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(57) Abstract: An electronic 2-way communication module suitable for 2-way communication with a luminaire is disclosed. This is
adapted to be installed in series into the power supply to the luminaire, and it has (i) a housing assembly; (ii) live and neutral power
input terminals; (iii) live and neutral power output terminals; (iv) a power supply unit; (v) a dimmer unit controller; (vi) a wireless
communication interface adapted to receive data/operating instructions and to relay data to a remote repository; and a (vii) a wired
connection between said electronic 2-way communication module and said luminaire adapted for the 2-way transmission of data
between the module and the luminaire and vice versa. This electronic 2-way communication module provides for the first time the
ability not only to control a luminaire remotely but also to transmit data wirelessly from a luminaire to a remote repository, using a
module that is simply wired in series with a cable supplying power to said luminaire.
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IMPROVED COMMUNICATION MODULE

Fieid of the Invention

The invention relates 1o a new type of 2-way communication module. These modules
are pariicularly applicable, but in no way limited, fo the 2-way communication with
fight engines, light fitings or luminaires connected to a power supply, particulary
where that connection is by means of plug-in type conneciors. These new 2-way
communication modules enable a light engine, light fitling or luminaire to be controlled
remotely as well as enabling various types of data gathered by the luminaire to be

relayed back to a central repository, including a 'cloud’ repository.

Backaround to the Invention

There is an increasing demand from users {o have control over slectrical equipment
and for that control to be exercised remotely, rather than just from a fixed switch or
dimmer control, such as a wall switch/dimmer. This remote confrol requirement is
pariicularly applicable {0 the control of lighting unils or luminaires in and around the
home and in and around the workplace. In the case of luminaires, these remocte
control requirements can include, by way of example only, an on/off function including
a timed or motion sensor controlled on/off funclion, a dimming funclion, changing the
colour temperature of the light or changing the colour of the light emitted and touch
sensor control. This list of examples is not intended to be exhaustive but rather serves
io illustrate the wide range of funclionalities than might be controlled by remote

operation. Further examples are lisied laler in the description.

in addition fo the requirement to control light fittings/luminaires remotely, luminaires
are becorming more intelligent in that they are now capable of collecting data both
about the environment arcund the luminaire and about the performance of an
individual light engine/luminaire itself. Furthermore, this intelligence and information
gathering capability is increasing rapidly with each new generation of luminaires.
There is therefore a need to relay various types of data from a light fitting/luminaire

back to a data repository for the purpose of analytics, reporting and reactive functions.
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Many of the bulbs, lamps and luminaires now on sale include LED light sources. As
LEDs eniter mainstream lighting applications consumers expect their operation o
mimic traditional lighting uniis such as incandescent bulbs and fluorescent iubes.
Dimming of LEDs presents a challenge because of the unigue power demands of LED
chips. An LED emits light when the forward voliage is greater than a threshold

governed by the semiconductor material used in the LED.

A number of systems already exist for dimming LED light sources. In addition to
dimming by means of an integrated Circuit in the light engine, analogue dimming of
an LED is possible. This involves reducing the forward voliage applied to the LED,
leads o a noticeable change in the colour of the light. By contrast, digital dimming
generally produces almost no change in the colour of the emitied light. One method
of digital dimming relies on keeping the forward volage consiant and rapidly cycling
the LED on and off. Altering the duly cycle, which is the ratio of the pulse duration to
the signal period, changes the brightness of the light emitted. Digital dimming can be
achieved by combining an LED driver with a suitable logic chip generating the duty

cycle, or it can be achieved in infegrated circuits having both functions in one package.

A number of systems already exist by which remote conirol can be achieved. For
example technical standards for Digital Addressable Lighiting Interface {DALD (RTM)
have been developed for network-based systems that control lighting in building
automation. Typically a DAL (RTM) network consists of a controller and one or more
lighting devices {e.g. electrical ballasts and dimmers) each of which have a buiit in
DAL {RTM) interface. The controller can monitor and control each light by means of
a bi-directional data exchange. Data is transferred between the coniroller and the
devices by means of an asynchronous, half-duplex serial protocol over a two-wire
data bus. It will be appreciated that this requires specialist cabling and special DALI
(RTM) compatible control components within or associated with each luminaire to be
conirolied. This is both expensive {o install, requires a skilled electrician and/or
conirols engineer to perform the installation, and is very difficuit to retro-fit into an

existing lighting installation where no such control system was ever snvisaged.

In a further example, digital dimming technology can be installed in a home or in an
office using an RE (radio} conirol system such as those supplied by Rako Controls

Limited of Knight Road, Rochester, Kent, ME2Z 2AH. However, planning a lighiing
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project including this type of dimming technology can be confusing, especially with
the vast array of lamp types and fittings now available. Typically a special wall-
mounted control panel is required and a radio controlied dimmer unit, which is
physically quite large in size, has to be wired in series with each luminaire, or group
of luminaires o be controlled. This is both an expensive solution and inevitably

requires a skilled electrician and/or controls engineer to perform the installation.

A further example of a known conirol system is the EYENUT (RTM) system supplied
by Harvard Engineering PLC of Tyler Close, Normanion, Wakefield, West Yorkshire,
WFG 1RL which uses the ZigBee protocol and componenis. This type of sysiem
requires an EYENUT enabled driver and/or dimmer o be connecled to svery
luminaire in the sysiem. These are controlled by one or more EYENUT Gateway
devices, with each (Galeway device being connected by Ethemnet cabling to an

EYENUT hub which in tum is connected {0 a web interface.

