 is a schematic diagram of a headlamp unit
which does not have a radiation screen around its
outer walls.

[0056] The proposed vehicle radio communication
system involves the use of two antennas, each con-
tained within a headlamp, rear lamp or tail lamp unit of
a vehicle. In order to be sure that all transmission was
suppressed, a thief would have to screen all possible
antenna enclosures with conducting foil and conse-
quently five screens would be necessary. Screening of
this type would render the vehicle conspicuous during
daylight and make driving impossible at night.

[0057] Fig. 1 is a schematic view of a vehicle radio
communication system for receiving and transmitting ra-
dio waves containing information relating to the position
of the vehicle. Mobile Control Unit 1 receives a location
signal from GPS antenna 2 and communicates the de-
tails to a tracking base station via the slot antennas 4
and 5 each of which is positioned in a respective lamp
unit of the vehicle. The antennas 4 and 5 are fed from
the same source via a T-junction splitter unit 3 with suit-
able impedance matching. Fig. 1 shows the arrange-
ment of the connections to the antennas 4 and 5 from
the T-junction 3. The coaxial feed cables 6 and 7 from
the T-junction to the antennas are required to be equal
to each otherin length and also to be equal to anintegral
number of half wavelengths of the operating signals
within the coaxial feed cables 6 and 7.

[0058] The first criterion ensures that the modulated
signals radiated from the antennas 4 and 5 are in phase,
the second criterion ensures that each length of the co-
axial feed cables 6 and 7 acts as a 1:1 transformer and
that the impedance presented by each length of the ca-
ble at the T junction is equal to the impedance of the
respective antennas 4 and 5. If the connection of an an-
tenna is severed, either accidentally or as the result of
a deliberate attempt at damage, then the impedance of
the severed connection will become infinite. Conse-
quently the impedance presented by the opposite end
of the damaged cable at the T junction will also be infinite
and the remaining half of the system will continue to op-
erate, albeit, with some mismatch, at the T junction. If
the second criterion were not satisfied, an infinite imped-
ance at the connection to the antenna created by sev-
ering the cable could result in a negligible impedance at
the T junction and render the second antenna inopera-
tive also.

[0059] Ideally the characteristic impedance of cables
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6 and 7 should be twice the characteristic impedance of
cable 1a between the mobile control unit 1 and the junc-
tion splitter unit 3.

[0060] Turning now to each lamp unit, a slot antenna
for transmitting and/or receiving radio waves is posi-
tioned within the body of each lamp enclosure. The con-
struction of the slot antenna is illustrated in Fig. 2.
[0061] The slot antenna is formed by cutting a slot 8
in an insulating panel 9, the material of which has a low
power factor at the frequency of the transmission. In this
embodiment the slot 8 is an empty void and this ensures
that the field of the E vector of the radiated wave travels
through free space and is not diminished by the pres-
ence of insulating material of relatively high permittivity
between the upper and lower edges of the slot. The slot
8 has an effective length which is approximately an in-
tegral sub-multiple of the wavelength of the radiation
with which the antenna system is to be used.

[0062] Conducting foil 10is attached to the entire area
of the panel 9 with the exception of the slot 8. The signal
to be transmitted is fed to the slot antenna via a supply
cable: coaxial cable 11 which terminates in two separate
leads 12. The leads 12 diverge and are attached to the
upper and lower edges of the slot respectively as shown
in Fig. 2. In this way the central conductor of the coaxial
feed cable is connected to one longitudinal edge of the
slot 8 and the screen of the coaxial feed cable is con-
nected to the other longitudinal edge of the slot 8 at a
location opposite the first connection.

