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Description
BACKGROUND

[0001] The presentinvention concerns a building mon-
itoring system. More particularly, but not exclusively, this
invention concerns a method and apparatus for monitor-
ing a building comprising a plurality of rooms.

[0002] Various methods are known of monitoring
rooms in a building. For example, many buildings include
intruder alarms in which passive IR or other detectors
are provided to detect intruders and sound an alarm, usu-
ally an audible alarm, and in many cases such alarms
also send an alarm signal over a telephone line to a mon-
itoring centre. Similarly, smoke detectors, manual fire
alarms and other fire detectors are frequently used to
monitor rooms in a building, again often with a reporting
signal sent to a monitoring centre if the detector is trig-
gered. Buildings are also often monitored by security
guards, who may communicate wirelessly with a central
security office, for example by short-wave radio.

[0003] InWO2014/041350 (MBDA UK Limited), we de-
scribe aroom occupancy sensing apparatus and method
for a building comprising a plurality of rooms. A light
source emits a series of light pulses, a plurality of
waveguides deliver light from the light source to output
nodes located in the rooms, and a signal capture unit
receives output signals resulting from light reflected by
objects in the rooms. The apparatus detects movement,
of for example a person, in a room and ascertains the
room concerned by virtue of (i) detecting a difference
betweenthe shape of the waveform of the signal received
at the signal capture unit in response to a first emitted
light pulse and the shape of the waveform of the signal
received at the signal capture unit in response to a sec-
ond emitted light pulse and (ii) relating said reflected light
pulses to the appropriate output node and therefore to
the room associated with that output node.

[0004] Central monitoring of dedicated devices such
as intruder detectors and fire detectors often requires
multiple communication networks for each device. Hu-
man monitoring, for example by security guards, is much
more flexible than using fixed, dedicated monitors, but is
labour-intensive and hence expensive. Moreover, some
incidents, forexamplefires, presentvery serious dangers
to a security guard, and the need to monitor the incident
must be balanced against the safety of the personnel
involved. If, for example, a person is injured in a building
that is on fire, the need to guide fire or paramedic per-
sonnel to the casualty must be balanced against the
threat to the security guard in remaining in the building.
[0005] The presentinvention seeks to mitigate one or
more of the above-mentioned problems. Alternatively or
additionally, the present invention seeks to provide an
improved building monitoring system.
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SUMMARY

[0006] The present invention provides, according to a
first aspect, apparatus for monitoring a building having a
plurality of rooms, the apparatus comprising:

- a plurality of beacons each arranged to transmit a
light output signal;

- aplurality of waveguides for deploymentin the build-
ing so that each of the plurality of rooms has at least
one of the waveguides arranged to receive the light
output signal from one or more of the beacons when
said one or more of the beaconsis active inthatroom;

-  atleast one signal capture unit arranged to receive,
via the waveguides, the light output signals resulting
from the beacons in the rooms; and

- asignal processor;

wherein the signal processor is arranged to distinguish,
in use, the light output signal from a first beacon in a first
room from the light output signal from a second beacon
in a second, different, room.

[0007] The present invention provides, according to a
second aspect, a method of monitoring a building having
a plurality of rooms, comprising:

- atleastone beaconinatleastofthe one roomstrans-
mitting at least one light output signal;

- atleast one waveguide in a room receiving the light
output signal(s) from one or more of the beacons
when said one or more of the beacons is active in
that room;

- receiving, via the waveguides, the light output sig-
nals resulting from the beacons in the rooms; and

- processing the light output signals received via the
waveguides to identify the location and/or status of
the beacon.

[0008] The present invention provides, according to a
third aspect, a building having a plurality of rooms, the
building including an apparatus according to the first as-
pect.

[0009] It will of course be appreciated that features de-
scribed below in relation to one aspect of the present
invention may be incorporated into other aspects of the
present invention. For example, the method of the inven-
tion may incorporate any of the features described with
reference to the apparatus of the invention and vice ver-
sa.

DESCRIPTION OF THE DRAWINGS
[0010] Embodiments of the present invention will now
be described by way of example only with reference to

the accompanying schematic drawings of which:

FIG. 1 shows a room monitoring system (a) in ac-
cordance with a first embodiment of the present in-
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vention and (b) in accordance with an example al-
ternative embodiment of the invention;

FIG. 2 shows the room monitoring system of the first
embodiment in (a) a room containing a deployed
portable beacon, (b) aroom containing a permanent-
ly installed beacon, and (c) a room containing a per-
son wearing a wearable beacon;

FIG. 3 shows the occupancy sensing system of the
first embodiment in use in two adjacent rooms;
FIGS. 4a to 4d show the steps of emitting and re-
ceiving light pulses as used in a further example em-
bodiment of the invention;

FIG 5 shows the arrangement of the network of
nodes provided for emitting and receiving light puls-
es in the further embodiment; and

FIG 6 shows a display used in the further embodi-
ment.

