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Controlling an illumination source

TECHNICAL FIELD

The present invention relates to controlling an illumination source.

BACKGROUND

A lighting system may comprise multiple luminaires, each of which comprises
at least one light source. The lighting system may be installed in a space so as to illuminate
the space. Traditionally, the illumination sources in a lighting system were controlled by
using one-off switches or dimmer switches to adjust an amount of electrical power supplied
to the illumination sources, thereby modifying their light level (i.e. luminance). The switch
may for example be incorporated in a wall panel, or in the luminaire itself, e.g. in a power
cord, casing or support of the luminaire.

To create a desired ambiance or "scene" in a space (for example, a living
room) multiple light sources may be installed and set at a certain light level. In a “traditional”
installation several light sources, for example in those in ceiling, wall-mounted or otherwise
integrated luminaires, may be switched on with a wall switch to which they are connected,
for example a dimmer switch. Free-standing luminaires, such as floor or table lamps, may be
switched off and on using a switch in, say, a power cord of the luminaire connected to the
mains through a wall plug, or otherwise integrated in the luminaire. The desired light level of
these individual light sources may for example be adjusted with a phase cut dimmer, for
example a wall dimmer or a cord dimmer.

In more modern "connected" lighting systems, the light sources may be
controlled using network communication technology, for example via ZigBee, Bluetooth,
Wi-Fi, Ethernet or any combination thereof. A user can install a wireless control system,
such as the Philips HUE control system, and control all the lamps via an application (app) on
a user device (smartphone, tablet etc.) or install a separate wireless switch. With these kind of
systems scenes can be programmed and recalled with a simple click on the wireless switch or
pressing a button on the app. Retrofit bulbs having self-contained connected lighting
functionality are available, which can be fitted in a standard installation in order to

incorporate connected lighting functionality into an existing lighting system.
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U.S. Patent application 2015/0189725 A1 relates to a lighting control system
which includes a controllable light source and a faceplate remote control device that may be
configured to control the controllable light source. The controllable light source may further
include a control circuit and a wireless communication circuit. One of the controllable light
sources may be configured to operate as a control entity, such as a master device. The master
device may operate to at least partially control functionality of the other controllable light
sources. The other controllable light sources may be configured to assume slave roles to the
master device, such that the subservient devices will perform commands issued by the master
device. For example, upon association with the lighting control system, a controllable light
source may poll the other controllable light sources of the load control system to determine if
the lighting control system currently has a master device. If the polling load control device
does not receive an answer that another device of the lighting control system is the master
device, the polling controllable light source may assume the role of the master device. A
plug-in load control device, in the role of the master device, may be configured such that if at
least one lighting load is in an on state when the faceplate remote control device transmits
one or more change of state messages, the plug-in load control device may cause other
lighting loads of the lighting control system to be operated from the on state to the off state,
or left in the off state.

U.S. Patent application 2013/0027176 A1 discloses a communication protocol
for a lighting control system having a plurality of control devices coupled to a
communication link. The protocol uses a polling technique to coordinate the transmission of
digital messages between the control devices. The startup procedure comrpises starting a
timer, and if the control device has a Poll ID stored in a memory at, the controller sets a first
time. Next, the control device listens for communication (i.c., link activity) on the
communication link until the timer exceeds the first time. If the timer exceeds the first time,
the control device begins to operate as the master device. If the control device detects link

activity, the control device simply operates as a slave device.

SUMMARY

In a traditional installation, when multiple light sources need to be controlled
in a room, the user has to switch on each of these individual light sources one-by-one (or
point-by-point) and set them also at the desired level. A typical living room can have up to
five individual light points, each of which is connected to one or more light sources and

needs to be set its own specific light level. Switching over to another scene or ambiance
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needs adjustment for one or more of the light points, which is burdensome for the user,
particularly if he has to walk, craw or climb over furniture and other obstacles.

Connected lighting systems have solved this problem by controlling the light
sources with an app or a separate wireless controlled switch installed in the system. In this
way multiple light sources can be controlled with only one device. However in the case of a
retro-fit to incorporated connected lighting functionality into an existing “legacy” lighting
system, this in turn, gives rise to another problem, which is the existing dimmers or wall
switches can no longer be used as controllers. For the system to function correctly, any wall
switches generally need to be set in the on state and any dimmers need to be set at full
dimming level (i.e. no dimming). As such, an additional device, either a user device (e.g.
smartphone, tablet etc.) or wireless switch is needed to adjust the light levels. A user wishing
to adjust the light levels may not have his smartphone or tablet to hand. The wireless switch
doesn’t have the same look and feel as the existing wall switch; moreover, the fact that the
existing controllers can no longer be used can be a source of irritation for users.

One option would be to rewire the electrical installation in such a way that
these multiple light source can be controlled by one wall switch or dimmer, e.g. having
connected lighting functionality. However, this requires an electrician/installer, and is not
flexible in case the interior is changed in a manner that results in a re-ordering of scenes and
light points.

This invention overcomes the disadvantages of having to set each individual
light source in a traditional system or in case of a wireless controlled system the need for an
additional control device. The invention allows one existing control unit, such as an existing
wall switch or wall dimmer, to control multiple light sources without the need of rewiring of
the existing mains voltage installation, and without the need for an App or ¢.g. a smartphone
or newly installed wireless RC (radio control) switch. That is, it allows a user set a desired
ambiance for multiple light points (scene) with only one existing wall switch or dimmer.