[0063] In order to avoid standing waves in the coaxial
cable, the antenna impedance is matched to the imped-
ance of the coaxial cable. Matching can be achieved by
the adjustment of "X", the distance between the end of
the slot 8 and the points of connection 13 of the leads
12 to the slot 8, and by alteration of the length "d" of the
divergent leads 12. The antenna impedance varies with
the point 13 selected for connection and the divergent
leads act as an impedance transformer. In this way it is
ensured that the feed line is non-resonant at the oper-
ating frequency and is matched to the impedance of the
antenna independently of the length of the feed cable.
[0064] Fig. 3 shows a cross-sectional side view of a
headlamp unit according to the first embodiment of the
present invention. The headlamp unit comprises a light
source in the form of electrical lamp 50 and a slot an-
tenna 8, 9, 10 both enclosed in an enclosure 15, 16, 55.
A curved optical reflector 14 is positioned between the
light source 50 and the slot antenna 8, 9, 10; it has a
concave side adjacent the light source for reflecting light
out of a window 55 at the front end of the enclosure and
a convex side behind which the slot antenna 8, 9, 10 is
positioned. In this way the slot antenna is concealed.
[0065] The slot antenna comprises an insulating pan-
el 9 having an antenna slot 8 and electrically conducting
metal foil 10 that is mounted on and covers the face of
the insulating panel 9 except for slot 8, as described
above. A coaxial feed cable (B) is connected to the an-
tenna, as described above for supplying and/or receiv-
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ing a signal to or from the slot antenna. The coaxial feed
cable (B) lies in a horizontal plane enclosing the central
axis of the lamp unit antenna assembly. This horizontal
plane also contains the axis of the slot of the slot anten-
na.

[0066] In conventional modern headlamp system the
reflector consists of an insulating body with a metallic
reflecting film. If an unmodified reflector of this type were
to be used in the current assembly, then the signal from
the antenna would cause currents to be induced in the
metal coating of the optical reflector. As a result, severe
attenuation of the transmitted signal from the antenna
would occur. Consequently, it is necessary to modify the
optical reflector so as to cause negligible attenuation of
aradiated signal passing through it without impairing the
operation of the optical system.

[0067] This is achieved by dividing the surface area
of the optical reflector 14 into a plurality of portions of
electrically conductive material for reflecting light from
the light source 50 out of the lamp unit. The portions of
electrically conductive material are electrically isolated
from each other and induction of electric currents in the
reflector is thus limited or prevented.

[0068] Inthe present embodiment the optical reflector
14 comprises an electrically conductive (metal) surface
layer mounted on an electrically insulating (non-conduc-
tive) substrate. The metal layer is divided into a plurality
of rectangular panels 60, approximately 1cm high x 2cm
wide and arranged to form a grid as shown in Fig. 4. The
panels 60 are electrically isolated from each other by
the divisions (gaps) between them and supported by the
insulating substrate. The function of the divisions be-
tween the panels is to prevent the vertical electric vector
of the electromagnetic wave from inducing a current in
the optical reflector. A scratch on the reflecting metal
surface, provided it is deep enough to reach the insulat-
ing substrate, is sufficient to prevent the induction of cur-
rents in the reflector. The optical reflector 14 thus results
in negligible attenuation of an electromagnetic wave
transmitted through it. The pattern formed by the divi-
sions between the panels 60 of the optical reflector 14
can be concealed by a ribbed structure in the lamp unit
window 55. The circles C and D in Fig. 4 represent the
location of the headlamp bulbs.

[0069] The conductors within the lamp unit, for exam-
ple the sheath of a coaxial cable (B) within the lamp en-
closure and the supply cable (A) for the headlamp bulb
50, lie entirely in a horizontal plane. If this condition was
not satisfied, the vertical E field of the electromagnetic
wave would induce a current in the conductor and the
power radiated would be diminished.

[0070] The loss of energy from the lamp enclosure via
the lamp supply leads can be reduced by the provision
of chokes (not shown) consisting of helically wound coils
in the supply leads (A) at the point of entry to the enclo-
sure.

[0071] The headlamp enclosure shown in Fig. 3 has
non-conducting (e.g. a plastics material) walls 15, 16 the
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outer surfaces of which are coated with a conducting
layer (e.g. a metal layer) to channel the radiated radio
wave signal in the desired direction; in this case the di-
rection of the central axis. In effect the outer conducting
layer forms a screen and this screen is insulated from
the slot antenna 8, 9, 10 by the insulating material of the
enclosure walls 15, 16.