As with the other systems described above, a skilled electrician and/or controls
engineer is required o perform any installation. Plus there are considerable costs

involved.

These are just three examples of known wireless protocols that have application in

the lighting field and further protocols are described below.

By way of further prior art, WO2013142292 discloses the application of a Digital
Control Ready (DCR) lighting fixture disposed in one location and coupled to a Digital
Light Agent {DLA) disposed in a second location to control the light oulput of the DCR
fight fitling. A DCR-enabled lighting fixture therefore responds to digital control signals

from a separate digital light agent (DLA) instead of analogue dimming signals.

None of the arrangements described above can be easily adapted to refrofitting to an
existing lighting installation, including adapting an existing installation so that it can
be controlled by smart home systems utilising for example, the ZigBee ® Alliance
wireless profocols. Nor do these arrangements allow for the reporting and relaying of

data o and from a light fiting/luminaire in a two-way communication process.
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it is the object of the present invention to overcome or at least mitigate some of the
problems with the prior art oullined above, and to provide a cost effective Z-way
communication module that also provides a remole control function, and that is easy
to install both in new installations and as a retrofit, without any need for additional
wiring or rewiring, and preferably without the instaliation process requiring any tools

or the services of a skilled electrician/controls engineer.

Summary of the invention

According o a first aspect of the present invention there is provided an electronic 2-
way communication module according to Claim 1. Thus there is provided an
slectronic 2-way communication module suitable for 2-way communication with a
fuminaire and adapled to be instalied in series into the power supply to said luminaire,

wherein said electronic 2-way communication module comprises:-

{i) a housing assembly:
{il) live and neutral power input terminals:
(i) tive and neutral power output ferminals;

{iv) a power supply unit;
V) a dimmer unit confroller;
{vi} a wireless communication interface adapied to receive data/operating
instructions and o relay data o a remole repository;
(vil} & wired connection belween said electronic Z-way communication
module and said luminaire adapied for the 2-way fransmission of daia between the

module and the luminaire and vice versa.

This electronic 2-way communication module provides for the first time the ability not
only to control a luminaire remotely but also io fransmit data wirelessly from a
luminaire to a remote repository, using a module that is simply wired in series with a

cable supplyving power to said luminaire.

Preferably the wired connection between the elecironic 2-way communication module
and said luminaire comprises power line communication technology. Power line
communication fechnology and protocols are well known and require that both the
communication module and the luminaire include the appropriate electronic
components and chip sets o make a particular power line communication protocol

function. This is, in most cases, a simpler arrangament than installing a separate data
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cable between the elecironic communication module and a luminaire in addition {o

ihe existing power cable connection.

Preferably the housing assembly houses all the components of the electronic 2-way
communication module, other than the wired connection between said electronic 2-
way communication module and said luminaire and this provides within a single
housing assembly all the componenis necessary for a user {0 achieve remote control
of an electrical item, such as a luminaire or a fan, as well as relaying data from that

electrical item 1o a remole repository.

Preferably the module includes power input ferminals and power output terminals and
these terminals are preferably integral to the housing assembly. This enables the

module to be of the ‘plug-and-play’ type.

In a particularly preferred embodiment the housing assembly includes input and
output terminals complementary to the corresponding features of the luminaire, such
that the electronic communication module can be instalied in between the two parts
of an existing connector block for fast and easy instaliation of the electronic
communication | module into the connector block of the luminaire, and in-line with the
power supply 1o the luminaire. This is an important feature of the present because i
means that certain remote control funclionalily, such as on/off and dimmer conirol,
can be provided without the need to employ a skilled electrician and/or a controls
engineer. By simply inserting the specially designed and compatible communication
module in line within an existing plug-in type two part electrical connector block the
desired remote conirol funclionality can be introduced o any number of luminaires

that become individually addressable.

in a further preferred embodiment the housing assembily further comprises a lock and
release mechanism complementary to a lock and release mechanism of the plug-in
type two part electrical connecior block of the luminaire. This ensures a firm and
secure connection of the elecironic communication module into the connector block

of the luminaire.

in a particuiarly preferred ambodiment said luminaire comprises an on-board dimmer
unit, the dimmer unit controller in the elecironic communication module controlling the

on-board dimmer unit in the luminaire.
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In a further preferred embodiment the communication module further comprises a
dimmer unit, preferably of the TRIAC dimmer type. This provides an electronic
communication module that can be used with luminaires that have no dimmer function
built in to the circuitry inside the luminaire but which are dimmable, and provides
individual remote luminaire dimmer functionaglity. This provides significantly greater
control than simply replacing a wall light swiich with a wall mounted dimmer swiich,

which by its very nature dims afl the luminaires connected o that dimmer switch.

Preferably the slectronic communication module further comprises a power transfer

and AC communication unit,

Preferably the electronic communication module further comprises a real time clock.

Preferably the electronic communication module further comprises a memory module.