This is achieved by assigning master and slave roles to the illumination
sources. A first of the illumination sources connected to and controlled by the existing unit is
assigned a master role, and the other illumination sources are assigned a slave role.
[llumination settings applied at the existing control unit are conveyed to the slave lighting
sources, so that they can apply matching illumination settings.

A first aspect of the present invention is directed to an illumination controller
for an illumination source, the illumination controller comprising: an interface for connecting

to an illumination source; a receiver; a transmitter; a configuration module; a master module
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and a slave module. The configuration module is configured to monitor the receiver in a
configuration phase, and if an initial master beacon message is received at the receiver in the
configuration phase, assign the illumination source a slave role, and if no initial master
beacon message is received at the receiver in the configuration phase, assign the illumination
source a master role. The slave module is configured to operate, if the illumination device
has been assigned the slave role in the configuration phase, by controlling the illumination
source according to at least one subsequent message which is received at the receiver and
conveys an illumination state. The master module is configured to operate, if the
illumination source has been assigned the master role in the configuration phase, by
controlling the transmitter to transmit messages. At least a first of the transmitted messages
is a master beacon message. At least a second of the transmitted messages conveys a current
state of the illumination source.

A second aspect of the present invention is directed to an illumination device
comprising an illumination controller according to the first aspect, and an illumination source
connected to the interface of the illumination controller.

An advantage of assigning the master or slave role in this manner in the
configuration phase is that it simplifies commissioning. Commissioning refers to an initial,
"one-off" process performed to render a lighting system operational. When commissioning a
lighting system incorporating two or more such illumination controllers, each of which is
controlling a respective illumination source (or set of multiple illumination sources), a user
can cause a desired one of these illumination sources (or sets) to be assigned the master role
simply by instigating its configuration phase first; the absence of any master beacon message
from another illumination controller during this phase will cause this to happen
automatically. Then, when the configuration phase is subsequently instigated at the
remaining illumination controller(s), these will receive at least one master beacon message
(i.e. the first message) from what is now the master illumination controller and thus be
automatically assigned the slave role. The second transmitted message that conveys the
current illumination state is for use by a slave module of that other controller in controlling
an illumination source of that other controller.

For example, in the described embodiments, the master module is configured
to transmit a sequence of master beacon messages, each conveying a current state of the
illumination source, and the slave module is configured to operate, if the illumination device
has been assigned the slave role in the configuration phase, by controlling the illumination

source according to a sequence of subsequent master beacon messages received at the
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receiver. That is, the master beacon messages themselves convey the current illumination
state at the master controller. In this context, all description pertaining to the at least one
received message and the transmitted second message applies individually to each message in
the received and transmitted sequences of master beacon messages respectively.

Note, however, the invention is not limited to this and, in general, the second
message may or may not be a master beacon message. Likewise, the at least one received
subsequent message may or may not be a master beacon message.

For example, the master module may transmit two types of message: master
beacon messages i.¢. of the kind to which the configuration module is configured to respond
in the configuration phase to influence role assignments (which may be transmitted
repeatedly — see below) and separate illumination control messages that convey the current
illumination state i.e. of the kind to which the slave module is configured to respond once the
illumination source has been assigned the slave role, but which do not influence the role
assignments per se (which may be transmitted upon detecting a new slave, upon receiving a
user input at the light switch, etc.). In this case, master beacon messages may for example be
transmitted irrespective of whether the illumination source of the master is currently emitting
or not, and separate illumination control messages may convey when the master illumination
source stop and starts emitting, for example.

A third aspect of the present invention is directed to a method of
commissioning a lighting system comprising at least two illumination devices, each of which
is configured according to the second aspect. The method comprises the following steps:

¢ instigating the configuration phase at a first of the illumination devices, thereby
causing it to be assigned the master role; and

e once the first lighting device has been assigned the master role, instigating the
configuration phase at a second of the illumination devices, thereby causing it be
assigned the slave role in response to a master beacon message received from the first
illumination device.

Note the terms "light source” and "illumination source" are used
interchangeably herein, to refer to a component that is capable of emitting not just any light
but specifically illumination, i.e. light on a scale suitable for contributing to the illuminating
of a physical space occupied by one or more humans, so that the human occupants can see
within the physical space as a consequence.

In the embodiments of the first, second or third aspects of the present

invention, the illumination source may be assigned the slave role by storing an identifier
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derived from the initial master beacon message in electronic storage. The slave module may
be configured to compare messages received at the receiver with the electronically stored
identifier and select the at least one subsequent message (e.g. the sequence of master beacon
messages) therefrom based on the comparison. The (or each of the) master beacon
message(s) transmitted by the master module may comprise an identifier of the illumination
controller.

This is beneficial, as it ensures that, when assigned the slave role, the
illumination controller will only act on messages from a single master controller that is
identified by the identifiers therein.

The illumination controller may comprise a power input for receiving
electrical power for powering the illumination source.

The configuration phase may be instigated in response to an initial receipt of
electrical power at the power input at a time when none of said roles (master/slave) has been
assigned to the illumination source. This is advantageous, as it allows for particularly simple
commissioning process: in order to cause a desired one of the illumination sources to be
assigned the master role, the user need only power-up that illumination controller first; from
then on, the role assignment process proceeds entirely automatically.

The master module may be configured to constantly transmit a sequence of
messages, each conveying a current illumination state of the illumination source, once the
illumination source has been assigned the master role for as long as the illumination source
remains in an emitting state (switched on), those messages ceasing upon the illumination
source transitioning to a non-emitting state (switched off). The slave module may be
configured to control the illumination source to operate in an emitting state for as long as a
sequence of subsequent messages, each conveying an illumination state, is being received at
the receiver, and in a non-emitting state upon cessation of thereof.

