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1
CONTROLLER AND METHOD FOR
WIRELESS COMMUNICATION SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application claims priority from UK Patent Appli-
cation No. GB1619748.5 filed 22 Nov. 2016, the content of
all this application hereby being incorporated by reference.

TECHNICAL FIELD

The present invention relates generally to the field of
wireless communications and more specifically to a control-
ler and method for a wireless communications system.

BACKGROUND

In certain systems, wireless communications paths are
used to communicate between two discrete objects within
the system, or between two objects movably joined. In one
example system, light based communications are used. A
photo emitter is located on one object and a photo detector
is positioned on the other object. The light is transmitted
from the photo emitter in the direction of the photo detector.

It is a problem in such systems that relative movement
between the photo emitter and photo detector may cause the
emitted radiation to be emitted in a direction such that it is
not incident on the desired photo detector. This can lead to
miscommunications in the optical communications system.

In the case of a system in a vertical orientation, it may be
possible to use a mechanical gimbal and gyroscope arrange-
ment to ensure that photo emitter and photo receiver remain
substantially vertical relative to one another even if the
underlying supporting structure rotated; however, there is a
need for smaller, more efficient and simpler solution.

SUMMARY

In view of the problems in known wireless communica-
tion systems, the present invention aims to provide a con-
troller and method for such a wireless communication
system such that wireless communications are maintained
even when the emitters and receiver tilt relative to each other
in one or more axes.

In general terms, the invention introduces control to alter
the direction of emissions based on the amount of tilt or
rotation in the emitters. In this way the emissions of the
emitters are steered to the receiver even as the emitters and
receiver rotate or tilt. According to the present invention
there is provided a controller for a wireless communication
system, the wireless communication system comprising: a
plurality of emitters physically separated from each other, a
first lens through which emissions from the plurality of
emitters pass, a second lens through which the emissions
passed through the first lens pass, at least one receiver, and
a tilt sensor arranged to measure angle of tilt in at least one
dimension of the plurality of emitters. The second lens is
arranged to focus the emissions passed through the first lens
onto the at least one receiver. The controller is arranged to
determine an intensity of emission to be emitted by each of
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the plurality of emitters based on the measured angle of tilt
in at least one dimension of the plurality of emitters, such
that the emissions are incident on at least one selected at
least one receiver.

The present invention also provides a wireless commu-
nication system comprising: a plurality of emitters physi-
cally separated from each other, a first lens through which
emissions from the plurality of emitters pass, a second lens
through which the emissions passed through the first lens
pass, at least one receiver, a tilt sensor arranged to measure
the angle of tilt in at least one dimension of the plurality of
emitters, and a controller as previously described. The
second lens is arranged to focus the emissions passed
through the first lens onto the at least one receiver.

The present invention also provides a wireless commu-
nication system comprising: a first wireless communication
system as previously described, and a second wireless
communication system as previously described. The first
and second wireless communication systems are arranged to
perform bi-directional communications.

The present invention also provides a controller for a
wireless communication system, the wireless communica-
tion system comprising: a plurality of emitters physically
separated from each other, a first lens system co-located with
the plurality of emitters through which emissions from the
plurality of emitters pass, a second lens system through
which the emissions passed through the first lens system
pass, a plurality of receivers, a measurement means arranged
to measure the intensity of emissions incident on each of the
plurality of receivers, a transmission means co-located with
the plurality of receivers, and a reception means co-located
with the plurality of emitters. The second lens system is
co-located with the plurality of receivers and arranged to
focus the emissions passed through the first lens systems
onto the plurality of receivers. The transmission means is
arranged to transmit the measured intensities to the reception
means. The controller is arranged to determine an intensity
of' emission to be emitted by each of the plurality of emitters
based on the measured intensities, such that the emissions
are incident on at least one selected receiver of the plurality
of receivers.

The present invention also provides a wireless commu-
nication system comprising: a plurality of emitters physi-
cally separated from each other, a first lens system co-
located with the plurality of emitters through which
emissions from the plurality of emitters pass, a second lens
system through which the emissions passed through the first
lens system pass, a plurality of receivers, a measurement
means arranged to measure the intensity of emissions inci-
dent on each of the plurality of receivers, a transmission
means co-located with the plurality of receivers, a reception
means co-located with the plurality of emitters, and a
controller as previously described. The second lens system
is co-located with the plurality of receivers and arranged to
focus the emissions passed through the first lens systems
onto the plurality of receivers. The transmission means is
arranged to transmit the measured intensities to the reception
means.

The present invention also provides a wireless commu-
nication system comprising: a first wireless communication
system as previously described, and a second wireless
communication system as previously described. The first
and second wireless communication systems are arranged to
perform bi-directional communications.

The present invention also provides a robotic warehous-
ing system comprising: at least one robotic load handling
means comprising a controlling means and a lifting means
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arranged to be lowered from within the robotic load han-
dling means. The lifting means comprises a gripping means
arranged to grip and lift a load, the load comprising a
container. The robotic load handling means comprises a
wireless communication system as previously described
such that the lifting means communicates with the control-
ling means by way of the wireless communication system.

The present invention also provides a method of control-
ling a wireless communication system, the wireless com-
munication system comprising: a plurality of emitters physi-
cally separated from each other, a first lens through which
emissions from the plurality of emitters pass, a second lens
through which the emissions passed through the first lens
pass, at least one receiver, and a tilt sensor arranged to
measure the angle of tilt in at least one dimension of the
plurality of emitters. The second lens is arranged to focus the
emissions passed through the first lens onto the at least one
receiver. The method comprising the step of: determining an
intensity of emission to be emitted by each of the plurality
of emitters based on the angle of tilt in at least one dimension
of the plurality of emitters, such that the emissions are
incident on at least one selected at least one receiver.

The present invention also provides a method of control-
ling a wireless communication system, the wireless com-
munication system comprising: a plurality of emitters physi-
cally separated from each other, a first lens system
co-located with the plurality of emitters through which
emissions from the plurality of emitters pass, a second lens
system through which the emissions passed through the first
lens system pass, a plurality of receivers, a measurement
means arranged to measure the intensity of emissions inci-
dent on each of the plurality of receivers, a transmission
means co-located with the plurality of receivers, and a
reception means co-located with the plurality of emitters.
The second lens system is co-located with the plurality of
receivers and arranged to focus the emissions passed
through the first lens systems onto the plurality of receivers.
The transmission means is arranged to transmit the mea-
sured intensities to the reception means. The method com-
prising the step of: determining an intensity of emission to
be emitted by each of the plurality of emitters based on the
measured intensities, such that the emissions are incident on
at least one selected receiver of the plurality of receivers.

In this way, wireless communication paths may be main-
tained between two objects movable relative to one another.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described by
way of example only with reference to the accompanying
drawings, in which like reference numbers designate the
same or corresponding parts, and in which:

FIG. 1 is a schematic diagram showing wireless commu-
nication paths between two emitters and two receivers, the
wireless communication paths including lens systems,
according to a known wireless communication system.

