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Estimation of spatial profile of environment

Field

The present invention generally relates to a system and method for facilitating
estimation of a spatial profile of an environment. More particularly, the present invention
relates to facilitating estimation of a spatial profile of an environment by optical means while

facilitating free-space optical communication.

Background

Spatial profiling refers to the mapping of an environment as viewed from a desired
field of view. Each point or pixel in the field of view is associated with a distance to form a
representation of the environment. Spatial profiles may be useful in identifying objects and/or

obstacles in the environment, thereby facilitating automation of tasks.

One technique of spatial profiling involves sending light into an environment in a
specific direction and detecting any light reflected back from that direction, for example, by a
reflecting surface in the environment. The reflected light carries relevant information for
determining the distance to the reflecting surface. The combination of the specific direction
and the distance forms a point or pixel in the representation of the environment. The above
steps may be repeated for multiple different directions to form other points or pixels of the
representation, thereby facilitating estimation of the spatial profile of the environment within

a desired field of view.

Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common
general knowledge in any jurisdiction or that this prior art could reasonably be expected to be
understood, regarded as relevant and/or combined with other pieces of prior art by a person

skilled in the art.
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Summary

According to a first aspect of the present disclosure, there is provided a system for
facilitating estimation of a spatial profile of an environment, the system including:

a light source configured to provide outgoing light;

a beam director configured to direct the outgoing light into the environment along
one or more directions, the directed light imparted with outgoing communication information
to be received by a first communications receiver reachable in at least one of the one or more
directions; and

a light detector configured to detect incoming light, the incoming light
corresponding to at least part of the outgoing light reflected by the environment, wherein at
least one characteristic associated with the detected light includes distance information for
estimation of the spatial profile of the environment associated with the one or more outgoing

directions.

In some embodiments, the outgoing light is provided at one or more selected
wavelength channels, and the one or more directions correspond to the respective one or

more selected wavelength channels.

In some embodiments the outgoing light includes a maximum -length -based
sequence (MLS) to encode the outgoing light. The light source may include an encoder to
encode the communications information at an in-band frequency on the MLS. Alternatively,
the light source may include an encoder to encode the communications information at an out-

of-band frequency on the MLS.
In some embodiments the outgoing light includes a Barker code.

In some embodiments the outgoing light is provided at one or more selected
wavelength channels, and the one or more directions correspond to the respective one or

more selected wavelength channels.

In some embodiments the system further includes a processer to determine the at least
one of the one or more directions based on the estimated spatial profile. The processor may
be configured to determine one or more selected directions based on a recognisable object

profile in the estimated spatial profile to facilitate directed communication.
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In some embodiments the beam director comprises a dispersive element free-space

coupled to expansion optics.

In some embodiments the at least one of the one or more directions includes all of the

one or more directions to facilitate a broadcast communication.

In some embodiments the first communications receiver is coupled to a
communications transmitter, and the light detector includes a second communication receiver
to receive, from the communications transmitter, light imparted with incoming

communication information.

In some embodiments the system is located in a road vehicle, and wherein the first
communications receiver and/or the communications transmitter is/are located in a road-side

unit.

In some embodiments the system is located in a first road vehicle, and wherein the
first communications receiver and/or the communications transmitter is/are located in a

second road vehicle.

In some embodiments the system is located in a railway vehicle, and wherein the first
communications receiver and/or the communications transmitter is/are located in a rail-side

unit.

In some embodiments the system is located in a first railway vehicle, and wherein the
first communications receiver and/or the communications transmitter is/are located in a

second railway vehicle.

According to a second aspect of the present disclosure, there is provided a method
for facilitating estimation of a spatial profile of an environment, the method including the
steps of :

providing outgoing light;

directing the outgoing light into the environment along one or more directions, the
directed light imparted with outgoing communication information to be received by a first
communications receiver reachable in at least one of the one or more directions; and
detecting incoming light, the incoming light corresponding to at least part of the outgoing

light reflected by the environment, wherein at least one characteristic associated with the
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detected light includes distance information for estimation of the spatial profile of the

environment associated with the one or more outgoing directions.

In some embodiments the outgoing light is provided at one or more selected
wavelength channels, and the one or more directions correspond to the respective one or

more selected wavelength channels.

In some embodiments, the method further includes: determining one or more selected
directions for light imparted with further outgoing communication information to be directed
to the first communications receiver; and directing further outgoing light into the
environment along the one or more selected directions, the further directed light imparted
with the further outgoing communication information to be received by the first

communications receiver.