Preferably the memory module is adapted io store information regarding the
functioning of the luminaire selectad from the group of information comprising:-

(8) the number of times the luminaire has been turned on/off;

{b) the total duration the luminaire has been illuminated;

{c) the duration that has elapsed from the initiation of the luminaire;

{(d) the lumen ouiput of an LED light engine associated with the luminaire
when not dimmed;

(&} the operating temperature of an LED light engine associated with the

luminaire.

Preferably the elecironic communication module further comprises a touch sensor

interface as a user inferface o detect user actions.

Preferably the elecironic communication module further comprises a status display

unit.

Preferably the dimmer control unit is of the TRIAC dimmer type. This enables, for the
first time, a ‘plug-and-play electronic control unit that provides dimming control
function to any luminaire that includes a dimmable lamp or bulb, be it an incandescent,

halogen or LED bulb/lamp.
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According o a further embodiment of the present invention there is provided an
glectronic communication module as described herein in combination with a
luminaire/lamp comprising a programmable IC incorporating a dimming funclion, the
dimimer unit controller in the electronic communication module controlling the on-

board dimmer unit in the luminairs.

Preferably the programmabile 1C associated with the lamp/luminaire includes one or

more of the functionalities selected from the group of functions comprising:-

- Swiich mode power supply control {(bucking and fiy-back fopologies);
- On chip temperaiure measurements;

- Capacitive Touch and Proximity sensing;

- Ambient light sensing for auiomatic nighi/day aclivation/deactivation;
- Bi-directional Optical data transfer;

- Power line communications;

- Timer function (auto off eic);

- Accepling commands (e.q. dimming) from a normal wall dimmaer swilch;
- Lumen maintenance;

- Temperalure management;

- Color temperature adjustment;

- RGB control;

- HV LED control {i.e. no transformer/inductor required);

- PIR motion detection {external PIR required);

- Smoke detection (exiernal smoke detector required).

More preferably communication between the elecironic communication module and

the luminaire/lamp is by way of power line communication.

Electronic Z-way communication modules according to this invention can be used in
combination with a wide variety of eleclrical items. According to a further aspect of
the present invention there is provided an electronic 2-way communication module
suitable for 2-way conumunication with an electrical item and adapted to be installed
in series into the power supply to said electrical Hem, wherein said electronic 2-way
communication module comprises:-

(B a housing assembly:



WO 2015/145404 PCT/IB2015/052294

10

20

30

35

8
(i) tive and neutral power terminals:
(i) live and neautral power terminals;

{(iv) a power supply unit;

{v) a dimmer unit controller;

{vi} a wireless communication interface adapted to receive data/operating

instructions and o relay data o a remote repository;

(vil} a wired connection between said electronic 2-way communication
module and said electrical item adapted for the 2-way transmission of data between
the module and the electrical item and vice versa. Where power line communication
is used to transmit data between the module and the electrical item, the elactrical item
comprises the necessary hardware and sofiware o make this two way transmission

possible.

Brief Description of the Drawings

Preferred embodiments of the present invention will now be described, by way of
example only, with reference to the accompanying drawings wherein:-

Figure 1 illustrates in schemaltic form an slectronic 2-way communication module
adapted to fit in series within an existing plug-in type two part electrical connector
block providing power to & luminaire;

Figure 2 illustrates in schematic form the components of an electronic communication
module shown in Figure 1 and ifs interconnection with an LED light engine and
associated PCE;

Figures 3 & 4 iliustraie in block diagram form the componenis of two types of
electronic communication module that include dimmer unit controlier/dimmer conirol
urits;

Figure 5 illustrates in schematic form the components of an elecironic communication
module similar to that shown in Figure 2 and its interconnection with an LED light
engine and associated PCB;

Figure 6 illustrates in schematic form the components of a further electronic
communication module and its interconnection with an LED light engine and
associated PCE;

Figures 7 and 8 illustrate perspective and plan views respectively of a further
electronic communication module with the top of the housing assembly removed {0

expose a schematic view of the componeants;
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Figure 8 illustrates the electronic communication module of Figure 7 with the
housing assembly cover in place and input and oufput power line wires attached;
Figure 10 illustrates the input and output wires shown in Figure 9 atlached to
respective FASTHFIX (RTM) connectors; and

Figure 11 iliustrales the respective FASTFIX {(RTM) connectors connected to each

other.

Description of the preferred embodimenis

The present invention will now be described by way of examples only. These are not
the only ways that the invention may be put into praclice, but they are the best ways

currently known to the applicant.

The present invention provides a new type of electronic 2-way communication module
that can be inserted in series in the power supply cable {o a luminaire, either as an
inline modute/connector block or, preferably, as a plug-in connector block that can be
inserted into known types of plug-in typs two part elecirical connector blocks. Such
connector blocks are well Known in the electrical trade and a wide varisly are already
commercially available. Three examples that have particular application in the lighting
sector are the FASTFIX (RTM) Rapid Install System supplied by Aurora Limited, the
CLICK {(RTM) system supplied by Scolmore International Limited of Scolmore Park,
Landsberg, Lichfieid Road Industrial Estate, Tamworth, Siaffordshire, United
Kingdom, B79 7XB, and the Wieland {RTM) connectors supplied by Wieland Electric
GmbH of Brennerstrafie 10-14, 96052 Bamberg, Germany.