FIG. 2 is a schematic diagram of the system of FIG. 1
showing the effect of the relative movement of the emitter to
the receiver, the emissions of the first emitter incorrectly
falling incident on a second receiver, in a known wireless
communication system.

FIG. 3 is a schematic diagram showing a controller of a
wireless communication system according to a first embodi-
ment of the present invention, together with other features of
the wireless communication system including a plurality of
emitters.
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FIG. 4 is a schematic diagram of the plurality of emitters
of FIG. 3, showing individual emitters formed within an
emitter array.

FIG. 5 is a schematic diagram of a controller of a wireless
communication system according to a second embodiment
of the present invention, together with other features of the
wireless communication system.

FIG. 6 is a schematic diagram of the system of FIG. 5§
showing the effect of relative movement between the emit-
ters and the receivers.

FIG. 7 is a schematic diagram of the system of FIGS. 5
and 6 showing the system correcting for the relative move-
ment between the receivers and the emitters.

FIG. 8 is a flowchart showing the process performed by
the controller according to the first embodiment of the
present invention.

FIG. 9 is a flowchart showing the process performed by
the controller according to the second embodiment of the
present invention.

FIG. 10 is a schematic perspective view of a frame
structure for housing a plurality of stacks of bins in a known
storage system.

FIG. 11 is a schematic plan view of part of the framework
structure of FIG. 10.

FIGS. 12(a) and 12(b) are schematic perspective views,
from the rear and front respectively, of one form of load
handler device for use with the frame structure of FIGS. 10
and 11, and FIG. 12(c) is a schematic perspective view of the
known load handler device in use lifting a bin.

FIG. 13 is a schematic perspective view of a known
storage system comprising a plurality of load handler
devices of the type shown in FIGS. 12(a), 12(b) and 12(c),
installed on the frame structure of FIGS. 10 and 11, the
storage system comprising a plurality of drop off points or
output ports.

DETAILED DESCRIPTION OF EMBODIMENTS
First Embodiment

FIG. 1 depicts a known wireless communication system.
In this known system, an emitting apparatus communicates
with a receiving apparatus. The receiving apparatus is
spaced apart from the emitting apparatus, accordingly com-
munications between the apparatuses cannot be conve-
niently achieved in the usual manner for example, by
transmitting signals along a wire. Instead wireless commu-
nications are used between the emitting apparatus and the
receiving apparatus.

The emitting apparatus comprises an emitter 106 and a
first lens 104 which focusses the emission of the emitter 106.
The emitter 106 receives a signal to be transmitted from a
communicating device (not shown). The communicating
device may be any device which is required to send data to
a receiving device. The emitter 106 also includes an input
which indicates the emitting intensity of the emitter 106. The
emitting intensity input indicates the strength of emission
output by the emitter 106.

The emission of the emitter 106 is generally emitted in a
diverging form, in other words, the emission comes from a
point source and emits in an up to 180 degree circular
pattern. Accordingly, to direct the emissions in one direction
towards the receiving apparatus the first lens 104 is provided
to focus the emission into parallel or near parallel beams,
and thereby travel in a single direction, which traverse the
free space between the emitting apparatus and the receiving
apparatus.
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The receiving apparatus comprises a receiver 100 and a
second lens 102 which focusses the emission from the
emitting apparatus onto the receiver 100. In particular, the
receiver 100 receives the emissions which are emitted by the
emitter 106 and outputs a signal indicative of the input of the
emitter 106 to a receiving device (not shown). The second
lens 102 is provided to focus the parallel emissions onto the
receiver 100.

FIG. 1 also shows a second wireless communication
system. This operates identically to the above described
wireless communication system. For ease of reference sepa-
rate reference signs are provided for the parts of the second
wireless communication system. In particular, a second
emitting apparatus is shown with an emitter 107 and first
lens 105. A second receiving apparatus comprises a receiver
101 and second lens 103 to receive the emission from the
second emitting apparatus.

In normal operation the first and second wireless com-
munication systems operate entirely independently, with
each system providing a separate channel of communication
between the respective emitter and receiver. As can be
appreciated, if each of the first and second emitting appa-
ratuses remain substantially horizontal relative to the respec-
tive first and second receiving apparatuses then emissions
can be arranged spatially so as not to interfere with each
other, as shown in FIG. 1.

FIG. 2, however, shows the results when the first emitting
apparatus rotates or tilts relative to the first receiving appa-
ratus, as well as rotating relative to the second emitting and
receiving apparatuses. Accordingly, the emissions of the first
emitting apparatus may interfere with the second receiving
apparatus by being incident on a second receiver 101. In this
case, the lens system 103 and receiver 101 may receive
interference from the emissions of emitter 106 travelling
through lens 104.

Similarly, the first receiving apparatus, as a result of the
rotation or tilting, may fail to receive any emission from the
emitter 106.

The first and second embodiments of the present inven-
tion relate to steering emissions from the emitter 106 such
that the emissions continue to fall on the receiver, even if the
emitter 106 and receiver 100 move (for example, rotate or
tilt) relative to one another, such a situation may occur, for
example, when the emitting apparatus tilts relative to the
receiving apparatus.

FIG. 3 is a schematic drawing of a wireless communica-
tion system according to the first embodiment of the present
invention and including a controller according to the first
embodiment of the present invention.

In the first embodiment, the wireless communication
system described above is supplemented by a second emitter
310 in the first emitting apparatus. Accordingly, the first
emitting apparatus comprises a plurality of emitters 309 and
310. At least two emitters are needed, however, certain
advantages are evident as the number of emitters increases,
as will be described later.

The plurality of emitters 309 and 310 described here are
fundamentally the same as previous described with refer-
ence to FIG. 1. In particular, each of the emitters is input
with a data signal to be transmitted to a receiving apparatus.
In this way the emissions from each of the plurality of
emitters 309 and 310 may be synchronised. Each emitter is
also input with a required intensity that each is to emit. In
this regard, each emitter is controlled separately such that,
for example, emitter 309 may emit at a maximum intensity
whilst emitter 310 emits at a minimal intensity (which may
be zero leading to no emissions). Similarly, any intensity
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between maximal and minimal intensity is envisaged to
allow the steering of the synchronised emissions of the
plurality of emitters 309 and 310. For example, emitter 309
may emit at 75% of maximal intensity whilst emitter 310
emits at 25% of maximal intensity so as to steer the
emissions in one direction or another, towards or away from
a particular receiver.

The plurality of emitters 309 and 310 are depicted physi-
cally separated from each other. The plurality of emitters
may take one of many forms, for example, the plurality of
emitters 309 and 310 may be formed into an emitter array.
In this way, the plurality of emitters extend in both a first and
second direction which are perpendicular to each other. This
has the advantage of allowing the correction of rotations or
tilts of the emitting apparatus in at least two different axes.
However, the usage of two emitters allows for a minimal
setup and still allows the correction of rotations or tilts of the
emitting apparatus, as will be explained later.