In some embodiments, there are at least two units each performing an embodiment of
the method described in the preceding paragraphs, wherein the method further includes
communicating, from one unit to another unit, information based on the detecting by that unit
and utilising the communicated information to effectively extend a spatial profiling range of

the other unit.

According to a third aspect of the present disclosure, there is provided a
communications receiver for receiving light directed from a system for facilitating estimation
of a spatial profile of an environment in which the communications receiver is located, the

directed light being imparted with communication information.

In some embodiments the communications receiver further includes a recognisable

object profile, recognisable by the system.

In some embodiments the communications receiver has a field of view greater than a

threshold field of view.
In some embodiments the communications receiver has an adjustable field of view.

According to a fourth aspect of the present disclosure, there is provided a
communications network comprising a plurality of transmitters and a plurality of receivers,
wherein the plurality of transmitters each comprise a light source configured to provide

outgoing light and a beam director configured to direct the outgoing light into the
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environment along one or more directions, the directed light imparted with outgoing
communication information, and wherein the plurality of receivers to receive the directed
from at least one said transmitter, wherein the network comprises at least two stationary units
at different physical locations comprising a first said transmitter and a first said receiver in
communication with the first transmitter and at least one mobile unit comprising a second
said receiver and a second said transmitter, the at least one mobile unit providing an ad-hoc

communication node within the communications network.

In some embodiments at least one of the at least two stationary units and at least one
mobile unit is configured to gather spatial profiling information of an environment about the

unit and communicate the spatial profiling information to another of the units.

Each of the units may have the characteristics of any embodiment of the system for

facilitating estimation of a spatial profile of an environment disclosed herein.

Further aspects of the present disclosure and further embodiments of the aspects
described in the preceding paragraphs will become apparent from the following description,

given by way of example and with reference to the accompanying drawings.

Brief description of the drawings

Figure 1 illustrates an arrangement of a system for facilitating estimation of a spatial

profile of an environment.

Figure 2 illustrates the system of Fig. 1 in an environment including a

communications receiver and a communications transmitter.

Figure 3 illustrates an outline of a method for facilitating estimation of a spatial

profile of an environment.

Figure 4 illustrates a use-case scenario of the present disclosure.

Detailed description

Disclosed herein is a system and method for facilitating estimation of a spatial
profile of an environment based on a light detection and ranging (LiDAR) based technique.

“Light” hereinafter includes electromagnetic radiation having optical frequencies, including
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far-infrared radiation, infrared radiation, visible radiation and ultraviolet radiation. In general,
LiDAR involves transmitting light into the environment and subsequently detecting reflected
light returned by the environment. By determining the time it takes for the light to make a
round trip to and from, and hence the distance of, reflecting surfaces within a field of view,
an estimation of the spatial profile of the environment may be formed. In one arrangement,
the present disclosure facilitates spatial profile estimation based on directing light over one
dimension, such as along the vertical direction. In another arrangement, by further directing
the one-dimensionally directed light in another dimension, such as along the horizontal
direction, the present disclosure facilitates spatial profile estimation based on directing light

in two dimensions.

The discloser(s) of the present disclosure recognise(s) that, where part of the
environment to be spatially profiled includes an optical receiver, the transmitted light may
additionally be used to carry information for communication purposes. As illustrated in Fig.
4, in the context of transportation, where the transmitted light 400A, B and C originates from
a mobile unit (e.g. a road vehicle 402 or railway vehicle (not shown)), the optical receiver
may be located on another mobile unit (e.g. another road vehicle 404 or railway vehicle (not
shown)) or a stationary unit (e.g. a road-side unit, such as traffic light 406, a building 408 or a
railway signalling unit (not shown)). Communication with another mobile unit may be to
improve transport safety (e.g. to avoid collision with each other) on an ad-hoc and point-to-
point basis. This kind of communication requires low-latency communication, responsive to
the potentially rapidly changing relative movements of the mobile units. On the other hand,
communication with a stationary unit may be to provide locality-based information (e.g. to
alert surrounding units of hazards ahead or to retrieve traffic data), or to allow downloading

or uploading of information to a wider network (e.g. the Internet).