DETAILED DESCRIPTION

[0011] Theapparatus of the firstaspect of the invention
is apparatus for monitoring a building having a plurality
ofrooms. A plurality of beaconsis each arranged to trans-
mit a light output signal. The apparatus also comprises
a plurality of waveguides suitable for deployment in the
building so that each of the plurality of rooms has at least
one of the waveguides arranged to receive the light out-
put signal from one or more of the beacons when said
one or more of the beacons is active in that room. There
is at least one signal capture unit arranged to receive,
via the waveguides, the light output signals resulting from
the beacons in the rooms. A signal processor is arranged
to distinguish, in use, the light output signal from a first
beacon in a first room from the light output signal from a
second beacon in a second, different, room.

[0012] An advantage of using light for communication
from and, optionally, to the beacons is that the light output
signals transmitted by beacons in different rooms can be
identical, as room layouts are often such that light is sub-
stantially prevented from transmitting from one room to
another. Rooms are typically separated by partitions
walls that do not transmit light. Even where rooms are
separated by partitions that transmit some wavelengths
of light, the light may be selected to be of an operating
wavelength that is not transmitted by the partition (for
example, in the case of a glass partition, the wavelength
may be an appropriate infrared wavelength).

[0013] The light output signal transmitted by the bea-
cons may be a pulse or a series of pulses.

[0014] The waveguides may conveniently be in the
form of fibre optic cable.

[0015] It may be that the light is of an intensity and/or
an operating wavelength selected to provide a signal-to-
noise ratio sufficient to distinguish the light output signals
from ambient light sources. The apparatus may include
a filter to attenuate incoming light of wavelengths other
than the operating wavelength.

[0016] Some or all of the beacons may be portable
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beacons for ad hoc deployment in a room.

[0017] Some or all of the beacons may be wearable
beacons for wearing by personnel within the building.
The signal processor may be configured to track the lo-
cation in the building of a person wearing the beacon, for
example a paramedic, fireman, security guard or lone
worker.

[0018] Some or all of the beacons may be fixable bea-
cons, that is beacons configured for permanent deploy-
ment in a room.

[0019] Some or all of the beacons may be arranged to
send a pre-selected signal indicative of an event or other
circumstance. For example, a beacon may be arranged
to send a pre-selected signal indicative of an outbreak
of fire. Abeacon may be arranged to send a pre-selected
signal indicative of the presence of an injured person. A
beacon may be arranged to send a pre-selected signal
indicative of the absence of any abnormal circumstances
-i.e. an "all clear" signal. Some or all of the beacons may
each have a dedicated purpose, such that the beacon is
arranged to send only one kind of pre-selected signal,
e.g.indicative of the presence of aninjured person. Some
or all of the beacons may be selectably configurable to
send any of a plurality of the pre-selected signals. The
configuration of a selectively configurable beacon may
be selected by sending a signal to the beacon. The signal
may be sent via one or more waveguides, for example
the waveguides arranged to receive the light output sig-
nal from one or more of the beacons. The signal may be,
for example, a code pre-selected to identify the configu-
ration being selected or a wavelength of light pre-select-
ed to identify the configuration being selected.

[0020] The signal processor may be arranged to dis-
tinguish between the light output signal from the first bea-
con and the light output signal from the second beacon
using a time delay between the light output signal from
the first beacon arriving at the signal capture unit and the
light output signal from the second beacon arriving at the
signal capture unit. The time delay may result from a
difference between the waveguide path length from the
first room to the signal capture unit and the waveguide
path length from the second room to the signal capture
unit. The waveguide path length may be different for eve-
ry waveguide in every room. The waveguide path length
may be the same for every waveguide in any given room,
but different for every waveguide in every other room;
that is, each room may be associated with a unique
waveguide path length.

[0021] The light output signal may carry encoded data.
[0022] The beacons may be arranged to transmit the
light output signals in response to a synchronisation sig-
nal. The beacon may be arranged to transmit the light
output signal after a pre-selected time delay following
receipt of the synchronisation signal. The beacon may
include or be connected to a clock and the synchronisa-
tion signal may be provided by the clock. For example,
each beacon may be configured to transmitits light output
signal at a specific time relative to each other beacon,
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for example each beacon may transmit at a time unique
to it or each beacon may transmit at the same time. The
synchronisation signal may be a signal transmitted wire-
lessly to the beacon. The apparatus may include a light
source for providing the synchronisation signal and the
synchronisation signal may be a synchronisation light
signal transmitted to the beacon from the light source.
The synchronisation light signal may be transmitted to
the beacon from the light source using a waveguide. The
waveguide may be one of the plurality of waveguides
arranged to receive the light output signal from one or
more of the beacons.

[0023] The apparatus may include a memory for re-
cording the status and/or location of the beacons.
[0024] The apparatus may include one or more dis-
plays for displaying the status and/or location of the bea-
cons. For example, at least one of the displays may be
for installation in a control centre in the building and/or
at least one of the displays may be a portable display
(e.g. atabletcomputer). The portable display may include
one of the beacons; thus, the portable display may both
transmit its own location and/or status and display the
location and/or status of the other beacons.

[0025] At least a part of the signal processor may be
formed as part of the signal capture unit. Alternatively,
the signal processor may be wholly separate from the
signal capture unit.