The plurality of emitters 309 and 310 may be selected to
emit emissions of a number of different types. For example,
the plurality of emitters 309 and 310 may emit emissions
within the infra-red spectrum. Similarly, the emissions may
be radio frequency emissions with frequencies greater than
1 GHz. Alternatively, the emissions may be visible light or
ultraviolet emissions.

As will be explained the control of a plurality of emitters
309 and 310 may be used to produce emissions that, when
focussed through lenses 307 and 305, results in the emis-
sions falling on the receiver 303 and not interfering with
receiver 304.

The emissions of the plurality of emitters 309 and 310 are
focussed through a first lens 307. The first lens 307 has the
effect of forming a beam from the emissions from the
plurality of emitters 309 and 310. In the beam, the emissions
are substantially parallel so as to travel in a single direction,
in this case vertically because the emitting apparatus and
receiving apparatus are arranged in a vertical plane. As will
be appreciated, any direction of emission can be accommo-
dated with the first lens 307 forming the emissions in a beam
moving in any single direction.

The beam of emissions traverses the free space between
the emitting apparatus and the receiving apparatus. A second
lens 305 refocuses the beam of emissions onto at least one
receiver 303.

The first and second lenses 307 and 305 are selected
depending on the type of emissions emitted by the plurality
of emitters 309 and 310. For example, a glass lens may be
used for emissions in the visible spectrum. For radio fre-
quency emissions with frequencies greater than 1 GHz an
array of appropriate emitter antennae and di-electric or
meta-material radio frequency lenses may be used. Simi-
larly, for emissions in the infra-red spectrum or ultraviolet
spectrum an appropriate lens is selected.

The second lens 305 and receiver 303 are fundamentally
similar to that described with reference to FIGS. 1 and 2. In
particular, the receiver 303 outputs a signal to a receiving
device. Ideally, if reception has been performed adequately,
the received signal is identical to the signal input into the
plurality of emitters 309 and 310. Although only one
receiver is depicted in the first wireless communication
system of FIG. 3, a plurality of receivers may be provided
which leads to the advantage of greater likelihood of recep-
tion of the emissions, even when large rotations or tilts are
applied to the emitting apparatus. Additionally, the emis-
sions of the plurality of emitters 309 and 310 may be
focussed by the first and second lenses 307 and 305 so as to
focus the emissions on a number greater than one of receiv-
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ers when more than one receiver is used, for example, to
focus the emissions on two receivers located adjacent to one
another.

The wireless communication system of the first embodi-
ment further comprises a tilt sensor 302 co-located with the
controller 301, the plurality of emitters 309 and first lens
307, in the emitting apparatus. The tilt sensor 302 is
arranged to measure angles of rotations or tilts of the
emitting apparatus and then output an indication of the tilt or
rotation to the controller 301. The tilt sensor 302 may be
specifically arranged to measure the angles of tilt or rotation
of the plurality of emitters 309 and 310. In this regard, the
tilt sensor 302 may measure tilt or rotation in at least one of
three principal axes (each axis being perpendicular to the
other two axes). Accordingly, three tilt sensors may be
employed, each measuring tilt or rotation in a single axis and
each positioned perpendicular to the other two tilt sensors.

The tilt sensor 302 may be one of many forms, for
example, an accelerometer, a gyroscope or other tilt angle
measurer may be employed.

The controller 301 according to the first embodiment of
the present invention is provided in the wireless communi-
cation system and is connectable to the tilt sensor 302 to
thereby receive an indication of tilt in at least one dimension
of the plurality of emitters 309 and 310. In some use cases
it may be preferable to employ a tilt sensor 302 arranged to
measure tilt angles in at least two dimensions of the plurality
of emitters 309 and 310.

The controller 301 is also connectable to the plurality of
emitters 309 and 310 to thereby control the intensity of their
emission by instructing each of the plurality of emitters 309
and 310 to emit a signal to be emitting with an intensity
specific to each of the plurality of emitters 309 and 310.

As will now be described, when the emitting apparatus
comprising the plurality of emitters 309 and 310 becomes
tilted or rotated at an angle then the controller is arranged to
determine an intensity of emissions to be emitted by each of
the plurality of emitters based on the measured angle of tilt
or rotation of the plurality of emitters 309 and 310.

More specifically, as depicted in FIG. 3, when the emit-
ting apparatus rotates in a clockwise direction the intensity
of emission from emitter 309 is reduced whilst the intensity
of emission from emitter 310 is increased. In this way,
together with the first lens 307, the beam is steered to fall on
receiver 303. Accordingly the problem presented in FIG. 2
of the emission from emitter falling (and creating unwanted
interference) on receiver 101 is mitigated.

As will be appreciated, were the rotation to occur in an
anti-clockwise direction the controller 301 would change the
intensity of emission to compensate for this change. For
example, the controller 301 would reduce the intensity of
emission from emitter 310 and increase the intensity of
emission from emitter 309.

FIG. 4 shows a further development of the emitting
apparatus depicted in FIG. 3. In particular, the emitting
apparatus may be implemented as a two-dimensional array
of emitters, instead of two discrete emitters. In particular, a
grouping of, for example, nine emitters would form one
single beam emitting towards the at least one receiver.

The use of an array of emitters allows for the correction
of tilt or rotation of the emitting apparatus in at least two
directions. For example, when the emitting apparatus is
horizontal, the emitter 309 could be a primary emitter for
emission to the at least one receiver. However, as the
emitting apparatus tilts and rotates the controller 301 is
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arranged to change the intensity of each of the nine emitters
in the array of emitters to ensure the steering of the beam to
the at least one receiver.

As depicted in FIG. 4, nine of the array of emitters are
grouped into one large array. In this way, nine separate
wireless communication systems are joined together. A
controller 301 steers each of the nine arrays so that their
emissions are directed towards the correct at least one
receiver.

It is also to be appreciated that two adjacent emitters, such
as 309 and 310 may each have their intensity set with a
proportion of the desired intensity in order to produce a
beam that behaves as if it had come from a emitter placed
physically between emitter 309 and 310, for example, if
each of emitters 309 and 310 emit with 50% of the maxi-
mum intensity this would effectively produce a beam with
100% intensity but located half-way between emitter 309
and 310. In this way, smaller corrections to the direction of
the beam can be achieved with the beam being steered to
positions that would otherwise correspond to positons
between each of the plurality of emitters, thereby increasing
the resolution of beam steering.

Second Embodiment

FIG. 5 shows a second embodiment of the present inven-
tion with an alternative implementation of the controller and
wireless communication system as described in the first
embodiment.

In the second embodiment, the emitting apparatus is
similar to that described for the first embodiment. In par-
ticular, the emitting apparatus comprises a plurality of
emitters 510, 511 and 512, each of which receives a common
input signal to be emitted and also an intensity of emission
signal to control the intensity of emission from each emitter.
The emissions are focussed by a first lens system 509 which
is co-located with the plurality of emitters. The first lens
system 509 focusses the emissions of the plurality of emit-
ters 510, 511 and 512 so as to form a beam in which the
emissions are parallel.