"Constantly" means often enough to prevent a slave receiving the control
messages from switching off. That is, where the slave module is configured (when assigned
the slave role) to switch off the illumination source if no such message is received within a
predetermined time interval T1 (e.g. 1 second), "constantly” means the master module
transmits such messages at a frequency of f1>1/T1 (i.c. at least one message every interval
T1 e.g. one message every second) i.e. to keep its slaves switched on. For example, T1 may
be about 500ms, such that f1 is at least two messages per second, but preferably greater. For

example, for T1=500ms, preferably f1 is at least ten messages per second (i.e. one message
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every 100ms), to provide robustness to message loss caused by, say, interference, noise or
other transient disruptions.

An advantage of this approach is that it when assigned the master role, the
illumination controller does not need to send any message to convey a switching-off of it
illumination source — that is conveyed instead by the absence of messages.

This is particularly beneficial in circumstances in which the illumination
controller is unable to transmit messages once the illumination source is switched off, for
example when the illumination controller and illumination source are powered from the same
source of electrical power.

In this respect, the master module may be configured to constantly transmit the
sequence of messages once the illumination source has been assigned the master role for as
long as electrical power is being received at the power input, those messages ceasing when
electrical power stops being received at the power input.

Thus, in the case that power is cut off suddenly, e.g. by the user switching off
a wall switch thereby cutting off power to the illumination source assigned the master role
and its controller, the master illumination source stops emitting, the sequence of messages
ceases, and the slave illumination source(s) stop emitting also as a result of the cessation of
the messages.

The configuration module may be configured to terminate the configuration
phase automatically if no master beacon message is received within a predetermined duration
(T2), the master role being assigned upon said termination in that event. Alternatively, the
configuration phase can be terminated ¢.g. manually.

In this respect, the master module may be configured to transmit master
beacon messages repeatedly, i.e. at a frequency of at least 1/T2 i.e. at least one master beacon
message every interval T2. The interval T2 may for example be 1 second, such that the
configuration phase has a maximum duration of about 1 second.

Alternatively, in the case that master beacon messages and illumination
control messages are sent separately (the former conveying presence, the latter exerting
control), the master module may be configured, once assigned the master role, to repeatedly
transmit master beacon messages for a duration T3 (e.g. two minutes or so), and to cease
transmitting master beacon messages upon expiry of that duration T3. In this case, any other
controllers must be switched on within that duration T3 if they are to bind to the master. This
can make it easier to set-up multiple, independent lighting networks (controlled by different

masters) in the same environment.
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The second message (e.g. cach message in the transmitted sequence of master
beacon messages where applicable) may convey a current local dimming level. This is
beneficial as, in response to a change in the local dimming level at the master, a matching
change can be applied at the slave(s) using the master beacon messages.

The slave module may be configured to determine a composite dimming level
by combining a dimming level conveyed by the at least one received message with a local
dimming level, and apply the composite dimming level to the illumination source. This is
beneficial as it allows dimming levels to be set individually at the slave(s), by setting their
local dimming level(s), whilst also tracking changes in the master dimming level at the
slave(s), thereby providing the user with greater flexibility, i.e. both individual and system-
wide dimming control options.

The composite dimming level may for example be no greater than the local
dimming level. This is beneficial as it provides certainty for the user when it comes to the
maximum light level of the slaves

Note that the terms "higher" and "lower" in relation to a dimming level
correspond to greater and lesser illuminance respectively, irrespective of how the dimming
level is represented.

The illumination controller may comprise a dimming module configured to
derive the local dimming level from the received electrical power. For example, based on a
magnitude of the received electrical power (or a voltage providing it) or its phase out or duty
cycle, in the case of phase cut dimming. The benefit of this is that it allows the illumination
device to function correctly even when an external dimmer that is not controllable by the
illumination source is used to set the dimming level.

The slave module may be configured to control the transmitter to re-transmit a
copy of the at least one received subsequent messages (e.g. each of the received subsequent
master beacon messages where applicable). This allows slave controllers that are out-of-
range of the master controller, and thus unable to receive messages from it directly, to still be
controlled by the master.

A fourth aspect of the present invention is directed to a method of controlling
an illumination source, the method comprising implementing by an illumination controller
the following steps: monitoring a receiver of the illumination controller in a configuration
phase, and if an initial master beacon message is received at the receiver in the configuration
phase, assigning the illumination source a slave role, and if no initial master beacon message

is received at the receiver in the configuration phase, assigning the illumination source a
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master role; if the illumination device has been assigned the slave role in the configuration
phase, controlling the illumination source according to at least one subsequent message
which is received at the receiver and conveys an illumination state; and if the illumination
source has been assigned the master role in the configuration phase, controlling the
transmitter to transmit messages, at least a first of which is a master beacon message, and at
least a second of which conveys a current state of the illumination source.

In embodiments of the fourth aspect, any feature of any embodiment of the
first, second or third aspects may be implemented.

A fifth aspect of the present invention is directed to a computer program
product comprising code stored on a computer readable storage medium and configured
when executed to implement the method of any preceding claim. The computer readable
storage medium can for example comprise one or more electronic storage units (e.g.
magnetic storage, optical storage, solid-state storage etc.).