The multiple units (e.g. 402, 404, 406 and 408) may be connected to form, extend or
reroute a communications network. For example, stationary units may be deployed on roof
tops of buildings (such as 408) to form communication nodes, whereas the mobile units (such
as 402 and 404) may act as ad-hoc communication nodes to add bandwidth or capacity to the
communication network. Compared to non-free-space optical communication (i.e. fibre-optic
communication), free-space optical communication has a lower latency due to the higher
speed of light in free-space (or air) than in optical fibres. As another example, the spatial

profiling range of one unit (e.g. 404) may be extended by receiving additional spatial
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profiling information (e.g. carried by light 400A), via the disclosed free-space
communication technique, from another unit (e.g. 404), and vice versa. Two units therefore

can share spatial profiling information and extend their individual range.

In a general form, as illustrated in Fig. 1, the disclosed system 100 includes a light
source 102 configured to provide outgoing light, a beam director 103 configured to direct the
outgoing light 120 into the environment 110 along one or more directions, and a light
detector 104 configured to detect incoming light 130, the incoming light corresponding to at
least part of the outgoing light 120 reflected by the environment 110. At least one
characteristic associated with the detected light includes distance information for estimation
of the spatial profile of the environment 110 associated with the one or more outgoing
directions. The beam director 103 may include expansion optics 103A which is fibre-
optically coupled to the light source 102 and light detector 104. The beam director 103 may
additionally include a dispersive element 103B which is free-space coupled to the expansion
optics 103A. The disclosed system 100 may include a circulating element 106 so that at least
parts of the outgoing path 125 and incoming path 135 are shared.

A skilled person in the art would appreciate that the appropriate characteristics to
rely upon depend on the form of the outgoing light. Where the outgoing light is in the form of
a pulse, an appropriate characteristic may include the round-trip time of the peak or centre of
the pulse. Where the outgoing light is in the form of a modulated waveform, an appropriate
characteristic may include the phase shift or phase delay of the incoming light. Where the
outgoing light is in the form of an encoded pulse or modulation, an appropriate characteristic

may include the cross-correlation of the incoming light with the code.

The directed light is imparted with outgoing communications information. For
example, communication information may be imparted on to light by a modulator, such as an
intensity modulator or a phase modulator. As illustrated in Fig. 2, the outgoing
communications information from the disclosed system 100 is to be received by a
communications receiver 202 reachable in at least one of the one or more directions. In the
context of transportation, where the outgoing communications information originates from a
mobile unit (e.g. a road or railway vehicle), the communications receiver may be located on
another mobile unit (e.g. another road or railway vehicle) or a stationary unit (e.g. a road-side

unit or a railway signalling unit). Communication with another mobile unit may be to
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improve transport safety (e.g. to avoid collision with each other), whereas communication
with a stationary unit may be to provide locality-based information (e.g. to alert surrounding
units of hazards ahead or to retrieve traffic data). In some arrangements, the disclosed system
100 includes a processor 105 for processing information, such as the distance information
and/or the communications information. A skilled person would appreciate that references to
“a processor’” are intended to include information processing by more than a single unit of

processor or by distributed processing.

In some arrangements, the communications receiver 202 is operatively coupled to a
communications transmitter 204 for transmitting responsive communications information, in
response to receipt of the outgoing communications information received by the
communications receiver 202. The communications receiver 202 and communications
transmitter 204 together may be a communications transceiver as a single unit. Alternatively

the communications receiver 202 and communications transmitter 204 are separate.

In one arrangement, the outgoing light includes a maximum- length-based sequence
(MLS) to encode the outgoing light. For example, the MLS includes a family of Barker code.
The processor may be configured to authenticate the encoded incoming light carrying the
distance information based on the MLS. For example, the processor may cross-correlate the
incoming light with a local copy of the MLS used in the outgoing light to determine whether
the incoming light is authenticated. If the correlation is high (e.g. resulting in a correlation
signal at or above a threshold signal level), the incoming light is authenticated. Otherwise or
if the correlation is low (e.g. resulting in a correlation signal below a threshold signal level),
the incoming light may be caused by spoofing and is not authenticated. In one arrangement,
the bandwidth of the MLS is between approximately 10 MHz and approximately 1GHz. In
another arrangement, the bandwidth of the MLS is between approximately 50 MHz and
approximately 200 MHz. In yet another arrangement, the bandwidth of the MLS is
approximately 100 MHz. In one arrangement, the light source 102 includes an encoder (e.g.
an intensity modulator and/or a phase modulator) to encode the communications information
at one or more in-band frequencies on the MLS. In this arrangement, the MLS itself
represents encoded information to be communicated to the communications receiver 202. The
bandwidth of the encoded information is therefore similar to that of the MLS (e.g. between
approximately 10 MHz and approximately 1GHz). In one example, the MLS may be