[0072] Approximately half the (radio wave) energy ra-
diated by the slot antenna 8, 9, 10 is directed towards
the rear of the headlamp enclosure (i.e. towards wall
15). A significant proportion of the energy is reflected
back towards the front of the headlamp by a radio wave
reflecting element in the form of tuned resonator 17 po-
sitioned between the slot antenna and the back wall 15
of the lamp unit.

[0073] InFig. 3 the conducting enclosing on the outer
surfaces of the walls 15, 16 channel the radiated signal
in the direction of the central axis. This prevents radia-
tion passing into the conducting enclosure formed by the
inner surface of the metal car wing; as such radiation
would essentially be trapped inside the car. This radia-
tion would not play any part in communication with the
distant receiving antenna and would consequently be
wasted. The screen formed by the conducting layers
has the additional advantage that the receiving signal
from the distant transmitting antenna would be protect-
ed from locally generated interference, such as the en-
gine ignition system and any cables buried beneath the
road surface. However, it is becoming increasingly com-
mon for vehicles to have body panels which are formed
of plastics material. In this case it becomes desirable for
the lamp to be unscreened, that is it is better not to coat
the outer surfaces of the lamp unit enclosure with a con-
ducting layer. When there is no external screen, the ra-
diation is able to pass through the sides of the lamp en-
closure and contributes to the signal radiated towards
the distant receiver as itis able to pass through the plas-
tics material wings of the vehicle. Alternatively it would
be possible to have an external screen over only a part
of the outer surface of the lamp enclosure. The modified
lamp, without an external screen or with only a partial
screen over a limited area of its outer surface would
have, for example, the following applications:

(a) a headlamp mounted in a vehicle with plastics
wings;

(b) a fog lamp mounted within the plastics bumper
of a vehicle;

(c) a fog lamp mounted on a bar above the bumper
of a vehicle;

(d) ared fog lamp mounted at the rear of the vehicle
as an additional rear light within a plastics rear
bumper.

[0074] The effect of locally generated interference
could be reduced by attaching a partial screen to the
outer surface of the lamp enclosure or, alternatively by
mounting a screen some distance away from the lamp
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enclosure.

[0075] An alternative arrangement of a lamp enclo-
sure and slot antenna without a screen is shown in Fig.
11. The figure shows a side view of the lamp with the
axis of the slot antenna 3 perpendicular to the plane of
the paper.

[0076] The lamp window is indicated by 55.

[0077] The plastics walls of the lamp enclosure are
transparent to the radiation from the antenna and are
indicated by 200. The slot antenna is indicated by 9.
[0078] A radiowave reflecting element for reflecting of
the radiation towards the lamp window is indicated by
17. The element 17 could be a plane conducting sheet
mounted parallel to the plane of the antenna at distance
of a quarter wavelength from it. In this case, the virtual
image 700 of the slot antenna is as far behind the radio
wave reflecting element as the slot antennais in front of
it as shown in the diagram. Alternatively, the radio wave
reflecting element could be in the form of a tuned reso-
nator.

[0079] Part of the reflected radiation will pass through
the walls of the enclosure as shown by the arrows 500.
[0080] Part of the radiation from the antenna will pass
through the walls of the enclosure as shown by arrows
600.

[0081] A front view of a tuned resonator is shown in
Fig. 5. The tuned resonator in this embodiment compris-
es a metal foil 17 attached to a non-conducting panel
17a (not seen in Fig. 5), of low power factor at the fre-
quency in use, and the metal foil 17 has a slot enclosing
an area 18 of the panel. It is, in effect, a slot antenna
tuned to a frequency determined by the dimensions of
the area 18 which are adjusted to give a strong reflection
towards the front (i.e. towards the window 55) of the
headlamp enclosure.