A sixth aspect of the present invention is directed to an illumination controller
for an illumination source, the illumination controller comprising: an interface for connecting
to an illumination source; a receiver; a transmitter; a configuration module; a master module
and a slave module. The configuration module is configured to monitor the receiver in a
configuration phase, and if an initial master beacon message is received at the receiver in the
configuration phase, assign the illumination source a slave role, and if no master beacon
message is received at the receiver in the configuration phase, assign the illumination source
a master role. The slave module is configured to operate, if the illumination device has been
assigned the slave role in the configuration phase, by controlling the illumination source
according to a sequence of subsequent master beacon messages received at the receiver. A
master module configured to operate, if the illumination source has been assigned the master
role in the configuration phase, by controlling the transmitter to transmit a sequence of

master beacon messages, each conveying a current state of the illumination source.

BRIEF DESCRIPTION OF FIGURES

For a better understanding of the present invention, and to show how
embodiments of the same may be carried into effect, reference is made to the following
figures in which:

Figure 1 shows a perspective view of a space in which a lighting system is
installed;

Figure 2 shows a schematic block diagram of an illumination device;
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Figures 2A-2C illustrate different types of lighting device in which an
illumination controller can be incorporated;

Figure 2D shows two illumination controllers communicating within a lighting
system via a wireless channel;

Figure 3 shows a flowchart for a method of controlling an illumination source;

Figures 4A-4C illustrate certain steps of the method of figure 3;

Figure 5 shows how a slave lamp may function as a master beacon relay;

Figures 6A to 6B illustrate an extension of the present techniques to
accommodate a dimming level; and

Figure 7 illustrates a further extension to accommodate multiple dimming

levels.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Figure 1 shows a schematic block diagram of a lighting system 1.

The lighting system 1 comprises a plurality of luminaires 4 arranged to
selectively emit light in order to illuminate a space 2. Each of the luminaires 4 comprises at
least one respective light emitting device 5 (lamp) such as an LED-based lamp, gas-discharge
lamp or filament bulb, plus any associated housing or support.

By way of example, two luminaires 4 are shown. A first of the luminaires 4 is
connected to a wall panel 6 via a dedicated electrical cable, which may for example be set in
plaster of the wall and ceiling, or otherwise concealed such that it is hard to access. Using
the wall panel 6, an amount of electrical power delivered to the first luminaire via the
electrical cable can be adjusted. A second of the luminaires 4 has a power cord with a plug
fitting, by which the second luminaire can be connected to a conventional, general-purpose
wall socket 10. The wall socket 10 and wall panel 6 both selectively supply power to the first
and second luminaires respectively from a mains electricity system (42, figure 2). However,
they are otherwise unconnected i.e. power is delivered by the wall socket 10 independently of
any settings applied at the wall panel 6 and vice versa. The wall socket 10 and wall panel 6
thus constitute separate light points.

As will be apparent in view of the following, this particular set-up is shown
and described to provide a simplified context for demonstrating certain features of the
example embodiments. However, in general, these described techniques can be applied to
any lighting system with two or more light points, i.e. independent power points, to which

one or more respective luminaires are connected. In general, the luminaires 4 can take any
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suitable form such as a ceiling or wall mounted luminaire, a free standing luminaire (e.g.
table lamp, desk lamp or floor lamp etc.), a wall washer, or a less conventional form such as
an LED strip, a luminaire built into a surface or an item of furniture, or any other type of
illumination device for emitting illumination into the space 2 so as to illuminate the space 2.

Figure 2 shows a schematic block diagram of an illumination controller 20 for
controlling an illumination source 40. The illumination controller 20 comprises a
configuration module 26, a master module 32, and a slave module 34. It also comprises
electronic storage in the form of a memory 28, to which the configuration module 26 has
access such that it can store data therein. The master module 32 and slave module 34 both
have access to this data stored in the memory 28. In some embodiments, the LED controller
20 also comprises a dimming module 33, whose functionality is described below. The
configuration module 26, master module 32, dimming module 33 and slave module 34 can be
implemented in any suitable manner. For example, they may be code (i.e. software) modules
executed on a processor of the illumination controller 20, or they may be implemented using
dedicated hardware for example, an application specific integrated circuit or an FPGA, or any
combination of hardware and software. The software can, for example, comprise firmware,
and/or higher level software.

The illumination controller 20 also comprises a transmitter 22 and a receiver
24. That is, the illumination controller 20 comprises a transceiver (comprising transmitter 22
and receiver 24) for communication with other illumination controllers. These are preferably
wireless components, i.e. configured to transmit and receive data embedded in wireless
signals respectively, preferably RF (radio frequency) signals. The configuration module 26
has access to both the transmitter 22 and receiver 24 such that it can perform an initial
configuration phase (S6, Figure 3 — see below), in which it assigns a master role or a slave
role to the illumination source 40. An indication 27 of the assigned role is stored in the
memory 28, and is accessible to the master and slave modules 32, 34.

The illumination controller 20 also comprises a power input 36 for receiving
electrical power from an electrical mains system 42 It also comprises an interface 41 via
which it connects to the illumination source 40. The power input 36 is connected to the
interface 41 via a power regulator 38 of the illumination controller, which may for example
comprise a switch. This allows electrical power to be selectively supplied from the mains
system 42 to the illumination source 40 by controlling the power regulator 38, which is one

of the functions of the slave module 34 as described in further detail below.



10

15

20

25

30

WO 2018/007282 PCT/EP2017/066427
12

An illumination controller 20 can be incorporated in a lighting device of the
lighting system 1 in a number of different ways. Figures 2A-2C ecach show a different
example configuration of a lighting device incorporating the illumination controller 20 and
illumination source 40. For example, the illumination controller 20 and illumination source
40 may both be components of a light emitting device 5 (i.e. lamp), such as a retrofit bulb to
be fitted in a legacy lighting system as shown in Figure 2A. Alternatively, as shown in
Figure 2B, the illumination controller 20 may be a component of a luminaire 4 that is not part
of the light-emitting device 5 as such. For example, the illumination controller 20 may be
integrated in a housing or support of the luminaire 4 to which the lighting device 5
comprising the illumination source 40 is a detachable component. Alternatively, as shown in
Figure 2C, the illumination controller 20 may be an external component, such as a modular
component, that connects to the lighting source 5 to implement the described functionality in
any suitable manner.