represented by a binary sequence (i.e. two levels), such as low and high intensity levels. In
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another example, the MLS may be represented by more than two levels. In the binary
example, the MLS may be a “MLS9” sequence, being seeded by 9 bits of information to
generate a 511-bit long sequence (2°-1 = 511) for encoded transmission. The receiver 202
may be configured to decode the MLS9 sequence to recover an estimate of the 9 bits of
information. In this arrangement, the transmitted information is encrypted. This arrangement
is resistant to noise but requires overhead and more signal processing. To improve use of
communication bandwidth, once the system 100 determines the direction in which the
communications receiver 202 can be reached (e.g. in the first scan of the environment), the
system 100 may be configured to omit subsequent scans of the environment, and may be
configured to direct light carrying the communication information to the communications

receiver 202 until all information has been transmitted.

In an alternative arrangement, the light source 102 includes an encoder (e.g. an
intensity modulator and/or a phase modulator) to encode the communications information at
one or more out-of-band frequencies on the MLS. In this arrangement, information to be
communicated to the communications receiver 202 is encoded on to the MLS. The bandwidth
of the encoded information is therefore higher than that of the MLS (e.g. beyond
approximately 1 or a few GHz). For example, the encoder may encode the communication as
a small amplitude or intensity fluctuation (e.g. 1%) of the amplitude or intensity of the MLS.
The bandwidth of the fluctuation can be independent of the MLS bandwidth. The bit rate of
this alternative arrangement can therefore be at or above approximately 1 Gb/s. To decode
the communications information, the communications receiver 202 may include a high-pass
filter to suppress the underlying frequencies of the MLS (e.g. below 1 GHz) to emphasise the
out-of-band frequencies carrying the communications information. Still alternatively, the
light source 102 includes an encoder (e.g. an intensity modulator and/or a phase modulator)
to encode the communications information at both in-band and out-of-band frequencies on
the MLS. A skilled person would appreciate that other types of sequences, such as pseudo-
random binary sequence, may be used instead of MLS. Further, the encoder may encode the
communications in a non-binary and/or non-digital manner, such as using sinusoidal

modulation.

In one arrangement, as illustrated in Fig. 1, the outgoing light is provided at one or
more selected wavelength channels A; ... Ax, and the one or more directions correspond to

the respective one or more selected wavelength channels A; ... An. Wavelength-dependent
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directivity assists to suppress communications information from being transmitted and/or
received from unintended directions. In this arrangement, the system 100 provides an
inherent directional filter. For example, a vehicle having the system 100 and stopping at a set
of traffic lights with a corresponding communications receiver 202 communicates with the
corresponding communications receiver 202 at a specific direction(s) and hence a specific
wavelength channel(s). In this example, either or both of the vehicle and the set of traffic
lights may lock on to the specific wavelength channel(s) for communications purposes,
thereby potentially reducing noise or malicious attacks, or the chance of the communications

information being intercepted.

In one arrangement, the communications information may be broadcast in all
directions in which outgoing light is directed. Alternatively, the communications information
may be imparted on light to be directed in only one (i.e. unicast) or some (i.e. multicast) of
the directions. In this alternative arrangement, the communication information may be
imparted on one or more selected directions based on a recognisable object profile in the
estimated spatial profile to facilitate directing the directed light. An object profile may
include a shape, contour, and/or reflected optical intensity of the object. For example, in case
of continuous scanning for spatial profile estimation, a first scan of the environment 110
enables the processor 105 to determine presence of any communications receiver based on
recognition of its shape, contour, and/or reflected intensity. Based on the direction(s) of any
present communications receiver as determined by the first scan, with or without any velocity
information (magnitude and direction) of the disclosed system 100, the processor 105 may
determine the direction(s) in which the outgoing light in second and subsequent scans are
likely received by the present communications receiver. This selectivity reduces unnecessary
power usage and, alternatively or additionally, reduces the chance of the communications

information being intercepted.