These versatile lock and release connectors allow for the safe instaliation and
subsequent replacement of a variety of light fitlings or luminaires or other electrical
items such as fans. The terms “light fitling” and “luminaire” are considered io have
the same meaning and will be used interchangeably in the context of this description.
Similarly the terms "lamp” and "bulb” are considered (o have the same meaning,

namely a device for giving out light that fits into some type of holder.

The ferm luminaire has a broad meaning in this context and is {0 be undersiood {o
encompasses similar terms such as light fixture, light fitting and lamp. The term lamp
is to be understood 1o encompass similar terms such as light bulb, light or LED light

engine. An LED light enging is a combination of one or more LED modules together
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with the associated electronic control gear or LED driver. An LED module contains

one or more LEDs, iogether with further components, but excludes the control gear.

In practice when instaliing a luminaire the mains wiring is connected {o the primary
section of a connector and the necessary testing is then carried out. The appropriate
urminaire is connected io the secondary section of the connector, if not already
supplied in this fashion by the manufacturer. The instaligtion is completed by plugging
the primary and secondary connectors fogether, ensuring that they are locked in
combination, and finally positioning the luminaire in its desired position. Both 3 pole

and 4 pole connectors of this type are available.

It will be appreciated that as well as providing a safe and secure mains supply o the
fuminaire, these connectors allow quick and easy replacement of a luminaire simply
by the user operating the quick release locking/uniocking system and puliing the
connector aparl. No live wires or connections are ever exposed and no lools are
required to perform this operation. Nor is there any need for a qualified electrician.
So long as the new luminaire comes with a secondary connecior already aitached ii

can simply be plugged in to the primary connecior, again with no tools required.

As well as illustraiing certain embodimenis of the present invention, Figure 1 shows
a known arrangement whereby a luminaire 6 can be connected o a power source
using such a connector assembly. Thus Figure 1 shows a power source 7 which has
live, neuiral and earth connections, all of which are connected to a first or primary part
4 of a plug-in type two part elecirical connector block. In this description the part of
the connector block connecled o the power source is referred to as the primary
section and the part connecled 1o the luminaire is referred to as the secondary section.
A second or secondary part 5 of the plug-in type two part electrical conneclor block is
connecied to the luminaire 6. In normal, use prior to this invention, the luminaire is
connected to mains power by simply push fitting first part 4 and second part 5
together, ensuring that locking lugs 10,11 on the secondary part 5 engage with and
lock into corresponding apertures in the primary part 4. This plug-in fype two part
electrical connecior block can be easily unplugged to permil easy removal and
replacement of the luminaire. This can be done without any tools, re-wiring or the

services of an electrician or controis engineer. A quick release locking mechanism of
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some type is usually provided as an integral part of the connector housing to avoid

the two parts from corning apart accidentally.

Versatile as these connectors are for making mains or low voltage power connections,
they do not include any control or communication funclionality, and certainly no
remote conifrol or remote daia reporting functionality. Currently that type of control is
usually provided by a wall swiich, a specialised conirol panel or remote
communication module as part of a sophisticated controls package using a dedicated
communication protocol. In the case of LED luminaires these often require special
dimming drivers with remote control built in, or remole control built in to each LED
luminaire. ZigBee (RTM) and DALI (RTM) as discussed above are jusi two of the
communication protocols that currently find favour, but there are many others (see

below).

An example of an elecironic Z2-way communication module according to the present
invention is also illustrated schematically in Figure 1. In this example the electronic
module is shown connected {o a digital dimming ready LED downlight 6 but it will be
understood that it could be used connecited o any plece of electrical or electronic
equipment where remote control of some funclion is required. A conventional fwo
part electrical connector block with a primary section 4 and a secondary section 5 is
shown connecting power line 7 to the luminaire 6. A plug in electronic module, shown
in grey scale in Figure 1 located belween the primary and secondary seclions of the
connecior block. During assembly, one of the electronic communication modules 1,
2 or 3, which are shown as alternatives, is plugged in series in between sections 4
and 5. The electronic 2-way communication module is thus adapied o be connecied
in series into the power supply o the luminaire/lamp. These modules incorporate all
the communications interface, dimming unit coniroller, and optionally a dimmer unit,
and associated compoenents/circuitry necessary to control all the desired function of
the luminaire, and to relay data collected by the luminaire back o a remote data
reposiiory.  In the example shown in Figure 1, the necessary conirol signals are
transmitied {o the luminaire along control cable 9, and the power is supplied along
cable 8. The conirol signals can be BiWire (RTM) signals, and are preferably PWM
(pulse width modulation} signals and cable 9 is connected o a dimmer unit in the
luminaire.  Other wired communication protocols can be used for conirolling the
dimmer. Although cabies 8 and 9 are shown as separaie cables, these can be

combined into a single multi-core cable.
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Although separate power 8 and control 9 cables are shown for clarity purposes in
Figures 1 and 2, in a preferred embodiment the control signals are simply transmiited
down the conventional mains/power cable that connects the connector block, shown
in Figure 1 as 5 and in Figure 2 as 15, {o the integrated circuit and driver on the LED
PCB using known power line communication technology. Power-line communication
(PLC) carries data on a conductor that is also used simultaneously for AC electric
power transmission Thus in this embodiment there would only be a conventional
mains/power cable connecting the luminaire 6 to the connector block section, shown
in Figure 1 as 5 and in Figure 2 as 15, exactly as in the prior art arrangement. This
configuration is shown in Figure 5, in which an electronic communication module 213
comprises a ZigBee wireless module and a PLC dimmer unit confroller, and the
conirol signais are passed to the dimmer 217 via a mains cable. Again, the electronic
communication module is adapted to be connected in series into the power supply to