The beam of emission from the plurality of emitters 510,
511 and 512 are emitted to the receiving apparatus. In this
embodiment, the receiving apparatus comprises a second
lens system 508 and a plurality of receivers 505, 506 and
507. The second lens system 508 is arranged to focus the
beam of emission onto the plurality of receivers and spe-
cifically onto a specific one receiver of the plurality of
receivers, for example the receiver 506 which is centrally
located in the plurality of receivers.

In an advantageous embodiment, the emissions of the
plurality of emitters 510, 511 and 512 may be focussed by
the first and second lens systems 509 and 508 so as to focus
the emissions on a number greater than one of receivers, for
example, to focus the emissions on two receivers located
adjacent to one another. Accordingly, in this embodiment
emissions are not focussed onto a specific one receiver.

The plurality of emitters may be selected to emit emis-
sions of a number of different types. For example, the
plurality of emitters may emit emissions within the infra-red
spectrum. Similarly, the emissions may be radio frequency
emissions with frequencies greater than 1 GHz. Alterna-
tively, the emissions may be visible light or ultraviolet
emissions.

The first and second lenses systems are selected depend-
ing on the type of emissions emitted by the plurality of
emitters. For example, a glass lens may be used for emis-
sions in the visible spectrum. For radio frequency emissions
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with frequencies greater than 1 GHz an array of appropriate
emitter antennae and di-electric or meta-material radio fre-
quency lenses may be used. Similarly, for emissions in the
infra-red spectrum or ultraviolet spectrum an appropriate
lens is selected.

Similar to the receivers described in the first embodiment,
each of the receivers outputs the received signal.

The receiving apparatus further comprises a measurement
means 503 arranged to measure the intensity of emissions
incident on each of the plurality of receivers. In particular,
the measurement means 503 is arranged to receive the signal
output by each of the receivers and to measure the intensity
of signal from each of the receivers. In this way the
measurement means 503 acquires information of the
strength of emission incident on each of the plurality of
receivers 505, 506 and 507.

The receiving apparatus further comprises a transmission
means 504 whilst the emitting apparatus also comprises a
reception means 502 arranged to receive a signal from the
transmission means 504.

The transmission means 504 is arranged to receive the
measured intensities of emissions for each of the plurality of
receivers 505, 506 and 507 from the measurement means
503. The transmission means 504 is arranged to transmit the
measured intensities of emissions for each of the plurality of
receivers 505, 506 and 507 to the reception means 502 of the
emitting apparatus. In this way, the emitting apparatus
receives an indication of the intensity of emission incident
upon each of the plurality of receivers 505, 506 and 507.

The reception means 502 of the emitting apparatus is
arranged to receive the transmitted signal including the
indication of the intensity of emissions. The emitting appa-
ratus further comprises the controller 501 according to the
second embodiment of the present invention. The controller
501 is arranged to receive the indication of the intensity of
emissions as received by the reception means 502.

The transmitting means 504 and reception means 502 are
respectively arranged to transmit and receive signals using
any one of a number of communication methods. For
example, the transmitting means 504 may be arranged to
transmit radio frequency transmissions, for example, Wi-Fi
signals in the 2.4 GHz band of the radio spectrum. Alter-
natively, the transmission means 504 may be arranged to use
any other convenient radio frequency band suitable for the
environment in which the wireless communication system is
operating. Alternatively, the transmission means 504 may be
arranged to use light transmission, for example, Li-Fi, to
transmit signals. The optical transmissions may be in the
infra-red spectrum, visible light spectrum or ultraviolet
spectrum. As will be appreciated, the reception means 502
will necessarily be arranged to receive the transmissions of
the transmission means 504 in a corresponding manner, so,
for example, if the transmission means 504 is arranged to
transmit optical transmissions then the reception means 502
is arranged to receive optical transmissions. Similarly, if the
transmission means 504 is arranged to transmit radio fre-
quency transmissions then the reception means 502 is
arranged to receive radio frequency transmissions.

An alternative to the above described radio frequency and
optical transmission solutions is to utilise a second wireless
communication system as described above according to
either the first or second embodiment of the present inven-
tion. More specifically, the emitting apparatus of the second
wireless communication system, including the plurality of
emitters would be used in place of the transmission means
504 and the receiving apparatus of the second wireless
communication system would be used in place of the
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reception means 502. This has the advantage of providing a
wireless communication system which is immune to rota-
tions and tilting of the emitting apparatus.

The controller 501 according to the second embodiment is
connectable to the reception means 502 as well as each of
the plurality of emitters 510, 511 and 512.

The controller 501, having received the indication of the
intensity of emissions is arranged determine an intensity of
emission to be emitted by each of the plurality of emitters
based on the measured intensities. More specifically, the
controller 501 determines individual emission intensities for
each of the plurality of emitters 510, 511 and 512 based on
the measured intensities. In this way the emissions of the
plurality of emitters is successfully steered based on the
measured intensities.

For example, when the emitting apparatus is substantially
horizontal relative to the receiving apparatus then the beam
is steered, by the controller 501, to travel from emitter 511
and arrive at receiver 506. In this example, the beam is
steered to be vertical relative to the plurality of emitters 510,
511 and 512 and to thereby travel directly to the plurality of
receivers. The controller 501 may determine to set the
intensity of emission of emitter 511 to maximum and to set
the intensity of emission of each of emitters 510 and 512 to
zero. In this way the beam is only emitted by emitter 511
resulting in a beam which travels vertically to emitter 506.

As will be appreciated, setting the intensity of emission of
each of the plurality of emitters 510, 511 and 512 to non-zero
values results in successful steering of the beam in any
direction desired. For example, if the intensity of emission
of emitters 510 and 511 are made equal and non-zero then
the beam is steered towards emitter 510 effectively creating
“a virtual emitter” between emitters 510 and 511.

FIG. 6 shows the result of a rotation or tilting of the
emitting apparatus. As can be seen, due to the rotation of
tilting of the emitting apparatus the emissions from emitter
511 are now no longer incident upon receiver 506 as shown
in FIG. 5. Therefore, the intensity of emissions incident on
each of the plurality of receivers and as measured by the
measurement means 503 changes. Previously, as shown in
FIG. 5, the measurement means 503 would measure the
maximal incident intensity as being on receiver 506. How-
ever, the rotation or tilt of the emitting apparatus causes the
measurement means 503 to now detect the maximal incident
intensity as being on receiver 507. This change in measured
intensities is sent to the transmission means 504 which is
turn transmits a signal including an indication of the mea-
sured intensities to the reception means 502.

In turn, the controller 501 receives from the reception
means 502 the updated values of measured intensities inci-
dent on each of the plurality of receivers 505, 506 and 507.