While a radio wave reflecting element consisting
simply of a rectangular conducting sheet could be used
instead of a tuned resonator, if a simple reflecting sheet
was used the distance from the slot antenna to the radio
wave reflecting element would need to be approximately
a quarter wavelength of the radiation transmitted. The
use of a tuned resonator enables this separation to be
reduced. The tuned resonator is also selective in its re-
sponse and consequently the antenna system is less
susceptible to interference when acting as a receiver.
[0082] Use of a tuned resonator has been found to
increase the slot antenna output. In one experiment the
slot antenna output was found to increase by 130%
compared to the output with the tuned resonator re-
moved. The details of this experiment are as follows:

frequency of transmitter 911.6 MHz

antenna slot dimensions: 15.3 cm x 1.65 cm
resonator slot dimensions: 9.1 cm x 6.4 cm
separation of slot antenna and resonator: 6.5 cm or
0.2 x wavelength

[0083] The antenna slot dimensions set out above
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have been found to give good results. A wide slot tends
to present problems with the spacing of the tapered
transmission line. The tuned resonator is, in effect, a
parasitic antenna receiving power from the driven an-
tenna (the slot antenna) and it does not require any form
of connection to a coaxial cable. In general, a significant
range of adjustment is possible as a consequence of the
many variables involved in the design.

[0084] While in the above embodiment the optical re-
flector is divided into a plurality of electrically conductive
portions by mounting metal panels or scoring a metal
layer mounted on an insulating substrate, a similar result
could be achieved by applying metallic paint to the non-
conducting surface of the insulating substrate instead.
Metallic paint consists of conducting metallic particles
in a binding medium. When the paint is dry the metallic
particles are insulated from each other and consequent-
ly circulating currents do not occur in the reflector sur-
face.

[0085] A second embodiment of the presentinvention
will now be described. Many motor vehicles have a stop
lamp unit consisting of a series of light emitting diodes
arranged in a horizontal line and mounted behind a rear
window of the unit. It is envisaged that the second em-
bodiment of the present invention will be particularly
suitable for use with this type of lamp unit.

Fig. 6 is a front view of a lamp unit of the above
type modified to act also as a slot antenna for use in
vehicle radio communication system as described
above. An array of light emitting diodes 21 is mounted
immediately behind an antenna slot 19 of a slot antenna.
The light emitting diodes (LEDs) are aligned with the slot
19 of the slot antenna so that light from the LEDs is di-
rected through the slot 19. The slot 19 is cut in a panel
of non-conducting material and conducting metal foil 20
is attached to the area of the panel surrounding the slot
19. The slot antenna is fed and the impedance is adjust-
ed in the manner described above for the first embodi-
ment.

[0086] Fig. 7 shows a side view of the lamp unit of the
second embodiment. An enclosure 23 formed of insu-
lating material encloses the row of light emitting diodes
21 which are carried on a non-conducting strip 22
mounted immediately behind the slot 19 of a slot anten-
na. The slot antenna is formed within one wall of the
enclosure 23. The supply cable (A) for the diodes and
the coaxial feed cable (B) for the antenna lie in a hori-
zontal plane passing through the central axis of the lamp
unit enclosure 23.

[0087] Radio waves from the slot antenna which trav-
el towards the rear of the enclosure (i.e. towards the rear
wall 70) are reflected by a tuned resonator 24 as de-
scribed above for the first embodiment. The tuned res-
onator 24 is positioned between the slot antenna and
the rear wall 70 of the enclosure 23 as described above
for the first embodiment. Preferably its spacing from the
slot antenna is less than % wavelength of the radiation
frequency used by the antenna.
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[0088] The external surface of the insulating enclo-
sure 23 is covered by a conducting layer 101 in order to
confine the radiation in the direction of the lamp axis.
[0089] Fig. 8 illustrates the construction of the tuned
resonator. Metal foil 25 is attached to an insulating panel
25a (not seen in Fig. 8 which is a front view) with the
exception of slot area 26 where there is no foil. The res-
onator therefore acts as a slot antenna and is tuned to
give a strong reflection at the transmission frequency.
Alternatively, insulating material could be removed from
the slot area 26 to create a void. This would result in a
resonator of higher 'Q" with sharper tuning than the pre-
vious arrangement.

[0090] In the above embodiments the coaxial lines
used to connect the antennas to the transmitter are un-
balanced lines. The antennas described above would
tend to act as a balanced load and the arrangements
described therefore should be understood to include
where necessary the introduction of an unbalanced-to-
balanced transformer or balun between the coaxial lines
and the antenna.