the luminaireflamp

The various examples of communication module 1, 2 and 3 shown in Figure 1 will
now be described in more delail. As explained above, a variely of technical standard
for network-based systems for controliing lighting in buildings have already been
developed. it is an object of the present invention o make use of these existing,
preferably wireless, standards in a communication interface in the communication
module, as well as being able to use those standards vet (o be developed. Existing
technologies include ZigBee (RTM) as used in module 3 in Figure 1, module 13 in
Figure 2, and module 213 in Figure 5, and DAL (RTM), as used in module 2 in Figure
1. Other useful wireless technical standards and protocols include Z-Wave (RTM),
LoWPAN, JenNet-IP, INSTEON (RTM), X10 (RTM), Bluelooth (RTM) and Wi-Fi
(RTM). This list is not exhaustive bul serves fo indicate the wide range of standards
and protocols that can be employed in this invention. In addition, there may be new
protocols developed in the fulure that could have good application in the present areas
of technology. Itis intended that this disciosure and the communication modules and
systems described herein can be operated using any suitable wireless
protocol/technical standard. That is to say, any of thess protocols, when properly
configured with the necessary components and circuitry, can be used to send control
signals to an elecironic communication module according to the present invention and
thus on to an IC module in the LED lampfluminaire or to a dimmer module, either built

in to the circuitry within a luminaire or lamp, or within the communication module itself.
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It is an imporiant advantage of the slectronic 2-way communication modules of the
present invention, and the IC in the LED unit that they communicate with, that if a new
wireless protocol is adopted or additional functionality is required, the old electronic
module can be removed and a new electronic 2-way communication module can
simply be inserted in its place. This is a very easy change o make and no {ools or
professional technical expert are reguired when a quick release two part elecirical

connecior version is used.

it is a further advaniage thal whichever type of wireless protocol is used o
communicate with the elecironic communication module, the control signals from that
slectronic communication module to the luminaire/lamp, and any data/information
sent back from the luminaire/lamp fo the communication module, are communicated
using the same protocol. Thus the luminaire/lamp is able to respond appropriately to
these control signals regardless of which wireless technology is used to instruct the
electronic communication module. Various suitable protocols for these control signals
are known, such as X10 and PWWM, and cthers are under development. ltis intended

that the present invention can operate using any suitable communications protocol.

A variety of dimming modules or technologies have already been developed for LED
light engines and recently these have been miniaturised into integrated circuits {IC)
or microchips such that they can be incorporated onto the PCB on which the LED light
engine is mounied, or they can be incorporated elsewhers within an LED luminaire or
famp. The presentinvention in these embodiments makes use of LEDs which contain

this IC "on board” dimmer technology.

Where the luminaire does not contain a built in dimmer module that can be conirolied
by signals from the slectronic communication module, but the LED luminaire circuitry
is nevertheless configured such that the luminaire is dimmable, then an in-line
wireless dimmer, such as module 1 as shown in Figure 1, can be used. Referring to
the schematic block diagram shown in Figure 3, this shows an electronic
communication module that includes a Z-way communication interface 58 and
associated signal processing unit 58, fogether with a dimmer control unit 55 that
includes a dimmer unit. The dimmer unit is preferably of the TRIAC type that finds

application in conventional dimmer swiiches.
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This type of dimmer unit is compatible with so-called 'dimmable luminaires’, including
dimmable LED luminaires that have the capabilily to fransiate signals from a TRIAC
type dimmer inio the rapid pulsing used to confrol LED light levels. 1t will however be
appreciated that other types of analogue and digital dimmer units could be used within
a communication module according fo the present invention in order to achieve the
desired dimming function. Dimming units are continually being developed and this
inveniion is intended to include known and vet to be developed dimming units and

dimming technologies, including digital AC dimmers and TRIAC dimmer emulators.

Afurther exampie of an electronic 2-way communication module 100 according to the
present invention is illustrated schematically in Fiqure 4. Elecironic communication
module 100 includes a live power input terminal 114, a neutral power input terminal
118, a live power output terminal 118, and a neutral power output terminal 120, Input
and output earth terminals (not shown} may also be provided. Elecironic module 100
further includes an AC conditioning module 103 connected to a power transfer and
AC communication unit 106. Each of the cutput terminals 118, 120 are electrically
connected {o power transfer and AC communication unit 108. The electronic module
100 further includes a dimmer unit controlier 105 and a cormnmunication interface 108.
The dimmer unit controller 105 is electrically connected to an intelligent power supply
urit 104, and receives electrical power there from. The above componenis are all
located within an electronic communication module housing assembiy of the type

shown schematically in Figures tand 2 as 1, 2, 3or 13 or 213 in Figures 5.

i the embodiment shown in Figure 4, electronic communication module 100 recsives
control information in the form of wireless signals received by communication unit 106,
which decodes the control information and passes the information to dimmer unil
controller 105. Dimmer confrol unit 105 sends a control signal via the unit 106 to
regulate the intensity of light emitted by the luminaire. Dimmer contrel unit 105 can
for example cause the luminaire {o be swilched off, switched on fully, or fo emit light

of an intermediate intensity, according to the control information received.