[0026] The apparatusis preferably arranged to convert
the light output signals from the beacons into digital sig-
nals for processing by the signal processor. There may
therefore be transducers for converting the light signals
into electric signals. The signal capture unit may be ar-
ranged to receive the light output signals from the bea-
cons by means of receiving the light directly. In such a
case, the signal capture unit may itself include one or
more light transducers. The light transducers may con-
vert the light output signal into an electric signal. Alter-
natively, or additionally, one or more light transducers
may be provided separately from the signal capture unit.
In such a case, the output signals received by the signal
capture unit may include electric signals converted by
the light transducers from light reflected in aroom. There
may be a transducer that is arranged to generate electric
signals from light signals reflected by objects in each of
a plurality of different rooms. The or each transducer may
be in the form of a photodiode.

[0027] The light source may be a laser light source.
The laser light source is preferably in the form of an in-
frared (IR) laser unit.

[0028] The apparatus may further comprise a room oc-
cupancy sensing apparatus. The room occupancy sens-
ing apparatus may comprise at least one light source
arranged to emit a series of light pulses. The room oc-
cupancy sensing apparatus may comprise a plurality of
waveguides, at least some of the waveguides being ar-
ranged to deliver light from the light source to one or more
output nodes located in each of the plurality of rooms.
The room occupancy sensing apparatus may comprise
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at least one signal capture unitarranged to receive output
signals resulting from light reflected by objects in the plu-
rality of rooms. The room occupancy sensing apparatus
may comprise a signal processor. The apparatus may
be arranged so as to be able to distinguish between a
light pulse reflected by an object in a room delivered to
that room via any one output node from a reflected light
pulse originating from any output node associated with
any different room. The apparatus may be so arranged
that, in use, the signal processor compares the shape of
the waveform of the signal received at the signal capture
unitin response to afirst emitted light pulse with the shape
of the waveform of the signal received at the signal cap-
ture unit in response to a second emitted light pulse.
Thus, the apparatus may be able both to detect move-
ment in a room and to ascertain the particular room in
which movement has occurred by virtue of (i) detecting
a difference between the shapes of the waveforms of the
signals received by the signal capture unit resulting from
reflected light pulses from such first and second emitted
light pulses and (ii) relating said reflected light pulses to
the room concerned.

[0029] As mentioned above, the apparatus is advan-
tageously able to distinguish between a light pulse re-
flected by an object in a room delivered to that room via
any one outputnode and areflected light pulse originating
from any other output node. This may be achieved in any
suitable way. In the described embodiments, where the
width (duration) of the light pulses is relatively low, the
timing of the pulse is used to determine which node the
pulse has been reflected from. Preferably, the apparatus
introduces a time delay between the light delivered to
one room and the light delivered to the next room. When
using a single light source with many rooms, this may be
achieved by emitting a single pulse, splitting that pulse
for delivering to multiple different output nodes, and en-
suring that the path length to each such output node dif-
fers sufficiently that the pulses are emitted from each
output node with a delay between successive pulses at
the time they are emitted. Thus, the reflected pulses are
then advantageously separated from each other tempo-
rally, allowing the apparatus to determine the output node
from which a reflected pulse originated. Conveniently,
the waveguides that deliver the light to the output nodes
differ in length sufficient to introduce such a time delay
between the pulses by successive output nodes. It will
be appreciated that a waveguide for delivering light from
a light source to a distant room will necessarily have a
minimum length that is longer than the minimum length
required of a waveguide for delivering light to a room that
is closer to the light source. As such, it may be convenient
(but not necessary) to build in a longer time delay in re-
lation to output nodes that are further away from the light
source than the time delay in relation to output nodes
that are closer to the light source. Alternatively, or addi-
tionally, different wavelengths of light could be used to
distinguish between light sent to and reflected by certain
rooms. Alternatively, or additionally, more light transduc-
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ers could be provided per room. Each room may com-
prise one or more input nodes for collecting light reflected
in the room. Conveniently, at least some of the plurality
of waveguides are arranged for delivering light reflected
by objects in the plurality of rooms, via one or more input
nodes in each room, to the signal capture unit. At least
some of the plurality of waveguides are arranged both to
deliver light from the light source to one or more output
nodes and to deliver reflected light from one or more input
nodes. Thus, the same waveguide may be used both to
deliver light and to receive reflected light. At least one
input node may also perform the function of an output
node. (As such references herein to an "output" node
may, where the context so allows, equally apply to an
"input" node and vice versa. Also, features described with
reference to one of the three principal types of node,
namely (a) an input node, (b) an output node, or (c) a
node that performs both as an input node and an output
node, may equally apply to a node of a different one of
those three types.) There may be advantages in having
more input nodes in a room than the number of output
nodes in that room, for example in view of the way in
which light may be reflected within the layout of a certain
room. Each input node may be arranged to collect and/or
detect light at a given region, but may not be configured
to distinguish between the intensity or wavelength of the
light at different positions within that region. In effect,
each input node may be in the form of a single pixel node.
Whilst, there may be many nodes arranged in a room a
majority of the nodes are preferably spaced apart from
each other.