Note the lamp 5 of Figure 2A incorporating the illumination controller 20 and
illumination source 40; the combination of the luminaire 4 incorporating the illumination
controller 20 and the lamp 5 of Figure 2B, and the combination of the external illumination
controller 20 and lamp 5 of Figure 2C all constitute different lighting devices, as that term is
used herein.

Figure 2D shows two such illumination controllers 20A, 20B, which are able
to communication with each other by a wireless communication channel using their
respective transmitters and receivers. As explained in further detail below, this allows the
illumination controllers 20A, 20B to communication initially to establish their respective
roles (master or slave), and thereafter to operate in accordance with their assigned roles.

The arrangement of Figure 2A in which the illumination controller 20 and
illumination source 40 are incorporated in a lamp 5, such as a retro-fit lamp, is preferred in
some contexts, as it allows easy retrofitting of an existing lighting system with the present
functionality. The following is described with reference to the configuration of Figure 2A,
however it will be appreciated that this applies equally to other configurations, such as those
shown in Figures 2B and 2C. A lamp 5 configured with the functionality of the illumination
controller 20 as in Figure 2A, is referred to herein as a smart home lamp (SHL).

Returning to Figure 2, the power input 36 of the illumination controller 20 is
shown connected to the mains 42 via an external mains switch 44. The mains switch 44 is
external in the sense that it is not controllable by the illumination controller 20. The mains

external switch 44 is operated manually by the user 8, and may for example, be integrated in
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the wall panel 6 or wall socket 10 or one of the luminaires 4, for example, in a power cord,
support or housing. When operating in the master role, a function of the master module 32 is
to convey control actions performed as the mains switch 44 to any slaves of the master
controller via the transmitter 22. The switch 44 can for example be a simple on/off switch or
it may be a dimmer switch. In any event, the switch 44 allows the user 8 to regulate an
amount of electrical power supplied to the LED controller 20 for controlling the light level of
the illumination source 40.

A particular advantage of this configuration of the LED controller 20 is that
the external switch 44 can be part of an existing lighting system such as an existing wall
switch or wall panel.

Figure 3 shows a flow chart for a method of controlling a lighting device, both
to effect an initial configuration phase and subsequent operational phase. That is, the set up
of wireless network connections between the lamps 5, thereby creating a new lighting
network, and subsequent use of the lighting network.

In the examples described below multiple lamps 5 each have the same
hardware and firmware with the same stock-keeping unit (SKU). Each lamp has a
transceiver (transmitter 22 and receiver 24) for communication between other lamps. Once
installed the lamp 5 which is operated by the existing wall switch or wall dimmer 44 will act
as the master lamp. Other lamps are configured as “slave/repeaters” so that they can both be
controlled by the same switch 44, and extend the range of the wireless lighting network.
These slave/repeater lamps need to be continuously powered, for example, by keeping their
original wall switch closed or their phase cut dimmer active on.

Three modes of operation are described which can be summarised as follows.
Operation with a single wall switch (Figures 4A-4C)

Once the master lamp is switched on it sends out an “ON” signal to the slave
lamps. These lamps will then turn “ON” and when the master lamp is switched “OFF” the
slave lamps will also switch “OFF”.

Operation with a single wall dimmer (Figure 6)

Once the master lamp is switched on it sends out an “ON” signal and its ¢.g.
light level. The “ON” signal and the light level is communication to the other lamps and
their light level is adjusted to the requested light level as well.

Operation when slave lamps are connected to a dimmer (Figure 7)
If slave lamps are connected to a dimmer, the dimmer can be used to set the

maximum light level. If for instance the dimmer of the slave is set to 80%, the maximum
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light level when the master lamp is set at 100% will be 80%. If the master is set at lower
light level e.g. 50% the slave output will be 40% (50% of 80%).

By way of example, the method of Figure 3 is described with reference to the
SHL 5 of Figure 2A and is implemented by the illumination controller 20 of the SHL 5.
However, the network steps can be implemented by the illumination controller 20 when
incorporated in a different type of lighting device, such as those of Figures 2B and 2C.

Steps S2-S10 are initial steps, that need only be performed once as part of a
commissioning process, in order to assign a role (master or slave) to the SHL 5.

A new network of multiple SHLs 5 is created by each of those SHLs
performing steps S2-S10 during the commissioning. As will become apparent, the first SHL
to perform these steps becomes the master and all other SHLs in range of the master that
perform these steps later become slaves.

The method commences when the SHL 5 is switched “ON” on using mains 44
switch to the mains 42, causing an initial receipt of electrical power at the power input 36
(S2). In response, the configuration module 26 performs an initial check of the memory 28 to
see if a role has already been assigned (S4). If not, the SHL 5 starts scanning the RF
environment for other SHL beacons at step S6, which constitutes a configuration phase.

If no SHL beacon(s) is or are found in the configuration phase, the
configuration module 26 assigns the SHL 5 the master role (S8). That is, the SHL 5 assigns
itself the master role if it does not receive any master beacon message at step S6. In
response, the master module 28 starts transmitting a master beacon, i.¢. a series (in time) of
master beacon messages, each comprising a unique identifier (ID) of that SHL (S12). As will
become apparent in view of the following, this causes any additional SHLs that bind
themselves to the master SHL 5 as slaves to mirror the master’s illumination settings (S14).