The controller 501 is thereby arranged to determine new
intensities of emission to be emitted by each of the plurality
of emitters 510, 511 and 512. The controller 501 is arranged
to apply each of the newly determined intensities of emis-
sions to their respective emitter of the plurality of emitters.
In this way the beam is re-centered on the central receiver
506, as shown in FIG. 7. In particular, as shown in FIG. 7,
emitter 512 is set to a maximal emission intensity whilst the
emission intensity from emitters 510 and 511 is reduced.
Accordingly, the beam, when focussed through lens 509, is
successfully steered back toward the central receiver 506.

As will be appreciated, the controller 501 need not
discretely control the intensity of each of the plurality of
emitters but instead set the intensity of emissions of each of
the emitters to an intermediate value between minimum and



US RE50,449 E

11

maximum intensity of emission. In this way, the beam can
be effectively steered to any one of the plurality of receivers.

FIG. 8 shows a method for controlling a wireless com-
munication system according to the first embodiment. The
method pertains to a wireless communication system, as
depicted in FIG. 3, comprises a plurality of emitters physi-
cally separated from each other. A first lens is a lens through
which emissions from the plurality of emitters pass. The
beam of emissions formed by the first lens then pass through
the free space separating an emitting side of the wireless
communication system from a receiving side of the wireless
communication system. In this regard, the first lens is
arranged to ensure that the beam is provided vertically with
respect to the plurality of emitters such that the emissions are
parallel thereby forming a beam. A second lens is formed at
the receiving side to capture the emissions of the plurality of
emitters and focussed by the first lens. The receiving side
comprises at least receiver upon which the second lens is
arranged to focus the emissions.

The emitting side further comprises a tilt sensor to mea-
sure angle of tilt in at least one dimension of the plurality of
emitters and by extension the emitting side. In a preferable
embodiment the tilt sensor is arranged to measure angles of
tilt in at least two dimensions. The controller is arranged to
perform the step S801 of determining an intensity of emis-
sions to be emitted by each of the plurality of emitters based
on the angles of tilt of the plurality of emitters as measured
by the title sensor. In this way, the emissions are incident on
at least one selected at least one receiver.

FIG. 9 shows a method for controlling a wireless com-
munication system according to the second embodiment.
The method pertains to a wireless communication system, as
depicted in FIG. 5, comprises a plurality of emitters physi-
cally separated from each other. A first lens is a lens through
which emissions from the plurality of emitters pass. The
beam of emissions formed by the first lens then pass through
the free space separating an emitting side of the wireless
communication system from a receiving side of the wireless
communication system. In this regard, the first lens is
arranged to ensure that the beam is provided vertically with
respect to the plurality of emitters such that the emissions are
parallel thereby forming a beam. A second lens is formed at
the receiving side to capture the emissions of the plurality of
emitters and focussed by the first lens. The receiving side
comprises a plurality of receivers upon which the second
lens is arranged to focus the emissions.

The emitting side further comprises a measurement means
arranged to measure the intensity of emissions incident on
each of the plurality of receivers. The signal indicative of the
measured intensities of emissions for each of the plurality of
receivers is transmitted from the receiving side to the
emitting side by a transmission means.

The emitting side further comprises a receiving means
arranged to receive the signal indicative of the emissions
incident upon each of the plurality of receivers. The con-
troller is arranged to perform the step S901 of determining
an intensity of emission to be emitted by each of a plurality
of emitters based on the measured intensities. In this way,
the beam is controlled so that the emissions are incident on
at least one selected receiver of the plurality of receivers.

Modifications and Variations

Many modifications and variations can be made to the
embodiments described above, without departing from the
scope of the present invention.
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Regarding the first embodiment, it is to be appreciated
that the wireless communication system could include more
than one receiver. This is advantageous because it provides
reception even when the receiving apparatus tilts or rotates.

Applicable to both the first and second embodiments, the
choice of receiver (or the gain used on each of several
receivers) of a plurality of receivers may be adjusted accord-
ing to the tilt of the receiving platform in at least one
dimension, preferably two dimensions, so as to maximise
the strength of the received signal and to minimise the
reception of unwanted interference. In this modification, a
controller connectable to each of a plurality of receivers and
a tilt sensor co-located in the receiving apparatus would be
arranged to adjust the gain of each receiver based on the
measured tilt in at least one dimension, preferably two
dimensions, of the plurality of receivers. Accordingly, even
as the receiving apparatus tilts or rotates the signal from the
plurality of receivers can be selectively amplified so as to
accurately decode the beam from the emitters rather than
other stray incident light from other directions (i.e. emis-
sions that is not the vertical beam from the emitter).

It will be appreciated that the lens systems may comprise
any number of lenses and need not be limited to the lens
types or numbers shown in the Figures or described above.
Any lens system capable of focussing the radiation emitted
by the emitters on the receiver is envisaged.

Furthermore, the emitter may comprise two or more
individual emitters for example discrete Light Emitting
Diodes or the emitter may comprise an array of emitters. In
a similar manner, the receiver may comprise discrete com-
ponents or a suitably arranged array of receivers. The
number of discrete components in the emitter or receiver
arrays need not be limited to the number shown in the
Figures, any suitable number of discrete components may be
used to make up the arrays.

As described above, the controller of the first and second
embodiments has been arranged to control the beam of
emissions so that emissions are vertical relative to the
plurality of emitters. However, this has only been described
for ease of understanding and other possibilities are consid-
ered.

For example, the controller of the first and second
embodiments may be arranged to control the beam so that
emissions are not vertical and instead emissions are directed
to a specific part of the receiving means, for example, to a
specific receiver on the receiving means. This provides the
advantage of allowing directed communications irrespective
of'the tilt or rotation of the receiving means. In other words,
the controller may be arranged to control the beam so that it
traverses the free space between the emitting apparatus and
the receiving apparatus not at a 90 degree angle, in other
words not vertically. Instead, the beam may be steered at an
angle less than or greater than 90 degrees, for example in a
substantially horizontal direction, which corresponds with
an angle substantially zero degrees or substantially 180
degrees. As will be appreciated, any angle between vertical
and horizontal may be accommodated by the controller
controlling the emission intensity of each of the plurality of
emitters to accommodate the desired angle.

Similarly, it is envisaged to provide more control of the
plurality of emitters so that the beam arrives at the same
receiver so as to achieve a specific signalling effect. In this
way, emissions from different ones of the plurality of
emitters may interact at one specific receiver to provide an
advantageous effect. For example, emissions from a first
emitter may interfere with emissions from a second emitter
of the same plurality of emitters to cause constructive or
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destructive interference of the light/radio frequency emis-
sion that arrives at the at least one selected receiver.

Similarly, the emissions may be controlled to only arrive
at a specific receiver in a specific time window. For example,
a first emitter may emit during even time periods, such as t0,
12, t4 etc. On the other hand, emissions from a second
emitter may be configured to arrive at the specific receiver
in odd time periods such as t1, t3, t5 etc. In this way, more
than one communication is possible at the same time in the
wireless communication system. It is envisaged that a point-
to-point optical/radio frequency network may be formed by
such means.

