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(57) A lighting device 1 comprises one or more light sources
7; a primary input power connection 5 and electronic
circuitry 19 for controlling power delivery from the power
connector 5 to the light sources 7; the electronic circuitry
19 measures an indication of the external electrical load
on the power supply network connected to the power
connection 5 and the varies the power delivery to the light
sources 7 in response to these measurements. The
device may reduce the power drawn from the input by
decreasing the brightness of light produced by the light
sources 7; the frequency of the power supply may be
used as the indicator of external load. The device may
include a secondary power supply such as a battery 17
which is used to power the device when power draw from
the primary power connection is reduced.
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LIGHTING DEVICE

The present invention relates to lighting devices and in particular to lighting devices that
have additional components and circuitry to enable the lighting device to control
consumption of electrical power from one or more power supplies.

The present inventor has previously proposed (in GB 2447495) an electric lighting device
having circuitry that can provide power to the lighting device from a backup battery rather
than the mains supply if a mains failure is detected. The present invention was made as
a result of the inventor seeking to improve or modify this earlier lighting device to

increase functionality.

Summary of Invention

According to one aspect, the invention provides a lighting device comprising: one or
more light sources; a primary input power connection; and electronic circuitry for
controlling delivery of power from the primary input power connection to the one or more
light sources; wherein the electronic circuitry comprises: means for determining an
indication of an external electrical loading on a primary power supply network coupled, in
use, with the primary input power connection; and means for varying the power drawn
from the primary input power connection in dependence upon the determined indication
of the external electrical loading on the primary power supply network.

In one embodiment, the determining means is arranged to receive a signal from an
external device indicative of the external electrical loading on the primary power supply
network. The signal may be received from the primary power supply network, in which
case, the signal may be modulated onto the power signal and the determining means will
comprise a demodulator for demodulating the received signal.

The determining means may determine a measurement of the frequency of a power
signal received at the primary input power connection and based on this frequency

determine the loading on the supply network.

In this case, the electronic circuitry may further comprise: means for providing at least
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one threshold value; and means for comparing the threshold value to the measurement

of the frequency of the power signal.

The varying means may decrease the power drawn from the primary input power
connection when the determining means determines that there is a high electrical loading
on the primary power supply network. For example, the varying means may decrease
the power drawn from the primary input power connection by inhibiting operation of a
charging circuit used to charge a secondary charge storage device associated with the
lighting device. In addition or alternatively, the varying means may decrease the power
drawn from the primary input power connection by reducing the brightness of light
generated by the one or more light sources.

If desired, the lighting device may replace power drawn from the primary input power
connection with power drawn from a secondary power supply associated with the lighting
device. This may be for purposes of powering the light sources to provide sustained
illumination or for some other purpose.

In one embodiment, the varying means increases the power drawn from the primary
input power connection when the determining means determines that there is a low
electrical loading on the primary power supply network. This may be done, for example,
by allowing operation of a charging circuit used to charge a secondary charge storage
device associated with the lighting device. In addition or alternatively, this may be done

by increasing the brightness of light generated by the one or more light sources.

The lighting device may also comprise a secondary power supply; the electronic circuitry
may be arranged to control delivery of power from the secondary power supply to the
one or more light sources; and the varying means may vary the power drawn from the
secondary power supply in dependence upon the determined indication of the external
electrical loading on the primary power supply network. In this case, the electronic
circuitry may further comprise means for determining a remaining charge of the
secondary power supply; and the varying means may be prevented from increasing
power' drawn from the secondary power supply if the charge determining means

determines that the remaining charge of the secondary power supply is lower than a first
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charge value.

The electronic circuitry may also comprise means for measuring an external impedance
coupled, in use, to the primary input power connection and the varying means may be
arranged to control power drawn from the secondary power supply in dependence upon
the impedance measure. This may be for purposes of powering the light sources to

provide sustained illumination or for some other purpose.

The varying means may also be configured to increase the power drawn from the
secondary power supply when the power signal is not present at the primary input power

connection and the impedance measure is below a predetermined threshold value.

In one embodiment, the determining means communicates using one of optical signal
transducer, an acoustic signal transducer or an electromagnetic wave signal transducer.

One or more system element may be enclosed partially or wholly within- a light bulb
enclosure or similar transparent or translucent housing.

By automatically reducing consumption of power during periods of high demand, faults
with the electrical network can be minimised.

The lighting device may retro-fit any existing light fitting or wiring installation and may

replace or augment any conventional lighting devices powered from the mains power

supply.