An important feature of this invention is that regardiess of the nature of the wirsless
technology/protocol used fo receive wireless information at the electronic
communication module, the oulpul control signals sent out by the electronic
communication module o the IC in the LED lamp/luminaire are always of the same

format or protocol. This means that if for example a different wirsless protocol is used
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at a later date, or additional functionality is required, then the user simply needs io
remove the old communication module and install the appropriate new electronic

communication module. The system is therefore future proof in this regard.

in preferred embodiments such as the ones shown in Figures 1 2 and 5, the housing
assembly housing modules 1, 2, 3, 13 and 213 include a lock and release mechanism
and input and ouiput terminals complementary {o the corresponding features of the
plug-in type two part electrical connector block of the luminaire, such that the
glectronic communication module can be instalied in between the two parts of an
exisiing connector block for fast and sasy installation of the elecironic communication
module into the connector block of the luminaire. Again, this can be done without any

rewiring or tools and does not require the services of an electrician or control engineer.

The present invention is particularly versatile in that other remote control functionality
can be incorporated into these electronic communication modules. For exampls,
LEDs are available in which the colour temperature of the emitted light can be varied.
LEDs are also available in which the colour of the light emitted can be varied.
Examples of this known functionality are available from Super Bright LEDs Inc., 5t
Louis, Missouri, USA. However, as with other prior art fechnology, any lighting system
incorporating this technology has to be designed and specified before installation, and
requires expensive and bulky conirol units to be installed by skilled slectricians or
control engineers. A further disadvaniage is that these known control units can each

only handle a imited number of lamps or luminaires.

In contrast, by using an slectronic communication module according to the present
invention, a communication module including the appropriate signal generating
function is simply wired in serigs with or inseried between the connector blocks
associated with each lamp/luminaire that needs to be conirolled remotely. In the laiter

case no lools, specialist technician or spedcialist knowledge are required.

In addition, the communication belween the electronic communication module and
the integrated circuit associated with the luminaire is preferably by power line
communication along the power cable connecting the eleclronic communication
module to the LED luminaire or lamp. This power line communication technology is
well known and a variely of different power line communication technologies and

protocols are available to select from, as determined by the appropriate expert. This
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means that an slectronic communication module according to the present invention

can communicate with any LED device which has the corresponding power line

communication function built in to its infegrated circuitry.

The functionality of the 1C module in the LED luminaire or lamp and the interaction

hetween that IC and the electronic communication module is clearly an important

feature of the present invention. One preferred IC option is a Microcontrolier ASIC

(MASIC) which provides a cost effective but programmable (ROM) platform for

intelligent LED lights. Set out below is a list of functions that such a chip can perform.

This list of functions in not exhaustive but rather serves 1o illustrate the wide range

and variely of functions that can be incorporated into en elecironic communication

module/iC combination.

- Switch mode power supply control {bucking and fly-back topologies);

- On chip temperature measurements;

- Capacitive Touch and Proximily sensing;

- Ambient light sensing for automatic night/day activation/deactivation;

- Bi-directional Optical data transfer;
- Power line communications;

- Timer function (auto off etcy;

- Acceplting commands (e.g. dimming} from a normal wall dimmer switch;

- Dimming functions without external dimmer,;

- Lumen maintenance;

- Temperature management;

- Colour temperaiure adjustment;

- RGE control;

- HV LED conirol (i.e. no transformer/inductor required);

- PIR motion detection;

- Other sensor data collection, management, slorage and daia transfer,

including smoke detection data.

Each of the functions above can be expanded into for specific applications.

For

example, the MASIC device can be provided with the necessary analogue elements

to interface directly to a pholo dicde or phototransistor (3¢ - 5C) US. By adding this

single component the following functions and features becomes possible:
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- Measurement of ambient light. This enables automatic activation of an LED

lamp/luminaire when it gets dark and switching #t off when it is light.

- it also very elegantly sllows for data fransfers and hence configuration from
smart phones, tablets, laptops etc without any further costs. This can be via

the screen or via the flashlight mechanism on the phones eic.

The result of this functionality means that a standard LED lamp/luminaire with a 3¢
exira component can be bought by a consumer and then the consumer can configure
the lamp/luminaire using their smart phone or tablet {o select an auto off period, orto
make if automatically switch on at night, at a light level they choose and for a selecled
period only. These functions were always desirable butl previously a supplier had 1o
stock every function in a separate product. Now they are available in one LED
lamp/luminaire and the user simply selects the functions they want by running an app
o thelr phone, tablel, laptop, PC or other device, gaining incredible functionality and

flexibility.

A further example relates {o colour temperature. Some applications desire warm
white for ambience, and others cold white for energy and atiention elc. Now a single
lampduminaire can offer all temperature ranges from say 3000K fo 5000K in whatever
steps the manufacturer wanis to offer. Once again these colours are selectable with
the user's smart phone/table/laptop app. In this case additional colour LED's must be

incorporated into the LED light engine.

Optionally the LED device may be programmed {0 cycle through the colours, offering
colder colour during working ours and becoming warmer as the nighi wears on o help

the body with normal sleeping pattemns.