In one arrangement, the light detector 104 includes a communications receiver (not
shown) to receive, from the communications transmitter 204, light imparted with incoming
communication information. This arrangement allows two-way communication between the
disclosed system 100 (e.g. located on a mobile unit such as a road vehicle or railway vehicle)
and a corresponding system (e.g. located on another mobile unit or a stationary unit such as a
road-side unit or a railway signalling unit) in the environment 110. A skilled person would

appreciate that the description herein on the system 100 is equally applicable to the
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corresponding system. For example, like the system 100, the corresponding system is
configured to facilitate estimation of a spatial profile of an environment. Such estimation
allows the corresponding system to, responsive to receipt of communication information from
the system 100, determine the direction in which light carrying responsive communication

information may be directed to reach the system 100.

In another aspect, there is provided a method 300 for facilitating estimation of a
spatial profile of an environment. The method 300 includes the step 302 of providing
outgoing light, the step of 304 of directing the outgoing light into the environment along one
or more directions, the directed light imparted with outgoing communication information to
be received by a first communications receiver reachable in at least one of the one or more
directions, and the step 306 of detecting incoming light, the incoming light corresponding to
at least part of the outgoing light reflected by the environment, wherein at least one
characteristic associated with the detected light includes distance information for estimation

of the spatial profile of the environment associated with the one or more outgoing directions.

The method 300 may further include the steps of determining one or more selected
directions for light imparted with further outgoing communication information to be directed
to the first communications receiver, and directing further outgoing light into the
environment along the one or more selected directions, the further directed light imparted
with the further outgoing communication information to be received by the first

communications receiver.

In another aspect of the present disclosure, there is provided a communications
receiver 202 for receiving light directed from a system 100 for facilitating estimation of a
spatial profile of an environment in which the communications receiver is located, the
directed light being imparted with communication information. The communications receiver
202 may include a recognisable object profile, recognisable by the system 100. The
recognition may assist in directing the directed light from the system 100 to the
communications receiver 202. An object profile may include a shape, contour, and/or
reflected optical intensity of the object. The reflected optical intensity of an object may
include a variation in the reflected optical intensity across the objection. For example, the
variation in reflected optical intensity may be achieved the object including regions 206 of

contrasting reflectivity, such as in the form of a barcode or QR code. In this example, the
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system 100 upon estimating the spatial profile of the environment 110 is configured to
recognise a recognisable reflected optical intensity achieved by the regions 206 of contrasting

reflectivity.

In one arrangement, the communications receiver 202 may have a field of view
(FOV) greater than a threshold FOV. While a wide FOV relates to poor efficiency, the wide
FOV facilitates collection, at a wide angle or solid angle, of the transmitted light carrying
communications information. The threshold FOV may be dependent on one or more of the

following factors:

1. The threshold FOV may be dependent on the FOV of the system 100. For
example, the FOV of the communications receiver 202 is larger than the
FOV of the system 100. In another example, the FOV of the
communications receiver 202 is a set multiple (e.g. 2, 3,4, 5,6, 7, 8,9 or 10
times) or near a set multiple larger than the FOV of the system 100.

2. The threshold FOV may depend on the required angle of light collection. For
example, a set of traffic lights may be angled at a particular direction, and
hence a particular solid angle, from vehicles stopping at the set of traffic
lights. To capture communications information from , e.g., the first 10
vehicles stopped at the set of traffic lights, the threshold FOV is determined
based on allowing collection of the transmitted light carrying the
communications information from at least as far as 10 average vehicle
lengths away (ignoring vehicle-to-vehicle separation).

3. The threshold FOV may depend on the minimum required received optical
power of the communications receiver 202. For example, if the minimum

required received optical power is P gy = -20 dBm, and if the transmitted

optical power leaving the system 100 is Pty =+30dBm, the FOV may be
increased to withstand as much as 50 dB loss (Py - Pmme), with the
threshold FOV corresponding to a FOV contributing to 50 dB loss (Prx -

PIHiIlRX) .

In one arrangement, the communications receiver 202 includes an optical diffuser to
facilitate collection of the transmitted light. The optical diffuser acts to widen the FOV of the

communications receiver 202.
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In one arrangement, the FOV of the communications receiver 202 is adjustable. For
example, the communications receiver 202 may include a telescopic lens system to adjust its
FOV. The adjustment may be a magnification of from the original FOV to a magnified FOV.
In another example, the communications receiver 202 may swappable lenses to adjust its

5 FOV. The FOV may be adjusted based on the threshold FOV, which may change over time.

Now that arrangements of the present disclosure are described, it should be apparent
to the skilled person in the art that at least one of the described arrangements have the

following advantages:

e The optical energies used for distance or ranging needs can be
10 simultaneously repurposed for communication needs.
e Wavelength-dependent directivity provides a directional filter, potentially
reduces noise or malicious attacks, or the chance of the communications

information being intercepted.