[0091] The arrangements described above are suita-
ble for application to motorcars and slightly larger vehi-
cles. However, the antenna system could also be fitted
to large haulage vehicles, including articulated vehicles
consisting of a tractor and coupled trailer. While the an-
tenna(s) would be mounted in the lamp unit(s) as de-
scribed above, the connection of the antenna and the
configuration of the system may require some adjust-
ment due to the greater distances involved. For exam-
ple, in these cases the stop lamp unit would probably
be mounted at the highest point at the back of the truck
or trailer.

[0092] This arrangement would require a rear coaxial
connection cable of considerable length and this would
result in significant attenuation of the signal radiated
from the rear of the vehicle. In these applications the
rear lamp unit would include a radio frequency amplifier
to maintain the radiated signal strength. The amplifier
would be powered from the vehicle low voltage dc power
supply and, by the use of appropriate radio frequency
filters, the dc supply could be conveyed to the amplifier
over the coaxial connection system.

[0093] The general arrangement for a large haulage
vehicle system is illustrated by Fig. 9.

[0094] The front headlamp antenna 4 is connected to
the junction splitter unit 3, in the manner previously de-
scribed, via coaxial cable 6. The second coaxial cable
30 leads to the rear stop light assembly of the vehicle
33 which contains the amplifier to compensate for the
attenuation of the transmitted signal along the cable 30.
[0095] The following criterion should be applied in this
modification of the original system:

[0096] The leads 6 and 30 should be of such a length
that they contain an integral number of half wavelengths
of the operating signal within the transmission lines. This
requirement, which is described in GB patent number
2341504, ensures that one antenna would continue to
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operate if the coaxial cable to either antenna is severed
at the lamp assembly.

[0097] Fig. 10 illustrates the arrangement for an artic-
ulated vehicle consisting of a tractor and coupled trailer.
[0098] The front headlamp antenna is connected to
the junction splitter unit 3 via a coaxial cable 6. The sec-
ond coaxial cable 31 leads to a coaxial interconnector
27 between the tractor and trailer of the articulated ve-
hicle. The coaxial cable 32 travels along the trailer to
the rear light assembly and amplifier unit 33.

[0099] The following criteria should be applied in this
modification of the original system:

[0100] The leads 6 and 31 should be of such a length
that they contain an integral number of half wavelengths
of the operating signal within the transmission lines. This
requirement, which is described in GB patent number
2341504, ensures that the front headlamp antenna
would continue to operate if the connection between the
tractor and trailer were broken at the point 27 in order
to move the tractor without its associated trailer.
[0101] The coaxial cable 32 between the connector
27 and the rear lamp assembly should contain an inte-
gral number of half wavelengths of the operating signal
to ensure that the headlamp antenna will continue to op-
erate if the coaxial cable is severed at the stop lamp
assembly.

[0102] The coaxial cable interconnector between the
tractor and trailer should be part of a multiple connector
carrying the power supplies to the trailer. This arrange-
ment will ensure that it is not possible to break the an-
tenna connection without disrupting all the trailer power
supplies.

[0103] Both the arrangements described above will
result in a time delay between the signals radiated from
the front and rear antennas. With the cable lengths in-
volved, the time delay is extremely short. In the unlikely
event that the delay causes problems with transmission
on a cellular network, the cables from the junction split-
ter unit to both antennas may be made equal in length,
suitable amplification would then be required for both
the front and rear antennas.

[0104] In all of the above embodiments slot antenna
are used. Generally the slot antenna comprises a slot
cut in a (preferably rectangular) conducting panel. Usu-
ally the conducting area surrounding the slot (which is
a void or filled with non-conductive material, in either
case being a non-conductive region of the antenna) is
of the order of ten times the area of the slot. In order to
produce vertically polarised radiation the antenna
should be positioned with the slot substantially horizon-
tal.

Claims
1. Alamp unit for a vehicle comprising a curved optical

reflector having a convex side and a concave side
for reflecting light out of the lamp unit, a light source
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positioned adjacent to the concave side of the opti-
cal reflector, and a slot antenna positioned opposite
the convex side of the optical reflector for transmit-
ting and/or receiving radio waves, the concave side
of the optical reflector comprising portions of elec-
trically conductive material for reflecting light out of
the lamp unit, said portions of electrically conduc-
tive material being electrically isolated from each
other so as to limit induction of electrical currents in
the reflector, the optical reflector further comprising
an electrically non-conductive material for support-
ing or holding together said portions of electrically
conductive material.