Online retail businesses selling multiple product lines,
such as online grocers and supermarkets, require systems
that are able to store tens or even hundreds of thousands of
different product lines. The use of single-product stacks in
such cases can be impractical, since a very large floor area
would be required to accommodate all of the stacks required.

Furthermore, it can be desirable only to store small
quantities of some items, such as perishables or infre-
quently-ordered goods, making single-product stacks an
inefficient solution.

International patent application WO 98/049075A (Autos-
tore), the contents of which are incorporated herein by
reference, describes a system in which multi-product stacks
of containers are arranged within a frame structure.

PCT Publication No. WO2015/185628A (Ocado)
describes a further known storage and fulfilment system in
which stacks of bins or containers are arranged within a
framework structure. The bins or containers are accessed by
load handling devices operative on tracks located on the top
of the frame structure. The load handling devices lift bins or
containers out from the stacks, multiple load handling
devices co-operating to access bins or containers located in
the lowest positions of the stack. A system of this type is
illustrated schematically in FIGS. 10 to 13 of the accompa-
nying drawings.

As shown in FIGS. 10 and 11, stackable containers,
known as bins 10, are stacked on top of one another to form
stacks 12. The stacks 12 are arranged in a grid framework
structure 14 in a warehousing or manufacturing environ-
ment. FIG. 10 is a schematic perspective view of the
framework structure 14, and FIG. 11 is a top-down view
showing a stack 12 of bins 10 arranged within the frame-
work structure 14. Each bin 10 typically holds a plurality of
product items (not shown), and the product items within a
bin 10 may be identical, or may be of different product types
depending on the application.

The framework structure 14 comprises a plurality of
upright members 16 that support horizontal members 18, 20.
A first set of parallel horizontal members 18 is arranged
perpendicularly to a second set of parallel horizontal mem-
bers 20 to form a plurality of horizontal grid structures
supported by the upright members 16. The members 16, 18,
20 are typically manufactured from metal. The bins 10 are
stacked between the members 16, 18, 20 of the framework
structure 14, so that the framework structure 14 guards
against horizontal movement of the stacks 12 of bins 10, and
guides vertical movement of the bins 10.

The top level of the frame structure 14 includes rails 22
arranged in a grid pattern across the top of the stacks 12.
Referring additionally to FIGS. 12 and 13, the rails 22
support a plurality of robotic load handling devices 30. A
first set 22a of parallel rails 22 guide movement of the load
handling devices 30 in a first direction (X) across the top of
the frame structure 14, and a second set 22b of parallel rails
22, arranged perpendicular to the first set 22a, guide move-
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ment of the load handling devices 30 in a second direction
(Y), perpendicular to the first direction. In this way, the rails
22 allow movement of the load handling devices 30 laterally
in two dimensions in the horizontal X-Y plane, so that a load
handling device 30 can be moved into position above any of
the stacks 12.

One form of load handling device 30 is further described
in Norwegian patent number 317366, the contents of which
are incorporated herein by reference. FIGS. 12(a) and 12(b)
are schematic perspective views of a load handling device
30 from the rear and front, respectively, and FIG. 12(c) is a
schematic front perspective view of a load handling device
30 lifting a bin 10. However, there are other forms of load
handling device that may be used in combination with the
system herein described. For example a further form of
robotic load handling device is described in PCT Patent
Publication No. W02015/019055, hereby incorporated by
reference, (Ocado) where each robotic load handler only
covers one grid space of the frame work structure, thus
allowing higher density of load handlers and thus higher
throughput for a given sized system.

Each load handling device 30 comprises a vehicle 32
which is arranged to travel in the X and Y directions on the
rails 22 of the frame structure 14, above the stacks 12. A first
set of wheels 34, consisting of a pair of wheels 34 on the
front of the vehicle 32 and a pair of wheels 34 on the back
of the vehicle 32, is arranged to engage with two adjacent
rails of the first set 22a of rails 22. Similarly, a second set of
wheels 36, consisting of a pair of wheels 36 on each side of
the vehicle 32, is arranged to engage with two adjacent rails
of the second set 22b of rails 22. Each set of wheels 34, 36
can be lifted and lowered, so that either the first set of wheels
34 or the second set of wheels 36 is engaged with the
respective set of rails 22a, 22b at any one time.

When the first set of wheels 34 is engaged with the first
set of rails 22a and the second set of wheels 36 is lifted clear
from the rails 22, the wheels 34 can be driven, by way of a
drive mechanism (not shown) housed in the vehicle 32, to
move the load handling device 30 in the X direction. To
move the load handling device 30 in the Y direction, the first
set of wheels 34 is lifted clear of the rails 22, and the second
set of wheels 36 is lowered into engagement with the second
set of rails 22a. The drive mechanism can then be used to
drive the second set of wheels 36 to achieve movement in
the Y direction.

The load handling device 30 is equipped with a lifting
device. The lifting device 40 comprises a gripper plate 39 is
suspended from the body of the load handling device 32 by
four cables 38. The cables 38 are connected to a winding
mechanism (not shown) housed within the vehicle 32. The
cables 38 can be spooled in or out from the load handling
device 32, so that the position of the gripper plate 39 with
respect to the vehicle 32 can be adjusted in the Z direction.

The gripper plate 39 is adapted to engage with the top of
abin 10. For example, the gripper plate 39 may include pins
(not shown) that mate with corresponding holes (not shown)
in the rim that forms the top surface of the bin 10, and sliding
clips (not shown) that are engageable with the rim to grip the
bin 10. The clips are driven to engage with the bin 10 by a
suitable drive mechanism housed within the gripper plate
39, which is controlled by signals carried by the wireless
communications system of the first or second embodiment
of the present invention.

The load handling device 30 may further comprise a
controller. The controller comprising means for communi-
cating with the gripper plate 39 of the lift device 40. The
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gripping plate 39, when engaged with the bin 10, commu-
nicates with the load handling device 30 to instruct lifting of
the bin 10.

In the above example, relative movement between the
gripper plate 39 and the controller of the load handling
device 30 is inevitable and communications may be lost
resulting in stalling of the lift or failure to engage the bin 10.
Accordingly, applying the wireless communication system
and controller as envisaged in each of the first and second
embodiments above provide the advantage of permitting
wireless communications to be maintained in the event of
such relative movement.