One further important aspect is the functionality this technology makes possible with
regards to networks, home/building automation and power management. Currently if
is extremely costly to install a home automation system for lighting and even more
difficult fo maintain such g systemn as the user's needs change and more devices are
added to the system over time. Anyihing that is changed requires input from a

professional technical expert.
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it the past the lamps/uminaires were not part of the network, but were simply a dumb
fcad. And each lamp/luminaire had to be individually wired to a network node in order
fo be individually conirollable. This was very costly in a new build and usually required
complete rewiring of an existing building or home. There was also a problem of how
to link a new or extra lamp/luminaire info the network. How and with what do you

program it?

Using the present invention all these problems disappear because each
famp/luminaire fitlled with an electronic 2-way communication module is individually
addressable. The user simply runs the home automation app on a chosen computing
device, selects the position to install the lamp on the Graphical User Interface (GUD
and then configures the lamp via the optical data transfer interface. Now the lamp
has an address or handle in the nelwork and can be addressed {o perform individual

functions even though it is on the same power lineg with several other lamps.

Essentially a user can set all this up by himself {or his teenage child}, without having
to involve a professional expert, and when getting home at night can for example
activate several lighis in the house by selecting a single icon on the smart phone. By
way of example, if the user arrives home late at night he/she may activate the porch
light for 30 minutes, the stairs light for 30 minutes and the bedroom light uniil it is

swiiched off.

In summary, the combination of an electronic 2-way communication module fitied in
fine with the LED lamp/luminaire power supply in combination with an intelligent,
programmable ‘chip on board' in the LED lamp/uminaire provides many levels of
sophisticated conirol for the user. These range from simple dimming functions to
creating and augmenting a complex building control and automation system. As
mentioned above, the IC can measure lemperature (no added components), motion
detection {(extra PIR only required), smoke (sensor added) and feed this information
back into the network over the power line or wired datla connection o the electronic

2-way communication module and from there wirelessly o a remote data repository.

As indicated above, other remotle control functionality that can be incorporated into

these modules includes, but is not limited to:-
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Touch sensor/proximity sensor inpul{s), as for example described in
US2012/0066480 (Frederick Bruwer) and US6,248,088B1 (Azoteq Pty Lid);

Motion sensors 1o turn the luminaires on and off or alter the brighiness of a luminaire

in response o the detection of movement in a spacs;

Time inpul{s) from a real time clock to turn the luminaire on and off on a timed basis;

Light input({s) from one or more light sensors to turn the luminaire on/off in response

io the ambient light level.

These functionalities are known per se in the lighting field and the technology can be

gasily incorporated into the appropriately programmable microprocessor chip.

With regards io suilable user inferfaces o interact with and instruct an elecironic 2-
way communication module, a wide variety of options are available. These include
Apps for iPhones {(RTM) or other smart phones, Apps for iPads (RTM) or other tablet
devices, programs for a PC, and dedicated remote control units including wall
mounted remote control unifs. Apps of various description and functionalily are now
ubiquitous and once again the technology necessary {o develop such Apps and

devices is either known or within the skill of a competent software designer.

It will be appreciaied that if no plug-in type two part electrical connector block is in
place in an existing installation, or a luminaire/light fitting is supplied without a plug-in
type two part electrical connecior block, then one can simply be installed, in order that

an electronic communication module according to the present invention can be used.

Alternatively and as shown in Figure 6, the in-line electronic communication module
213a is installed by connections made directly {o the mains cable 220 before it
reaches the luminaire 216 by screw fix or push fit conneclors {not shown). Again,
elecironic communication module 213a is adapled o be connected in series info the

power supply to the luminaire/amp.

In summary the electronic 2-way communication module is connected in-line between
the luminaire and the power supply. Forinstallations in which the luminaire includes

a dimmer that is able to communicale with the electronic communication module via
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PLC protocol, communication between the slectronic communication module and the
lurminaire is via the power cable, and a signal cable is not required. Power-line
communication (PLC) is a protocol in which data is carried on a conductor that is also

used simultaneously for AC electric power fransmission.

A signal cable is also not reguired where the eleclronic communication module

communicates with the dimmer using a near field proiocol, such as Blusiooth (RTM).

For instailations in which a dimmer unit is located in the luminaireflamp then the
dimmer unit must be able (o communicate with the electronic communication module.
This communication beiween the slectronic module and the luminaire dimmer unii
could be by power line communication via the power cable, or via an additional
communications cable as described above. . Various communication prolocols are
known and available for this purpose including X10 and Pulse Width Modulation
(PWM). Puise-widith modulation is a modulation technique that controls power

supplied to electrical devices.

it will he appreciated that improved protocols for such communication are consianily
in development and may become available in the fulure, and which can be applied fo
this approach for remotely controlling a luminaire by using a corresponding
communication interface, and/or by using a corresponding protocol for providing

information to the luminaire from the dimmer unit controller and vice versa.

Figures 7 to 11 fllustrate a further embodiment of the present invention that may be
wired in series inio the powerline supplying power (o 3 luminaire, or other itern to be
communicated with, or wired into plug-in type two part electrical connecior blocks, as
shown in Figures 10 and 11, and as described above. Figure 7 illusirates an
slectronic 2-way communication module 300 with the side walls 301, 302 and base
303 of a housing assembly. The top or cover 1o the housing assembly has been
removed for clarity, but the complete housing assembly is shown in Figure 8. The
various componenis necessary o receive and fransmit wireless signals and daia, and
to enable bi-directional powerline communication with the LED light engine in a lamp
or luminaire, are housed within the housing assembly, together with terminal blocks
304, 305. Components housed here can include a wireless IC translating data in a 2-
way nature with a Power Line Communications IC. During assembly, wires 310, 311

are attached o terminal blocks 304, 305 allowing the module 1o be connected in series
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with the live, neulral and earth power supply to a luminaire/light fitling or other

slectrical itern with which it is compatible.