The master beacon is transmitted constantly, so as long as the master is
powered by the mains 42. That is, new master beacon messages are constantly transmitted.

On the other hand, if at least one master beacon message is received in the
configuration phase of step S6 from another SHL, the configuration module 26 assigns the
SHL 5 the slave role (S10). That is, the SHL 5 assigns itself the slave role.

In the case that master beacon messages from multiple sources are received at
step S6, i.e. comprising non-matching identifiers, the slave module can for example bind to
the "closest" source, i.¢. the source from which master beacon message(s) are received with

the greatest signal strength.
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Whichever role is assigned, as noted above, the configuration module 26
stores an indication 27 of the assigned role in the memory 28. If the assigned role is the slave
role, this indication 27 comprises an identifier of the other SHL derived from the master
beacon message that caused the SHL to assign itself the slave role, i.e. the identifier is stored
in the memory 28, thereby identifying the other SHL as the master. In this manner, the slave
SHL 5 binds itself to the other SHL, which is the master in this scenario.

As noted, step S6 is a configuration phase, which in this example is instigated
in response to an initial receipt of power and may for example terminate if no master beacon
massage is received within a predetermined duration T2, at which point the master role is
assigned. This provides a configuration time window after first time mains power-on, during
which a master beacon message must be received to prevent a lamp from assigning itself the
master role.

Figures 4A-4C illustrate an example, in which three such SHLs are assigned
roles in this manner. A first of these (denoted SM) is powered-up initially (figure 4A), and
hence assigned the master role. The remaining SHLs (denoted 5S) are powered up after the
first SHL has been assigned the master role (figure 4B). These SHLs 58S start scanning the
RF environment for already available beacons. Because the fist master SHL 5M is switched
“ON” it also transmits its beacon, and this beacon is received during scanning by other SHLs
58 in their respective configuration phases (S6). The second SHLs 5S will bind themselves to
the master 5M, as they are within range of and are scanning for the master SM (Figure 4C).
The second SHLs 58S will now act as slaves to the master 5M as a result.

Returning to figure 3, if the SHL 5 is assigned the slave role at step S10, for as
long as it is powered, it constantly monitors the wireless channel for a master beacon from
the master to which it is bound, by comparing received messages with the identifier of that
master stored in the memory 28 (S18). For as long as the master beacon is being received
from the master to which it is bound (i.e. for as long as master beacon messages comprising
matching identifiers are being received), the slave module 34 controls the power regulator 38
to keep the illumination source 40 ON i.e. powered and emitting (S20). If and when master
beacon messages with matching identifiers cease, in response the slave module 34 controls
the power regulator 38 to switch the illumination source 40 off, so that it stops emitting
(S22).

In this respect, the master beacon messages are transmitted "constantly" in the
sense that they are transmitted frequently enough to prevent slaves from switching off whilst

the master is still emitting.
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For example, the slave 5S may be configured to switch off its illumination
source when no master beacon messages (with the identifier to which that slave 58S is bound)
are not received within a certain time interval T1. To ensure responsive behaviour by the
slave(s) 5S from the perspective of the user, this time frame should be not too long due e.g.
T=500ms may be appropriate meaning that slaves 5S switch off within 500ms of their master
5M being switched off.

This means that at least one master beacon message should be send by the
master SM and received by the slave 5S every 500ms. In practice, the master SM may send
its beacon message at least, say, 10 times a second (i.c. every 100ms) in case of a collision
with other messages or disturbances that cause the slave module 5S to miss a message.
Accordingly, in this case, five messages in a row have to be absent before the slave lamp 5S
will switch itself off.

In this example, the maximum duration T2 of the configuration time window
should be, say, at least 500ms to allow for message loss in the same way. It should also not
be so long that a user think the lamp 5 is broken — e.g. T2=1000ms (1s) may be appropriate.

Accordingly, with reference to Figure 4C, should the master SHL 5M be
powered-down by the user 8 using mains switch 44, its master beacon messages cease,
causing the slaves 5S bound to that master 5M to stop emitting as desired.

Returning to step S4 of Figure 3, the role indication 27 persists in the memory
28. Should the SHL 5 be powered down, upon subsequent power up, step S4 is repeated,
only this time the indication 27 is located in the memory 28. The role indicated by the
indicator 27 is determined (S16) and if the indicated role is master, the method proceeds
directly to S12, at which the master module 32 begins transmitting the master beacon once
again, which in turn causes any slaves powered by that master to start emitting (S14). If the
indicated role is slave, slave behaviour is resumed immediately by proceeding directly to step
S18. This means that roll assignments are not lost when the SHL 5 loses power.

The illumination controller 20 may incorporate a mechanism to remove or
ignore an existing mode indication 27 to "reset" the SHL if desired. For example, a
straightforward way is for the SHL 5 to responds to the SHL 5 being switched “on” and “off”
several times from the mains power (mains power cycling), by restoring of its factory settings
in response.

Preferably, as illustrated in Figure 5, each slave lamp 5S transmits a copy of
any master beacon messages it receives from the master to which it is bound, thereby acting

as a master beacon relay to extending the spatial range of the master SM. This slave 5S may
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add no extra data to the message, i.e. it may be an exact copy. If the master is switched off
the slave stops relaying its master’s messages which in turn causes any other slave connected
to the network and receiving the relayed messages to stop emitting.