To remove a bin 10 from the top of a stack 12, the load
handling device 30 is moved as necessary in the X and Y
directions so that the gripper plate 39 is positioned above the
stack 12. The gripper plate 39 is then lowered vertically in
the Z direction to engage with the bin 10 on the top of the
stack 12, as shown in FIG. 3(c). The gripper plate 39 grips
the bin 10, and is then pulled upwards on the cables 38, with
the bin 10 attached. At the top of its vertical travel, the bin
10 is accommodated within the vehicle body 32 and is held
above the level of the rails 22. In this way, the load handling
device 30 can be moved to a different position in the X-Y
plane, carrying the bin 10 along with it, to transport the bin
10 to another location. The cables 38 are long enough to
allow the load handling device 30 to retrieve and place bins
from any level of a stack 12, including the floor level. The
vehicle 32 is sufficiently heavy to counterbalance the weight
of the bin 10 and to remain stable during the lifting process.
The weight of the vehicle 32 may be comprised in part of
batteries that are used to power the drive mechanism for the
wheels 34, 36.

As shown in FIG. 13, a plurality of identical load handling
devices 30 are provided, so that each load handling device
30 can operate simultaneously to increase the throughput of
the system. The system illustrated in FIG. 13 includes two
specific locations, known as ports 24, at which bins 10 can
be transferred into or out of the system. An additional
conveyor system (not shown) is associated with each port
24, so that bins 10 transported to a port 24 by a load handling
device 30 can be transferred to another location by the
conveyor system, for example to a picking station (not
shown). Similarly, bins 10 can be moved by the conveyor
system to a port 24 from an external location, for example
to a bin-filling station (not shown), and transported to a stack
12 by the load handling devices 30 to replenish the stock in
the system.

Each load handling device 30 can lift and move one bin
10 at a time. If it is necessary to retrieve a bin 10 (“target
bin”) that is not located on the top of a stack 12, then the
overlying bins 10 (“non-target bins”) must first be moved to
allow access to the target bin 10. This is achieved in an
operation referred to hereafter as “digging”.

Referring to FIG. 13, during a digging operation, one of
the load handling devices 30 sequentially lifts each non-
target bin 10a from the stack 12 containing the target bin 10b
and places it in a vacant position within another stack 12.
The target bin 10b can then be accessed by the load handling
device 30 and moved to a port 24 for further transportation.

Each of the load handling devices 30 is under the control
of a central computer. Each individual bin 10 in the system
is tracked, so that the appropriate bins 10 can be retrieved,
transported and replaced as necessary. For example, during
a digging operation, the locations of each of the non-target
bins 10a is logged, so that the non-target bins 10a can be
tracked.
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The system described with reference to FIGS. 10 to 13 has
many advantages and is suitable for a wide range of storage
and retrieval operations. In particular, it allows very dense
storage of product, and it provides a very economical way of
storing a huge range of different items in the bins 10, while
allowing reasonably economical access to all of the bins 10
when required for picking.

However, there are some drawbacks with such a system,
which all result from the above-described digging operation
that must be performed when a target bin 10b is not at the
top of a stack 12.

It will be appreciated that this is one example only of the
use of the system described above and that the invention is
not limited to such a use. Moreover, any other system
requiring communication between two objects in which
movement between the objects is anticipated may benefit.

The foregoing description of embodiments of the inven-
tion has been presented for the purpose of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Modifications and
variations can be made without departing from the spirit and
scope of the present invention.

The invention claimed is:

[1. A controller for a wireless communication system, the
wireless communication system having:

a plurality of emitters physically separated from each

other;

a first lens through which emissions from the plurality of

emitters pass;

a second lens through which the emissions passed through

the first lens pass;

at least one receiver; and

a tilt sensor arranged to measure angle of tilt in at least one

dimension of the plurality of emitters,

wherein the second lens is arranged to focus emissions

passed through the first lens onto the at least one
receiver,

wherein the controller is configured to determine an

intensity of emission to be emitted by each of plural
emitters based on a measured angle of tilt in at least one
dimension of the plural emitters, such that the emis-
sions will be incident on at least one selected at least
one receiver, and

wherein the controller is configured to control plural

emitters so that emissions from the plural emitters will
arrive at a same receiver so as to achieve a specific
signalling effect.]

[2. The controller according to claim 1, wherein the
controller is configured to control plural emitters so that the
emissions will be vertical relative to the plural emitters.]

[3. The controller according to claim 1, wherein the
controller is configured to control plural emitters so that the
emissions will not be vertical and direct emissions to at least
one selected at least one receiver.]

[4. A wireless communication system, comprising:

a plurality of emitters physically separated from each

other;

a first lens through which emissions from the plurality of

emitters pass;

a second lens through which the emissions passed through

the first lens pass;

at least one receiver;

a tilt sensor arranged to measure the angle of tilt in at least

one dimension of the plurality of emitters; and

a controller according to claim 1,
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wherein the second lens is arranged to focus emissions
passed through the first lens onto the at least one
receiver.]

[5. The wireless communications system according to
claim 4, wherein the emissions of the plurality of emitters
are selected to be within the infra-red spectrum.]

[6. The wireless communications system according to
claim 4, wherein the emissions of the plurality of emitters
are radio frequency transmissions with frequencies greater
than 1 GHz.]

[7. A wireless communication system, comprising:

a wireless communication system according to claim 4;

and

a second wireless communication system according to
claim 4,

wherein the first and second wireless communication
systems are arranged to perform bi-directional commu-
nications.]

[8. A robotic warehousing system comprising:

at least one robotic load handling means having a con-
trolling means and a lifting means arranged to be
lowered from within the robotic load handling means,

wherein the lifting means includes a gripping means
configured to grip and lift a load, the load having a
container,

wherein the robotic load handling means includes a
wireless communication system according to claim 4,
such that the lifting means will communicate with the
controlling means by way of the wireless communica-
tion system.]

9. A wireless communication system, comprising:

a plurality of emitters physically separated from each
other;

a first lens through which emissions from the plurality of
emitters pass;

a second lens through which the emissions passed through
the first lens pass;

a plurality of receivers;

atilt sensor arranged to measure angle of tilt in at least one
dimension of the plurality of emitters;

a controller,

wherein the second lens is arranged to focus emissions
passed through the first lens onto the at least one
receiver of the plurality of receivers,

wherein the controller is configured to determine an
intensity of emission to be emitted by each of plural
emitters based on a measured angle of tilt in at least one
dimension of the plural emitters, such that the emis-
sions will be incident on at least one selected at least
one receiver;

a second tilt sensor co-located with the plurality of
receivers and arranged to measure the angle of tilt in at
least one dimension of the plurality of receivers; and

a second controller co-located with the plurality of receiv-
ers and arranged to adjust the gain of each of the
plurality of receivers based on the measured angle of
tilt of the plurality of receivers.

[10. A controller for a wireless communication system,

the wireless communication system having:

a plurality of emitters physically separated from each
other;

a first lens system co-located with the plurality of emitters
through which emissions from the plurality of emitters
are to pass;

a second lens system through which the emissions passed
through the first lens system are to pass;

a plurality of receivers;
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a measurement means arranged to measure intensity of
emissions incident on each of the plurality of receivers;

a transmission means co-located with the plurality of
receivers; and

a reception means co-located with the plurality of emit-
ters,

wherein

the second lens system is co-located with the plurality of
receivers and arranged to focus emissions passed
through the first lens systems onto the plurality of
receivers,

the transmission means is arranged to transmit the mea-
sured intensities to the reception means, and

the controller is configured to determine an intensity of
emission emissions to be emitted by each of the plural
emitters based on the measured intensities, such that
the emissions will be incident on at least one selected
receiver of the plural receivers.]