Figure 10 shows the module 300 connected to female 320 and male 321 connector
blocks of the quick release type, ready for connection 1o corresponding connectors
322, 323 wired into the power supply to the electrical item (o be communicated wilh.

This is shown more clearly in Figure 11.

it will also be understood that luminaires and lamps are not the only devices that can
be conirolled using this invention. For example, the fan speed of 3 fan could be
conirolied using an elecironic 2-way communication module according to the present

invention.
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CLAIMS

1. An electronic 2-way communication module suitable for Z-way communication
with a luminaire and adapted fo be instalied in series into the power supply to said

fuminaire, wherein said electronic 2-way communication module comprises:-

(i) a housing assembly:
{ii) live and neutral power terminals:
(i) live and neutral power terminals;

{iv} a power supply unit;
{v) a dimmaer unit controller;
{vi} a wireless communication interface adapted to receive data/operating
instructions and to relay data o a remots repository;
{vii} a wired connection between said electronic Z-way communication
module and said luminaire adapied for the 2-way fransmission of daia between the

module and the luminaire and vice versa,

2. An electronic module according to Claim 1 wherein the wired connection

comprises power line communication technology.

3. An slectronic medule as claimed in Claim 1 or Claim 2 wherein the power input

terminals and the power output terminals are inlegral to the housing assembly.

4. An electronic module as claimed in Claim 2 wherein the said luminaire is
connected to a powsr supply by means of a plug-in type two part electrical connector
block and wherein the housing assembly includes a lock and release mechanism and
input and output ferminals complementary to the corresponding features of the plug-
in type two part electrical connector block of the luminaire, such that the elecironic
communication module can be installed in between the two parts of an existing
connecior block for fast and easy instaliation of the electronic communication module

info the connector block of the luminaire without the need for any tools,

5. An electronic module according to any preceding claim wherein said luminaire
comprises an on-board dimmer unif, the dimmer unil controller controlling the on-

board dimmer unit in the luminaire.
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6. An electronic module as claimed in any of Claims 1 fo 4 inclusive further

comprising a dimmer unit.

7. An slectronic module as claimed in Claim 6 wherein the dimmer unit is of the
TRIAC dimmer type.

3. An electronic module as claimed in any preceding claim further comprising a

power transfer and AC communication unit.

9. An elecironic module as claimed in any preceding claim further comprising a

real ime clock.

10. An electronic module as claimed in any preceding clalm further comprising a

memory moduie.

11. An electronic module according to Claim 10 wherein the memory module is
adapted to store information regarding the funclioning of the luminaire selected from
the group of information comprising:-

(8) the number of times the luminaire has been turned on/off;

{b) the total duration the luminaire has been illuminated;

{c) the duration that has elapsed from the initiation of the luminaire;

{(d) the lumen ouiput of an LED light engine associated with the luminaire
when not dimmed;

(&} the operating temperature of an LED light engine associated with the

luminaire.

12. An electronic module as claimed in any preceding claim further comprising a

touch sensor interface as a user interface to detect user actions.

13. An electronic module as claimed in any preceding claim further comprising a

staius display unit,

14. An elecironic module as claimed in any preceding claim further comprising a

wireless {C transiating data in a 2-way nalure with a Power Line Communications IC.
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15. An electronic 2-way communication module adapted to be connected in series
into the power supply to a luminaire/lamp substantially as herein described with

reference to and as illustrated in any combination of the accompanying Figures,

16. An electronic 2-way communication module according to any preceding claim
in combination with a light engine comprising & programmable IC incorporating a

dimming function.

17. An electronic Z-way communication module/ight engine combination
according to Claim 16 wherein the programmable IC associgted with the
lamp/luminaire includes one or more of the functionalities selecied from the group of

functions comprising:-

- Switch mode power supply control {bucking and fly-back topologies);
- On chip temperature measurements;

- Capacitive Touch and Proximity sensing;

- Ambient light sensing for automatic night/day activation/deactivation;
- Bi-directional Optical data transfer;

- Power line communications;

- Timer function (auto off etcy;

- Acceplting commands (e.g. dimming} from a normal wall dimmer switch;
- Lumen maintenance;

- Temperature management;

- Colour temperaiure adjustment;

- RGE control;

- HV LED conirol (i.e. no transformer/inductor required);

- PIR motion detection {external PIR required);

- Smoke detection (external smoke detector required).

18. An electronic module/light engine combination according to Claim 16 or Claim
17 wherein communication between the electronic communicalion module and the

fuminaire/lamp is by way of power line communication.

19. An  electronic Z-way communication moduledight engine combination
substantially as herein described with reference o and as illustrated in any

combination of the accompanying Figures.
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20. An elecironic Z-way communication module and luminaire/lamp combination
substantially as herein described with reference to and as illustrated in any

combination of the accompanying Figures.
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