Each master beacon message conveys a current state of the master illumination
source 40 at the time it is transmitted. For instance, in the example described above, each
master beacon message conveys by its very existence the fact that the master illumination
source is currently in an emitting state. That is to say, in this case, the content of the
messages is immaterial — it is the presence and absence of these messages that coveys a
current emitting and non-emitting illumination state respectively.

However, the techniques can be extended to incorporate variable dimming
levels, as illustrated in Figures 6A and 6B, to convey additional illumination state
information. In this example, the mains switch connecting the master lamp 5M to the mains
42 is a mains dimmer, denoted 44D, ¢.g. a mains wall dimmer. The master lamp 5M is
dimmed to a light level set at the mains dimmer 44D (local dimming level) — outside of the
control of the illumination controller 20. The master module 32 derives the local dimming
level from the electrical power received at the power input 36, and includes an indication of
the current local dimming level in each master beacon message. Master light level
information is then included in the SHL beacon of the master 5SM for receiving by all slaves
listen to that beacon. These slaves 5S set their light level to the same value in the examples of
Figures 6A and 6B, ¢.g. Figure 6A corresponds to “ON” a local dimming level of 100% at
the master 5M, and figure 6B to “ON” with a local dimming level of 45%. In this example,
cach of the slaves sets 5S its own dimming level to be the same as the master SM at least
approximately.

The messages are RF messages, transmitted and received using the transmitter
22 and receiver 24 respectively.

Figure 7 shows a further extension of these techniques, in which the slaves 5SM
are connected to the main 42 via their own respective dimmer switches 54 (corresponding to
44 in Figure 2), which set their own respective local dimming levels that is determined by the
slave’s dimming module 37 in the same manner. This is independent of the local dimming
level of the master 5M, which is set via its dimmer 44D. A composite dimming level is
actually applied to the slave SHL which is set as a multiplication of its own local diming
level with the received dimming level from the master beacon. This is applied by the slave

module 34, accounting for the fact that a lower amount of average electrical power may be
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received at its power input 36, as sct by the external dimmer 54 outside of the control of the
illumination controller 20.

For example, if the master 5M is set to a diming level by its mains wall
dimmer to 80% light level and the slave SHL 5S has only a wall switch (=100% light output)
then the slave SHL will set its light output also to 80%. However, if the slave SHL has a
dimmer 54 connected to its mains 44 and that dimmer 54 is set to 40% dimming level, then
the slave SHL 58S applied to its illumination source a dimming level that is a multiplication of
its local and received dimming levels: 32% in this example (80% of 40%), as for the first
slave 5S in Figure 7. The second SHL local dimming level is set to 40% resulting in an
applied dimming level of 32% (40% * 80%) and the third SHL lamp’s dimmer is set to 70%
resulting in an applied dimming level of 56% (70% * 80%).

If a user wishes to set-up another network in, say, his house he can switch any
other already configured master lamps off and only switch on only the lamp he wishes to be
the master in the new network. This keeps the commissioning simple and easy to understand.
That is, networks can be easily set up by setting up a first network, then switching it OFF by
switching OFF of the master's power switch. Due to the fact that the master is down, all
slaves connected to that master will also shut OFF and stop relaying the master beacon from
the master to which they are bound. A new SHL will start scanning the RF environment, will
not find any SHL activity and starts acting as master for its new network. Multiple slaves can
be added in the same way as for setting up the first network.

Multiple networks can function through each other due to the fact that each
master of each network has its own unique identifier in its beacon on which their slave will
respond.

In some implementations, the illumination controller 20 may incorporate an
override mechanism by which the user can force the SHL 5 to assume the master role,
bypassing step S6. For example, the configuration module 26 may bypass step S6 and
proceed straight to step S8 if it detects an override even, for example, a predetermined on/off
sequence at the power input 36. This can be useful if, say, a neighbour has an operation
master lamp that is outside of the control of the user 8, which the SHL would otherwise lock
onto. Note this override is different from a factory re-set, and separate mechanisms may be
incorporated for causing a factory reset and a default to the master role respectively.

That is, a mechanism is integrated in the illumination controller 20 such that, if
it has already been configured as master or slave in a network, it can be reset to exhibit

"fresh-out-of-the-box™ behaviour again. For example, to correct a mistake of the user during
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configuring (e.g. wrong switch used first time, so wrong lamp becomes master); or, if the
user wants to have more networks and for a given slave to now respond to a different master;
or if the user has moved to a different home and wants to reconfigure his whole system etc.
By switching the mains power on/off a specified number of times within a specified time
window, the master or slave erases its binding parameters from non-volatile memory and act
as "brand-new" lamp again.

To keep the system as simple as possible and to minimize the burden places on
the user 8, a slave does not connect to another master. A slave already bound to a master
doesn’t bound to a new master if its master is not transmitting its beacon while another
master is transmitting,.

The SHL 5 (or the illumination controller 20) can be pre-fabricated and
supplied in blisters, or it can be commissioned on the spot.

As the SHLs are all identical (one sku), commissioning is based on “first time
to switch on” is particularly suitable.

As noted above, whilst in the examples described above, the master beacon
messages themselves convey the current illumination state (simply by their presence in the
simplest case, or additionally by including dimming levels), this is not essential. For
example, as noted, two types of messages may be used — master beacon messages to convey
presence, which drive the master/slave role assignments, and illumination control messages
which convey the illumination state at the master and thereby control the operation of the
slave lamps once they have been assigned the slave role, but which do not influence the
master/slave assignments. For example, in this case, master beacon messages can be
transmitted repeatedly for as long as the master lamp is on — such that a slave lamp can bind
to it at any time — or for only a limited duration after power-up (e.g. two minutes), such that
other lamps can only bind to it within this limited duration. In general, both message types
(illumination and control) can be embodied in a single message (e.g. in a master beacon
message), or in separately (in separate beacon and illumination control messages).