[11. The controller according to claim 10, wherein the
controller is configured to control the plural emitters so that
emissions will be vertical relative to the plural emitters.]

[12. The controller according to claim 10, wherein the
controller is configured to control the plural emitters so that
emissions will not be vertical and direct emissions to at least
one chosen receiver of the plurality of receivers.]

[13. The controller according to claim 12, wherein the
controller is configured to control the plural emitters so that
emissions from the plural emitters will arrive at a same
receiver of the plural receivers so as to achieve a specific
signalling effect.]

[14. The controller according to claim 10, wherein the
controller is configured to control each of the plural emitters
to emit to a specific receiver of the plurality of receivers and
arranged to control each of the plural emitters such that each
receiver will only receive emissions from one emitter at any
one time.]

[15. A wireless communication system comprising:

a plurality of emitters physically separated from each

other;

a first lens system co-located with the plurality of emitters
through which emissions from the plurality of emitters
pass;

a second lens system through which the emissions passed
through the first lens system pass;

a plurality of receivers;

a measurement means arranged to measure the intensity
of emissions incident on each of the plurality of receiv-
ers;

a transmission means co-located with the plurality of
receivers;

a reception means co-located with the plurality of emit-
ters; and

a controller according to claim 10,

wherein

the second lens system is co-located with the plurality of
receivers and arranged to focus emissions passed
through the first lens systems onto the plurality of
receivers, and

the transmission means is arranged to transmit measured
intensities to the reception means.]

[16. The wireless communications system according to
claim 15, wherein the emissions of the plurality of emitters
are selected to be within the infra-red spectrum.]

[17. The wireless communications system according to
claim 15, wherein the emissions of the plurality of emitters
are radio frequency transmissions with frequencies greater
than 1 GHz.]
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[18. The wireless communications system according to
claim 15, wherein the transmission means and reception
means are configured to transmit and receive via at least one
of: radio frequency communications and optical communi-
cations.]

[19. The wireless communication system according to
claim 15, comprising:

a tilt sensor co-located with the plurality of receivers and
arranged to measure the angle of tilt in at least one
dimension of the plurality of receivers; and

a second controller co-located with the plurality of receiv-
ers and configured to adjust a gain of each of the
plurality of receivers based on the measured angle of
tilt of the plurality of receivers.]

[20. A wireless communication system comprising:

a first wireless communication system according to claim
15; and

a second wireless communication system according to
claim 15,

wherein the first and second wireless communication
systems are arranged to perform bi-directional commu-
nications.]

[21. A method of controlling a wireless communication
system, the wireless communication system having a plu-
rality of emitters physically separated from each other;

a first lens through which emissions from the plurality of

emitters pass;

a second lens through which the emissions passed through
the first lens pass, at least one receiver; and

atilt sensor arranged to measure the angle of tilt in at least
one dimension of the plurality of emitters,

wherein the second lens is arranged to focus the emissions
passed through the first lens onto the at least one
receiver, the method comprising:

determining an intensity of emission to be emitted by each
of the plurality of emitters based on the angle of tilt in
at least one dimension of the plurality of emitters, such
that the emissions are incident on at least one selected
at least one receiver, wherein the determining com-
prises controlling the plurality of emitters so that emis-
sions from the plurality of emitters arrive at a same
receiver so as to achieve a specific signalling effect.]

[22. The method according to claim 21, wherein the
determining comprises:

controlling the plurality of emitters so that the emissions
are vertical relative to the plurality of emitters.]

[23. The method according to claim 21, wherein the

determining comprises:

controlling the plurality of emitters so that the emissions
are not vertical and direct emissions to at least one
selected at least one receiver.]

24. A method of controlling a wireless communication
system, the wireless communication system having a plu-
rality of emitters physically separated from each other;

a first lens through which emissions from the plurality of

emitters pass;

a second lens through which the emissions passed through
the first lens pass;

a plurality of receivers;

atilt sensor arranged to measure the angle of tilt in at least
one dimension of the plurality of emitters;

a second tilt sensor co-located with the plurality of
receivers and arranged to measure the angle of tilt in at
least one dimension of the plurality of receivers,

wherein the second lens is arranged to focus the emissions
passed through the first lens onto at least one receiver
of the plurality of receivers, the method comprising:
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determining an intensity of emission to be emitted by each
of the plurality of emitters based on the angle of tilt in
at least one dimension of the plurality of emitters, such
that the emissions are incident on at least one selected
at least one receiver; and

adjusting a gain of each of the plurality of receivers based
on the measured angle of tilt of the plurality of receiv-
ers.

[25. A method of controlling a wireless communication
system, the wireless communication system having a plu-
rality of emitters physically separated from each other;

a first lens system co-located with the plurality of emitters
through which emissions from the plurality of emitters
pass;

a second lens system through which the emissions passed
through the first lens system pass;

a plurality of receivers;

a measurement means arranged to measure the intensity
of emissions incident on each of the plurality of receiv-
ers;

a transmission means co-located with the plurality of
receivers; and

a reception means co-located with the plurality of emit-
ters,

wherein

the second lens system is co-located with the plurality of
receivers and arranged to focus the emissions passed
through the first lens systems onto the plurality of
receivers,

the transmission means being arranged to transmit mea-
sured intensities to the reception means, the method
comprising:

determining an intensity of emission to be emitted by each
of the plurality of emitters based on the measured
intensities, such that the emissions are incident on at
least one selected receiver of the plurality of receivers.]

[26. The method according to claim 25, wherein the
determining comprises:

controlling the plurality of emitters so that the emissions
are vertical relative to the plurality of emitters.]

[27. The method according to claim 25, wherein the

determining comprises:

controlling the plurality of emitters so that the emissions
are not vertical and direct emissions to at least one
chosen one of the plurality of receivers.]

[28. The method according to claim 25, wherein the

determining comprises:

controlling the plurality of emitters so that transmissions
from the plurality of emitters arrive at the same receiver
of the plurality of receivers so as to achieve a specific
signalling effect.]

[29. The method according to claim 25, wherein the

determining comprises:

controlling each of the plurality of emitters to emit to a
specific receiver of the plurality of receivers and
arranged to control each of the plurality of emitters
such that each receiver only receives emissions from
one emitter at any one time.]

[30. The method according to claim 25, wherein the
wireless communications system includes a tilt sensor co-
located with the plurality of receivers and arranged to
measure the angle of tilt in at least one dimension of the
plurality of receivers, the method comprising:

adjusting a gain of each of the plurality of receivers based
on the measured angle of tilt of the plurality of receiv-
ers.]