2. Alamp unit according to claim 1 wherein the reflec-

tor comprises a layer of metallic paint containing
metallic particles in an electrically non-conductive
binding medium.

3. Alamp unit according to claim 1 wherein said elec-

trically non-conductive material takes the form of a
substrate and the portions of electrically conductive
material are a plurality of panels of electrically con-
ductive material mounted on the substrate.

4. Alamp unit according to claim 3 wherein the panels

are arranged in a matrix or wherein the panels are
in the form of elongate strips aligned parallel to the
longitudinal extent of the antenna slot so as to keep
the strips perpendicular to the E vector of transmit-
ted or received radiation.

5. Thelamp unit of any one of the above claims where-
in the lamp unit comprises an enclosure enclosing
the light source, optical reflector and slot antenna,
having a window at one end facing the concave side
of the optical reflector, so that light reflected by the
optical reflector can pass out of the window.

6. The lamp unit of claim 5 wherein the outer walls of

the enclosure are formed of a non-conductive ma-
terial.

7. Thelamp unit of claim 6 wherein the outside surfac-

es of said walls are coated with a conductive mate-
rial.

8. The lamp unit of any one of the preceding claims

wherein the conducting cables of the unit lie sub-
stantially entirely in the plane in which the longitu-
dinal axis of the slot of the slot antenna lies orin a
plane parallel thereto.

9. The lamp unit of any one of the preceding claims

wherein cables for supplying electricity to the light
source are provided with chokes.

10. The lamp unit of any one of the preceding claims
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wherein the slot antenna has a coaxial feed cable
the central conductor of which is connected to one
longitudinal edge of the slot of the antenna and the
screen of which is connected to the other longitudi-
nal edge of the slot opposite the first connection,
the connection points being chosen such that the
feed line is non-resonant at the operating frequency
of the antenna and is matched to the impedance of
the antenna.

The lamp unit of any one of the preceding claims
further comprising a radio wave reflector element
located adjacent the side of the slot antenna which
faces away from the convex side of the optical re-
flector.

The lamp unit of claim 11 wherein the radio wave
reflector elementis a conductive panel substantially
parallel the plane of the slot antenna and spaced
apart from the slot antenna by a distance approxi-
mately one quarter wavelength of the resonant fre-
quency of the slot antenna.

The lamp unit of claim 11 wherein the radio wave
reflector element is a resonator in the form of a con-
ductive panel having a slotinit, said resonator being
tuned to resonate at a frequency not differing by
more than 20% from the resonant frequency of the
slot antenna.

A slot antenna system for use in a vehicle radio
communication system, comprising an electrically
conductive panel adapted to be carried by or to form
part of the structure of the vehicle, the panel having
an elongate slot in it, the effective length of which
is approximately an integral sub-multiple of the
wavelength of the radiation with which the antenna
system is to be used, a coaxial feed cable the cen-
tral conductor of which is connected to one longitu-
dinal edge of the slot and the screen of which is con-
nected to the other longitudinal edge of the slot op-
posite the first connection, the feed cable connec-
tion to the slot is made in such a way that the feed
line is non-resonant at the operating frequency and
is matched to the impedance of the antenna inde-
pendently of the length of the feed cable, there be-
ing an electrically conductive radio wave reflector
element for reflecting radio waves located adjacent
one side of the conductive panel and spaced apart
from the said conductive panel such that said re-
flector element acts to reflect the signal radiated on
that side of the conductive panel so as to augment
the signal radiated in a desired direction; said radio
wave reflector element taking the form of a conduc-
tive panel having a slot in it.

A lamp unit for a vehicle comprising a light source,
a window through which the light is to be directed,
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and between the window and the light source a slot
antenna the slot of which is aligned with said light
source so that in use light from the light source
passes through the slot of the slot antenna and out
of the window.

A lamp unit according to claim 15 wherein the light
source comprises a row of LEDs aligned with the
slot of the slot antenna.