[0030] There are preferably a plurality of output nodes.
The series of light pulses may be emitted from the output
nodes in a set sequence with a set time delay between
the successive emissions. The set time delay may be the
same as between a first pair of successive emissions (for
a given beam for example) and a second pair of succes-
sive emissions (for the same beam for example). The set
time delay may be different as between a first pair of
successive emissions and a later pair of successive
emissions (for example for the same beam). There may
be such a time delay between every beam in a given
space (such as a room). The provision of such time de-
lays preferably allows for changes / movement to be de-
tected on a per beam basis.

[0031] The nodes may each be provided with an ap-
propriate lens suited to ensure that the node covers the
intended area of the room. A Fresnel lens may be used
for example.

[0032] Embodiments of the apparatus of the invention
are thus advantageously able to detect movement in a
room by virtue of detecting a difference between signals,
preferably by comparing the shapes of the waveforms of
the signals, received by the signal capture unit resulting
from reflected light pulses from such first and second
emitted light pulses. Embodiments of the apparatus of
the invention are able to ascertain the particular room in
which detected movement has occurred by virtue of re-
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lating said reflected light pulses to the room concerned
(for example by relating said reflected light pulses to the
appropriate output node and therefore to the room asso-
ciated with that output node).

[0033] The room occupancy sensing apparatus may
comprise one or more transducers for converting varying
light signals reflected by objects in the rooms into electric
signals having a resolution sufficient to enable detection
of changes in lightintensity of aduration ofananosecond.
[0034] At least some of the plurality of waveguides of
the room occupancy sensing apparatus may be arranged
for both delivering light reflected by objects in the plurality
of rooms, via one or more input nodes in each room, to
the signal capture unit and for delivering light from the
light source to one or more output nodes. At least one
input node may also perform the function of an output
node. The apparatus may be configured, during an un-
interrupted state of actively monitoring the building, to
detect movement or occupancy in aroom, to indicate that
the room is so occupied, to deem subsequently that the
room is no longer occupied, and to indicate that the room
is no longer occupied.

[0035] The apparatus may be arranged to use the light
pulses emitted by the light source of the room occupancy
sensing apparatus as synchronisation pulses for the bea-
cons. Alternatively, the apparatus may use different light
pulses for room occupancy sensing and as synchronisa-
tion pulses for the beacons. For example, the apparatus
may use light pulses of a first wavelength for room occu-
pancy sensing and of a second, different, wavelength for
synchronisation of the beacons.

[0036] Some or all of the plurality of waveguides of the
room occupancy sensing apparatus may also be
waveguides of the plurality of waveguides arranged to
receive the light output signal from one or more of the
beacons when said one or more of the beacons is active
in that room. Alternatively, separate waveguides may be
arranged for room occupancy sensing and beacon mon-
itoring.

[0037] Some or all of the signal capture units of the
room occupancy sensing apparatus may also be signal
capture units of the plurality of signal capture units ar-
ranged to receive, via the waveguides, the light output
signals resulting from the beacons in the rooms. Alter-
natively, separate signal capture units may be arranged
for room occupancy sensing and beacon monitoring.
[0038] The signal processor of the room occupancy
sensor may be or be comprised in the signal processor
arranged to distinguish, in use, the light output signal
from a first beacon in a first room from the light output
signal from a second beacon in a second, different, room.
[0039] The apparatus may be arranged to combine, in
recording and/or displaying, room occupancy data ob-
tained from the room occupancy sensor with beacon data
obtained from the monitoring of the beacons.

[0040] The step of monitoring for a difference between
the shapes of the detected waveforms of the first and
second reflected light pulses may comprise performing
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a direct comparison between (a) the shape of the detect-
ed waveform of the first reflected light pulse and (b) the
shape of the detected waveform of the second reflected
light pulse.

[0041] The step of monitoring for a difference between
the detected waveforms may be performed by means of
a signal processor, for example defined by or forming
part of a computer.

[0042] There may be a step of storing in the memory
of an electronic data storage unit data concerning the
shape of a multiplicity of detected waveforms, preferably
including some waveforms detected more than a few
minutes ago, and more than a hour ago.

[0043] The method of the second aspect of the inven-
tion is a method of monitoring a building having a plurality
ofrooms. Atleast one beacon in at least of the one rooms
transmits at least one light output signal. At least one
waveguide in a room receives the light output signal(s)
from one or more of the beacons when said one or more
of the beacons is active in that room. The light output
signals resulting from the beacons in the rooms are re-
ceived via the waveguides and processed to identify the
location and/or status of the beacon.

[0044] The building of the third aspect has a plurality
of rooms and includes installed apparatus according to
the first aspect.

[0045] Atleastone oftherooms may include (i) atleast
one beacon arranged to send a pre-selected signal in-
dicative of an event or other circumstance and (ii) at least
one other beacon arranged to send a pre-selected signal
indicative of a different event or other circumstance. For
example, atleast one of the rooms may include a beacon
arranged to send a pre-selected signal in the event of a
fire and another beacon arranged to send a pre-selected
signal in the event of a panic button being pressed.
[0046] The presentinvention has particular application
in relation to monitoring large buildings with many rooms
(ten or more). The building may have more than five
rooms, and may have more than ten rooms. Preferably,
more than five rooms (and possibly more than ten rooms)
are provided with the beacons. Preferably, substantially
all rooms in the building that are designed for human
occupation are associated with at least one waveguide,
and each waveguide has an output that is only associated
with one room.