It will be appreciated that the above embodiments have been described by way
of example only. Other variations to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed invention, from a study of the
drawings, the disclosure, and the appended claims. In the claims, the word "comprising”
does not exclude other elements or steps, and the indefinite article "a" or "an" does not
exclude a plurality. A single processor or other unit may fulfil the functions of several items

recited in the claims. The mere fact that certain measures are recited in mutually different
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dependent claims does not indicate that a combination of these measures cannot be used to
advantage. A computer program may be stored/distributed on a suitable medium, such as an
optical storage medium or a solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such as via the Internet or other wired
or wireless telecommunication systems. Any reference signs in the claims should not be

construed as limiting the scope.
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CLAIMS:

1. An illumination controller for an illumination source, the illumination
controller comprising:

an interface for connecting to an illumination source;

a receiver;

a transmitter;

a configuration module configured to monitor the receiver in a configuration
phase, and if an initial master beacon message is received at the receiver in the configuration
phase, assign the illumination source a slave role, and if no initial master beacon message is
received at the receiver in the configuration phase, assign the illumination source a master
role;

a slave module configured to operate, if the illumination device has been
assigned the slave role in the configuration phase, by controlling the illumination source
according to at least one subsequent message which is received at the receiver and conveys
an illumination state; and

a master module configured to operate, if the illumination source has been
assigned the master role in the configuration phase, by controlling the transmitter to transmit
messages, at least a first of which is a master beacon message, and at least a second of which
conveys a current state of the illumination source;

wherein the slave module is configured to determine a composite dimming
level by combining a dimming level conveyed by the at least one received message with a

local dimming level, and apply the composite dimming level to the illumination source.

2. An illumination controller according to claim 1, wherein the illumination
source is assigned the slave role by storing an identifier derived from the initial master
beacon message in electronic storage;

wherein the slave module is configured to compare messages received at the
receiver with the electronically stored identifier and select the at least one subsequent

message therefrom based on the comparison; and



10

15

20

25

30

WO 2018/007282 PCT/EP2017/066427
22

wherein each of the messages transmitted by the master module comprises an

identifier of the illumination controller.

3. An illumination controller according to claim 1 or 2, comprising a power input

for receiving electrical power for powering the illumination source.

4. An illumination controller according to claim 3, wherein the configuration
phase is instigated in response to an initial receipt of electrical power at the power input at a

time when none of said roles has been assigned to the illumination source.

5. An illumination controller according to claim 1, 2, 3 or 4, wherein the master
module is configured to constantly transmit a sequence of messages, each conveying a
current state of the illumination source, once the illumination source has been assigned the
master role for as long as the illumination source remains in an emitting state, those messages
ceasing upon the illumination source transitioning to a non-emitting state; and

wherein the slave module is configured to control the illumination source to
operate in an emitting state for as long as a sequence of subsequent messages, cach
conveying an illumination state, is being received at the receiver, and in a non-emitting state

upon cessation of thereof.

6. An illumination controller according to claim 5, wherein the slave module is
configured to constantly transmit the sequence of messages once the illumination source has
been assigned the master role for as long as electrical power is being received at the power

input, those messages ceasing when electrical power stops being received at the power input.

7. An illumination controller according to any preceding claim, wherein the

second message conveys a current local dimming level.

8. An illumination controller according to any preceding claim, wherein the

composite dimming level is no greater than the local dimming level.

9. An illumination controller according to claim 3 or claim 7 or 8§ when
dependent on claim 3, comprising a dimming module configured to derive the local dimming

level from the received electrical power.
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10. An illumination controller according to any preceding claim, wherein the slave
module is configured to control the transmitter to re-transmit a copy of the at least one

received subsequent message.

11. An illumination device comprising:
an illumination controller according to any preceding claim; and

an illumination source connected to the interface of the illumination controller.

12. A method of controlling an illumination source, the method comprising
implementing by an illumination controller the following steps:

monitoring a receiver of the illumination controller in a configuration phase,
and if an initial master beacon message is received at the receiver in the configuration phase,
assigning the illumination source a slave role, and if no initial master beacon message is
received at the receiver in the configuration phase, assigning the illumination source a master
role;

if the illumination device has been assigned the slave role in the configuration
phase, controlling the illumination source according to at least one subsequent message
which is received at the receiver and conveys an illumination state; and

if the illumination source has been assigned the master role in the
configuration phase, controlling the transmitter to transmit messages, at least a first of which
1S a master beacon message, and at least a second of which conveys a current state of the
illumination source;

wherein the step of controlling the illumination source according to at least
one subsequent message which is received at the receiver and conveys an illumination state
comprises:

determining a composite dimming level by combining a dimming level
conveyed by the at least one received message with a local dimming level, and

appling the composite dimming level to the illumination source.

13. A computer program product comprising code stored on a computer readable
storage medium and configured when executed on an illumination controller to implement

the method of claim 13.
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14. A method of commissioning a lighting system comprising at least two
illumination devices, each of which is configured according to claim 11, the method
comprising:

instigating the configuration phase at a first of the illumination devices,
thereby causing it to be assigned the master role; and

once the first lighting device has been assigned the master role, instigating the
configuration phase at a second of the illumination devices, thereby causing it be assigned the

slave role in response to a master beacon message received from the first illumination device.
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