It will be understood that the invention disclosed and defined in this specification
15  extends to all alternative combinations of two or more of the individual features mentioned or
evident from the text or drawings. All of these different combinations constitute various

alternative aspects of the invention.
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A system for facilitating estimation of a spatial profile of an environment, the system
including:

a light source configured to provide outgoing light;

a beam director configured to direct the outgoing light into the environment
along one or more directions, the directed light imparted with outgoing
communication information to be received by a first communications receiver
reachable in at least one of the one or more directions; and

a light detector configured to detect incoming light, the incoming light
corresponding to at least part of the outgoing light reflected by the environment,
wherein at least one characteristic associated with the detected light includes distance
information for estimation of the spatial profile of the environment associated with the

one or more outgoing directions;

wherein the outgoing light is provided at one or more selected wavelength
channels, and the one or more directions correspond to the respective one or more

selected wavelength channels.

The system of claim 1 wherein the outgoing light includes a maximum -length -based

sequence (MLS) to encode the outgoing light.

The system of claim 2 wherein the light source includes an encoder to encode the

communications information at an in-band frequency on the MLS.

The system of claim 2 wherein the light source includes an encoder to encode the

communications information at an out-of-band frequency on the MLS.

The system of any one of the preceding claims wherein the outgoing light includes a

Barker code.

The system of any one of the preceding claims wherein the beam director comprises a

dispersive element free-space coupled to expansion optics.
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The system of any one of the preceding claims further including a processer to
determine the at least one of the one or more directions based on the estimated spatial

profile.

The system of claim 6 wherein the processor is configured to determine one or more
selected directions based on a recognisable object profile in the estimated spatial

profile to facilitate directed communication.

The system of any one of claims 1-6 wherein the at least one of the one or more
directions includes all of the one or more directions to facilitate a broadcast

communication.

The system of any one of the preceding claims wherein the first communications
receiver is coupled to a communications transmitter, and the light detector includes a
second communication receiver to receive, from the communications transmitter, light

imparted with incoming communication information.

The system of any one of the preceding claims wherein the system is located in a road
vehicle, and wherein the first communications receiver and/or the communications

transmitter is/are located in a road-side unit.

The system of any one of the preceding claims wherein the system is located in a first
road vehicle, and wherein the first communications receiver and/or the

communications transmitter is/are located in a second road vehicle.

The system of any one of the preceding claims wherein the system is located in a
railway vehicle, and wherein the first communications receiver and/or the

communications transmitter is/are located in a rail-side unit.

The system of any one of the preceding claims wherein the system is located in a first
railway vehicle, and wherein the first communications receiver and/or the

communications transmitter is/are located in a second railway vehicle.

A method for facilitating estimation of a spatial profile of an environment, the method

including the steps of :
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providing outgoing light at one or more selected wavelength channels to a
beam director that directs received light based on wavelength;

directing, by the beam director, the outgoing light into the environment along
one or more directions, the directed light imparted with outgoing communication
information to be received by a first communications receiver reachable in at least one
of the one or more directions; and

detecting incoming light, the incoming light corresponding to at least part of
the outgoing light reflected by the environment, wherein at least one characteristic
associated with the detected light includes distance information for estimation of the

spatial profile of the environment associated with the one or more outgoing directions.

The method of claim 15 further including the steps of:

determining one or more selected directions for light imparted with further
outgoing communication information to be directed to the first communications
receiver; and

directing further outgoing light into the environment along the one or more
selected directions, the further directed light imparted with the further outgoing

communication information to be received by the first communications receiver.

The method of claim 15 or claim 16, wherein the beam director comprises a

dispersive element free-space coupled to expansion optics.

The method of any one of claims 15 to 17, wherein the processes of providing
outgoing light, directing the outgoing light and detecting incoming light are
performed by a first unit, the method further comprising:

also performing the processes of providing outgoing light, directing the
outgoing light and detecting incoming light at a second unit located in the
environment of the first unit;

communicating from the second unit to the first unit information based on the
detecting by the second unit; and

utilising the communicated information to effectively extend a spatial

profiling range of the first unit.
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