[0047] Optionally, the rooms in which one or more of
the beacons are located may include at least one com-
munal area, for example an open plan area, corridor,
kitchen or lavatory area. The term "room" will be under-
stood to cover within its scope such areas within building.
The invention may thus have application into monitoring
any part of a building.

[0048] There maybeoneormore furtherbuildings hav-
ing rooms that are also monitored by the same room oc-
cupancy sensing apparatus.

[0049] Figs.1(a)and 2illustrate schematically the prin-
ciple of operation of building monitoring system in ac-
cordance with a first embodiment of the present inven-

10

15

20

25

30

35

40

45

50

55

tion. The system shown comprises a pulsed laser unit 20
which emits a train of identical pulses 22 of laser light
separated by a specified repetition interval, trep- The puls-
es 22 pass, via a waveguide network, to waveguide out-
put nodes 25 in three rooms 10, 12, 17. In response, a
respective beacon 30, 32, 37 within the Field of View
(FoV) of a node 25 in each room, emits a light output
signal in the form of a pulse 24. The pulses 24 emitted
by the beacons are detected and processed by a central
monitoring unit 27.

[0050] Inthe firstroom 10, a deployable beacon 30, in
the form of a cone, has been deployed because a casu-
alty 31 has been located in the room. In the second room
12, a permanently fixed beacon in the form of a fire alarm
32 has been activated due to the presence of a fire 33.
In the third room 17, a beacon 37 in the form of a badge
is worn by a security guard 39.

[0051] Each beacon includes (Fig. 1(a)) a photodetec-
tor 310 for detecting the pulses 22 from the waveguide
output nodes 25. The photodetector 310 sends a signal
indicative of the detection to a controller 320, which ac-
tivates a laser 330 to emit the light output signal pulse 24.
[0052] In an alternative arrangement (Fig. 1(b)), there
is no pulsed laser unit 20. Rather than using the train of
identical pulses 22 as a synchronisation signal to trigger
emission of the light output signal pulse 24, each beacon
30 includes a clock 340. The clock 340 emits a synchro-
nisation signal which is received by the controller 320,
which then activates a laser 330 to emit the light output
signal pulse 24, as in the first embodiment. Thus, in this
alternative embodiment, the waveguide output nodes 25
are used to receive the light output signal pulse 24, which
is then carried by the waveguide to the central monitoring
unit 27, but the waveguide nodes 25 are not used to out-
put light signals.

[0053] The first embodiment is shown in further detail
in Figure 3. Two of the rooms of Fig. 2, room 10 and room
17, are shown in Figure 3. A single pulse laser unit 20
generates successive pulses 22 of laser light, with a pe-
riod of tep that are split by splitters 50 into multiple light
paths (defined by fibre optic cable), each light path being
associated with a respective pulse of light. The pulses
are carried by fibre optic cable to multiple waveguide out-
puts in the form of nodes 25. A node is formed at the end
of the fibre optic cable in the room to be monitored and
is associated with a suitable lens in order to provide an
adequate field of view (although it would be possible for
an output node to be defined by the open end of the bare
fibre, which would in any case provide a relatively wide
field of view). The fan-out structure of the fibre optic cable
network illustrated in Fig. 3, particularly the arrangement
of signal splitters 50 between the source 20 and each
node 25, allows each node 25 to output approximately
the same pulse power, meaning that any required am-
plification of the pulse waveforms for analysis can be
substantially uniform. Return pulses 24 from beacons 30,
37 are carried back to the central monitoring unit 27,
which includes both a transducer, in the form of detector



11 EP 3 046 086 A1 12

32, and a control unit 34. The control unit 34 includes a
computer processor. The detector 32 receives and de-
tects the pulses 24 emitted from the beacons and con-
verts them into electrical digital waveforms. The control
unit controls the operation of the system and also proc-
esses the digital pulse waveforms.

[0054] The pulses 22 from each output node 25 are
emitted at different times, separated by a delay At. The
delay At between the time at which one pulse is emitted
from one node 25 and the time at which the same pulse
is emitted from the next node 25 is introduced by a delay
loop 70 in the relevant fibre optic cable. This may be
achieved in practice by using fibre optic cables of varying
lengths as delay lines - the longer the cable, the longer
the time taken for a pulse 22 to be emitted from the output
node 25 and the response pulse 24 from the beacon re-
ceived by the detector 32. The length of the fibres is there-
fore incremented cumulatively for each node by a length
equivalent to the required interval.

[0055] In Figure 3 it will be seen that the route to the
leftmost node in the Figure, has no delay loops. The fibre
optic cable route to the next node (second from the left)
has a delay loop 70a that adds a delay of At. The fibre
optic cable route to the next pair of nodes (the two nodes
on the right) includes a larger delay loop 70b that adds
a delay of 2At to the routes to both nodes. The route to
the node on the far right also includes a further delay loop
70c that adds a delay of At. Thus, during operation, a
laser pulse 22 is emitted by the source 20 and is then
splitinto four laser pulses by the splitters 50, which arrive
at the nodes at times To (far left node), Ty + At, Ty + 2At,
and T, + 3At, respectively. The response pulses 24 travel
from the beacons back through the nodes 60 to the cap-
ture unit 30 along the same route as taken by the pulse
fromthe laser source 20 to each such node 60. The same
node 60 is used both as output and input of laser light to
and from the room. Thus a further delay is added so that
the laser pulses 24 from the beacons are received back
at the capture unit 30 at different times, separated by an
interval of at least 2At.