A vehicle tracking system comprising a lamp unit
according to any one of claims 1 to 13 or 15 to 16
or a system according to claim 14, wherein the ve-
hicle tracking system comprises means for deter-
mining the position of the vehicle from radio waves,
means for producing vehicle position data signals
based on the received radio waves and means for
causing said slot antenna to communicate said ve-
hicle position data signals to a base tracking station.

A lamp unit according to claim 14 wherein said re-
flector element is a resonator tuned to resonate at
a frequency not differing by more than 20% from the
resonant frequency of the slot antenna.
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Fig. 2
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Fig. 5
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Fig. 6
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Fig. 8



EP 1 501 154 A1

6 b

L

~

1INN
- 104INOD
37I90W
€
f
LINA
¥3LLNdS
mm NOILONNP b
-
¥314dINY 0€
© VNNILNY
ONY YNNILNY dINYT INOYA

dWVT HY3d

20



EP 1 501 154 A1

0l Bi4

L
-~

LINA
- 10ULNOD
390N
¢
f
TINA
43L11dS
o NOILONNI .
NEEREL A% L¢ L€ 9
b A | yNNaLNY
ONY YNNILNY ) Y7 INO¥A

dNV1 ¥Y3Y

21



EP 1 501 154 A1

004

00S
002 009
\\_\ = \1
o
L1 S5
o
~ /

22



EPO FORM 1503 03.82 (P04CO01)

EP 1 501 154 A1

0’) f)‘f"’i::"““ Paten!  EUROPEAN SEARCH REPORT

Application Number

EP 04 25 4393

DOCUMENTS CONSIDERED TO BE RELEVANT
Catego Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
sory of relevant passages to claim APPLICATION (Int.CL7)
Y WO 99/21247 A (JOHNSON GREG ; RANGESTAR 1-13,17 | HO1Q1/32
INTERNATIONAL CORP (US)) H61Q13/10
29 April 1999 (1999-04-29) H01Q1/44
* the whole document * HO1Q15/00
--- H01Q1/38
Y EP 0 343 813 A (PLESSEY OVERSEAS) 1-13,17
29 November 1989 (1989-11-29)
* the whole document *
Y WO 03/023900 A (FRACTUS S A ; PUENTE 14,18
BALIARDA CARLES (ES); QUINTERO ILLERA
RAMIRO (ES)) 20 March 2603 (2003-03-20)
* page 2, line 26 - line 31 *
* page 4, line 17 - line 24 *
* page 7, line 9 - line 10; figure 9 *
Y US 5 446 470 A (AVIGNON BRUNO ET AL) 15,16
29 August 1995 (1995-08-29)
* the whole document *
D,Y |GB 2 352 334 A (ASG TECHNOLOGY LTD) 14—16,1% TECHNICAL FIELDS
24 January 2001 (2601-01-24) got.0L7)
A * the whole document * 1,15 HO1Q
D,A |GB 2 341 504 A (ASG TECHNOLOGY LIMITED) 1-18
15 March 2000 (2000-03-15)
* the whole document *
The present search repott has been drawn up for all claims
Place of search Date of completion of the seasch Examtner
The Hague 15 November 2004 Moumen, A

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O non-written disclosure

P : intermediate document

T : theory or principle underlying the invention
E : earlier patent document, but published on, or

after the filing date

D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

document

23




EPO FORM P0459

EP 1 501 154 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 04 25 4393

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

15-11-2004
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9921247 29-04-1999 AU 9808498 A 10-05-1999
WO 9921247 Al 29-04-1999
Us 5999140 A 07-12-1999
EP 0343813 29-11-1989  EP 0343813 A2 29-11-1989
us 4970634 A 13-11-1990
WO 03023900 20-03-2003 WO 03023900 Al 20-03-2003
BR 6117125 A 28-09-2004
EP 1425820 Al 09-06-2004
US 2084217916 Al 04-11-2004
US 5446470 29-08-1995 FR 2691581 Al 26-11-1993
EP 0573319 Al 08-12-1993
JP 6069708 A 11-03-1994
GB 2352334 24-01-2001 AU 4419700 A 21-11-2000
WO 0069021 Al 16-11-2000
GB 2341504 15-03-2600  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

24




	bibliography
	description
	claims
	drawings
	search report