[0056] The length of the pulses 22 is chosen to be suf-
ficiently short (relative to the delay At) and the separation
between successive pulses 22 emitted by the laser
source 20 is chosen to be sufficiently long (longer than
the time between the instant at which the pulse 22 is
emitted and last return pulse 24 is received at the capture
unit) to ensure that the response pulses 24 received at
the capture unit, originating from different nodes, do not
overlap or interfere with each other and can be readily
distinguished by the capture unit. Thus, for a system hav-
ing n nodes, a single pulse emitted by the laser source
is split into n pulses and emitted by the n nodes. The
capture unit receives a sequence of up to n return pulses
resulting from that single pulse emitted by the laser
source, before the laser source emits the next pulse (con-
sider also the explanation provided below with reference
to Figure 4a to 4d of the second embodiment).

[0057] The returned pulses from the beacons are cap-
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tured, digitised, stored and processed by the capture unit.
The node from which the returned beacon pulse is re-
ceived is identified by means of the time at which the
pulse is received. In the present embodiment, the time
trep is about one second, equating to a pulse repetition
rate (at the laser source) of about 1Hz. The rate may be
calibrated according to the type of application/installa-
tion. The present embodiment is used in relation to rooms
having a height of 5m, where the nodes are ceiling mount-
ed. The average pulse from each node travels a 10m
return journey from the node, via emission from the bea-
con in the room and back to the node. The light travels
at 3 x 108 ms-1. A 10m journey by the light thus takes
about 33 nanoseconds plus the time taken by the beacon
between receiving and emitting a pulse. The width of the
pulse emitted from the laser source is about 1 nanosec-
ond (i.e. about 30cm).

[0058] The system ofthe firstembodimentcanbe read-
ily scaled up by adding more splitters and delay loops.
By way of illustration, Figures 4a to 4d and 5 illustrate a
second embodiment of the invention installed in a build-
ing for monitoring a larger number of nodes. This em-
bodimentincludes, as part of the building monitoring sys-
tem, an occupancy sensor as described in
W02014/041350 (MBDA UK Limited). The disclosure of
W02014/041350 (MBDA UK Limited), and especially the
description of the occupancy sensor, is hereby incorpo-
rated by reference to more fully explain example embod-
iments incorporating occupancy sensors. Figures 4a to
4d show the steps of emitting and receiving pulses. In
this embodiment, there is one node per room. Initially
(Figure 4a) the laser source emits a single pulse, which
by means of the delay loops, generates successive puls-
es at the respective output nodes. The successive pulses
are separated by a time delay of At. Figure 4a shows the
first three pulses and the last (ny,) pulse only. Each pulse
is emitted from an end of the fibre optic cable which is
positioned and configured in each room to provide an
adequate field of view. The pulse is then reflected in the
room, a part of the reflection being detected via the same
end of the fibre optic cable (so that the output node in
each room also performs the function of the input node).
Consequently (with reference to Figure 4b) as the reflect-
ed pulses 224 travel back via the fibre optic cable net-
work, extra delays are introduced so that the received
pulses are separated by time 2At. The reflected pulses
224 each have a modified waveform (compared to the
emitted pulses) that depends in part on the physical lay-
out of the room and the way in which the emitted pulse
is reflected in the room and back to the input/output node.
Each respective reflected pulse 224 may therefore have
a shape that is particular to the layout and shape of the
room and its contents (of field of view) at a given time.
The reflected pulses 224 will therefore almost certainly
have different waveform shapes.

[0059] After atime t., the next pulse is emitted by the
laser source (as shown schematically in Figure 4c). In
this case, there has been a movement in room number
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3 and no movement in any of the other rooms. As such
this latter reflected waveform 224m (see Figure 4d) from
the third node has a different shape from the immediately
preceding reflected waveform 224i (see Figure 4b) from
the third node. The capture unit compares successive
reflected pulses from each node for changes sufficiently
large to signify movement in the room. Thus, in this ex-
ample, the capture unit detects a change in the shape of
the third node’s reflected pulses and deems the associ-
ated room to be occupied.

[0060] Also, a beacon has been activated in room
number 2, and emits a pulse 24. The pulse 24 is detected
by the capture unitin addition to the reflected pulses 224.
The pulse 24 arrives in the time window corresponding
to reflected pulses 224 from room 2, and so the capture
unit identifies the beacon as being present in room
number 2.

[0061] Figure 5 shows how the fibre optic cable net-
work can be expanded to allow for many output/input
nodes for each laser source / capture unit. Figure 5 shows
a network for 8 nodes. The network has 3 levels, L1, L2,
L3 (which in Figure 5 are labelled such that the level
closest to the nodes is labelled L1). At each level, the
number of pulses is doubled by means of optical splitter
units dividing each pulse received by that unit into two
pulses. Delay loops are then inserted to provide different
delay times for each respective pulse as outputted at a
node. The delay loops could of course be inserted differ-
ently, but for an efficient use of optical cable, longer delay
loops are inserted closer to the source. Thus, in Figure
5, at the topmost level, L3, the single pulse from the laser
light source 20 is split into two pulses, one passing down
a left-hand branch to which no delay is added and one
down aright-hand branch to which a delay of4Atis added.
The two pulses then pass to the next level at which each
pulse is split into two pulses, one having no delay added
and one having a delay of 2At added. The process is
repeated again atthe lowestlevel, L1, with the split pulses
having either no delay or a delay of Atadded. As aresult,
the pulses arriving at the nodes 60 have successive de-
lays (from left to right) of 0, At, 2At, 3At ... 7At. If more
than 8 nodes are required another level is added above
level L3 in a similar pattern. Thus, for n nodes, there
needs to be / levels, where /is equal to (log n) / (log 2),
rounded up. The delay to be inserted at the i, level will
be equal to 2i-1 (2 to the power of i-1) At. It will also be
appreciated that 2n At will ideally be relatively low com-
pared to t,o, so that all reflected pulses generated by a
first pulse emitted from the laser source are received be-
fore the reflected pulses generated by the next pulse
emitted from the laser source start to arrive. Similarly,
the delay between beacons emitting and receiving pulses
should be short enough, or tep long enough, that all puls-
es emitted by beacons are received before the reflected
and emitted pulses generated and triggered by the next
pulse emitted from the laser source start to arrive.
[0062] The physical length of the delay loops intro-
duced into the fibre optic cable network should be deter-
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mined taking into account the length and refractive index
of the fibre optic cable from the laser source to the nodes.
Thus, the physical separation of rooms, and differing dis-
tances of the rooms from the location of the laser source
may introduce part of the delay required for each node.
For this reason, it may be more efficient and convenient
if the nodes that are closest to the laser source are con-
nected by fibre optic cables having less in the way of
cable added to introduce delay loops, whereas the nodes
that are further away have the longer delays.

[0063] The capture unitthus identifies the rooms which
are occupied and the rooms in which beacons are active.
In some embodiments, the signal emitted by the beacon
encodes a signal having a pre-determined meaning (e.g.
"All Clear" or "Fire"). In such cases, the capture unit both
identifies the rooms in which the beacons are active and
identifies the meaning of the signal. The capture unit
passes the locations of the beacons and, if appropriate,
the meaning of their signals to one or more display units
500 (Fig. 6), which in this example display a map showing
the rooms 510 in the building. The map indicates the
rooms 520 in which the beacons are active (and, in some
embodiments but not shown in Fig.6, their meaning, for
example by use of different colours). The map also shows
the rooms 530 which are occupied.

[0064] It will be seen that the scalable system illustrat-
ed by the first and second embodiments enable monitor-
ing of large areas at relatively low cost, because the puls-
es emitted by the beacons are received by a smaller
number of detectors than sensing areas (e.g. a single
detector and capture unit).

[0065] The number of units required to provide full cov-
erage of the area or areas of interest will depend on the
Field of View (FoV) of each pulse output unit. Sensor
FoV may be adjusted to the required width using optical
lenses on each pulse unit. Maximum coverage using the
minimum number of laser nodes and computers may be
achieved by increasing sensor FoV. Conversely, using
a greater number of laser nodes with a narrow FoV may
enable the system to be used as a high-resolution motion
location and therefore tracking system.

[0066] Whilst the present invention has been de-
scribed and illustrated with reference to particular em-
bodiments, it will be appreciated by those of ordinary skill
in the art that the invention lends itself to many different
variations not specifically illustrated herein. By way of
example only, certain possible variations will now be de-
scribed.

[0067] In the above embodiments, the beacons send
response pulses 24 in response to the signals 22 from a
laser 20. In other example embodiments, the beacons
send pulses 24 to the nodes in response to a triggering
signal generated internally by the beacon, for example
using an internal clock.

[0068] There may be more than one output node per
room. The beams of light from each such output node
may be less divergent than illustrated, so that relatively
small areas are monitored by each beam. Such an ap-
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proach may add to cost and/or complication, but provides
ameans of precisely locatingmovement/occupancy. The
circuit and fibre optic cables for detecting and analysing
reflections in the rooms may be separate from the circuit
for causing pulses of light to be emitted in each room.
Whilst having identical laser pulses (emitted from differ-
ent output nodes) is desirable, this is not essential. More
than one laser could be provided. The laser light is split
intwo at each level of signal splitting. The laser light could
however be split into more separate pulses at each level
of signal splitting.

[0069] Although the above discussion includes exam-
ple applications of the invention in the field of building
security, the invention may be used in other applications.
For example, a building monitoring apparatus according
to an example embodimentof the invention could be used
in a hospital to communicate information, for example,
patient information, to a central monitoring unit.

[0070] Where in the foregoing description, integers or
elements are mentioned which have known, obvious or
foreseeable equivalents, then such equivalents are here-
in incorporated as if individually set forth. Reference
should be made to the claims for determining the true
scope of the present invention, which should be con-
strued so as to encompass any such equivalents. It will
also be appreciated by the reader that integers or fea-
tures of the invention that are described as preferable,
advantageous, convenient or the like are optional and do
not limit the scope of the independent claims. Moreover,
it is to be understood that such optional integers or fea-
tures, whilst of possible benefit in some embodiments of
the invention, may not be desirable, and may therefore
be absent, in other embodiments.

Claims

1. Apparatus for monitoring a building having a plurality
of rooms, the apparatus comprising:

- aplurality of beacons each arranged to transmit
a light output signal;

- a plurality of waveguides for deployment in the
building so that each of the plurality of rooms
has at least one of the waveguides arranged to
receive the light output signal from one or more
of the beacons when said one or more of the
beacons is active in that room;

- at least one signal capture unit arranged to
receive, via the waveguides, the light output sig-
nals resulting from the beacons in the rooms;
and

- a signal processor;

wherein the signal processor is arranged to distin-
guish, in use, the light output signal from a first bea-
con in a first room from the light output signal from
a second beacon in a second, different, room.
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2. Apparatus as claimed in claim 1, wherein the signal
processor is arranged to distinguish between the
light output signal from the first beacon and the light
output signal from the second beacon using a time
delay between the light output signal from the first
beacon arriving at the signal capture unit and the
light output signal from the second beacon arriving
at the signal capture unit.

3. Apparatus as claimed in claim 2, wherein the time
delay results from a difference between the
waveguide path length from the first room to the sig-
nal capture unit and the waveguide path length from
the second room to the signal capture unit.

4. Apparatus as claimed in any preceding claim, in
which some or all of the beacons are portable bea-
consforad hoc deploymentin aroom, wearable bea-
cons for wearing by personnel within the building
and/or fixable beacons configured for permanent de-
ployment in a room.

5. Apparatus as claimed in any preceding claim, in
which some or all of the beacons are arranged to
send a pre-selected signal indicative of an event or
other circumstance.

6. Apparatus as claimed in claim 5, in which some or
all ofthe beacons are selectably configurable to send
any of a plurality of pre-selected signals.

7. Apparatus as claimed in any preceding claim, in
which the beacons are arranged to transmit the light
output signals in response to a synchronisation sig-
nal.

8. Apparatus as claimed in claim7, in which the beacon
includes or is connected to a clock and the synchro-
nisation signal is provided by the clock.

9. Apparatus as claimed in claim 7, in which the syn-
chronisation signal is a signal transmitted wirelessly
to the beacon.

10. Apparatus as claimed in claim 7 or claim 9, in which
the apparatus includes a light source for providing
the synchronisation signal and the synchronisation
signal is a synchronisation light signal transmitted to
the beacon from the light source.

11. Apparatus as claimed in claim 10, in which the syn-
chronisation light signal is transmitted to the beacon
from the light source using a waveguide being one
of the plurality of waveguides arranged to receive
the light output signal from one or more of the bea-
cons.

12. Apparatus as claimed in any preceding claim, further
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comprising a room occupancy sensing apparatus,
the room occupancy sensing apparatus comprising:

- at least one light source arranged to emit a
series of light pulses,

- a plurality of waveguides, at least some of the
waveguides being arranged to deliver light from
the light source to one or more output nodes
located in each of the plurality of rooms,

- at least one signal capture unit arranged to
receive output signals resulting from light reflect-
ed by objects in the plurality of rooms, and

- a signal processor,

wherein

the apparatus is arranged so as to be able to distin-
guish between a light pulse reflected by an object in
a room delivered to that room via any one output
node from a reflected light pulse originating from any
output node associated with any different room,
the apparatus is so arranged that, in use, the signal
processor compares the shape of the waveform of
the signal received at the signal capture unit in re-
sponse to a first emitted light pulse with the shape
of the waveform of the signal received at the signal
capture unit in response to a second emitted light
pulse,

whereby the apparatus is able both to detect move-
ment in a room and to ascertain the particular room
in which movement has occurred by virtue of (i) de-
tecting a difference between the shapes of the wave-
forms of the signals received by the signal capture
unit resulting from reflected light pulses from such
first and second emitted light pulses and (ii) relating
said reflected light pulses to the room concerned.

Apparatus as claimed in claim 12, arranged to use
the light pulses emitted by the light source of the
room occupancy sensing apparatus as synchronisa-
tion pulses for the beacons.

Apparatus as claimed in in claim 12 or claim 13, in
which some or all of the plurality of waveguides of
the room occupancy sensing apparatus are also
waveguides of the plurality of waveguides arranged
to receive the light output signal from one or more
ofthe beacons when said one or more of the beacons
is active in that room.

A method of monitoring a building having a plurality
of rooms, comprising:

- atleast one beacon in at least of the one rooms
transmitting at least one light output signal;

- at least one waveguide in a room receiving the
light output signal(s) from one or more of the
beacons when said one or more of the beacons
is active in that room;
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- receiving, via the waveguides, the light output
signals resulting from the beacons in the rooms;
and

- processing the light output signals received via
the waveguides to identify the location and/or
status of the beacon.
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