These and other aspects of the invention will become apparent from the following
description of exemplary embodiments which are described below with reference to the

accompanying Figures in which:

Figure 1 is a schematic view of a lighting device for connection to a conventional light
holder and wiring instailation and which can control the delivery of power from a primary
power supply to light sources within the lighting device;
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Figure 2 is a schematic diagram illustrating a typical lighting circuit in which the lighting
device shown in Figure 1 may be installed;

Figure 3 is a block diagram illustrating the main components of electronic circuitry
forming part of the lighting device shown in Figure 1;

Figure 4 is a block diagram illustrating components of a frequency sensing circuit forming
part of the circuitry shown in Figure 3;

Figure 5 is a schematic diagram illustrating a further embodiment in which circuitry for
determining the loading on a primary supply network is provided remotely from the
lighting device; and

Figure 6 is a block diagram illustrating alternative circuitry that may be provided in a
second embodiment of a lighting device that does not have a secondary power supply.

Overview

Figure 1 shows an example of a lighting device 1 embodying the present invention. In
this instance, the lighting device 1 is in the form of a traditional look-a-like light bulb that
has an optically transparent/translucent housing 3 that is mechanically coupled to a fitting
5. The fitting 5 is for connecting the lighting device 1 to a conventional light holder (in
this case illustrated as a conventional screw type holder), which in turn connects the

lighting device 1 to a primary power supply.

One or more light sources 7 are provided within the housing 3. In this embodiment, the
light sources 7 include a plurality of light emitting diodes 9 that are arranged in one or
more arrays 11 so that the lighting device 1 has a wide angle of illumination. To achieve
optimum efficacy, efficiency and life span, the LED array(s) 11 are mechanically fixed
and thermally connected to a heatsink 13. The structure and function of the heatsink 13
is described in the applicant's earlier GB application (GB 1014428.5), the content of
which is incorporated herein by reference. As shown in Figure 1, the heatsink 13 has a
cavity 15 in which a battery 17 is mounted. As will be explained in more detail below, the
battery 17 is for powering the light source(s) 7 in the event of a failure of the primary
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power supply.

Electronic circuitry 19 is provided within a base 21 of the lighting device 1. In this
embodiment, the electronic circuitry 19 includes circuitry for determining an indication of
the external electrical loading on the primary supply network and circuitry that controls
the power drawn from the primary supply in dependence upon the determined indication.
In this way, the power drawn by the lighting device 1 can be reduced at times of high
demand on the primary supply network and/or can be increased at times of low demand.
The operation of the lighting device 1 in this manner therefore helps to reduce the
likelihood of a mains power supply failure (caused by excessive consumer demand).
Whilst the reduction in demand is a very small percentage of the overall instantaneous
demand, if a large number of similar lighting devices 1 also operate in this way, the
reduction in the demand could be significant — helping to provide a more stable mains
supply network. The way in which the indication of the external electrical loading on the

primary supply network is determined will be described in more detail later.

Lighting Circuit

Figure 2 is a schematic diagram illustrating part of a typical primary power supply
network 12 in which the lighting device 1 shown in Figure 1 may be installed. As
illustrated in Figure 2, local or national grid supplied AC power is typically transformed
down from a very high transmission potential D, usually in the order of thousands of
volts, to a lower “mains” supply usually in the order of low hundreds of volts by a
transformer 14. The secondary winding of the transformer 14 will provide power to one
or more local consumers across terminals 16, here representing the external connections
into a building 18. This input supply (shown as potential E) usually passes through
appropriate current limiting protection devices 22 (fuses, circuit breakers etc.) which are
typically mounted within a distribution board, consumer unit or the like. As shown in
Figure 2, two light holders 24-1 and 24-2 are connected within a lighting circuit 28 to the
current limiting devices 22 via user operable switches 26-1 and 26-2. [n this illustration,
the switches 26 are shown in a two-way configuration, although there may only be a
single switch 26 or multiple swiiches connecting the holders 24 to the current limiting
devices 22. Thus, lighting devices 1 mounted in such light holders 24 will have a mains
power supply as the primary power supply for illuminating the light sources 7.
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Operating Modes

In this embodiment, the lighting device 1 has a number of different modes of operation
and the appropﬁate mode of operation is determined based on the external electrical
loading on the primary power supply to the lighting device 1. In this embodiment, there
are three loading categories that define three different operating modes — normal mode,
economy mode and charging mode. Different categorisations (and operating modes)
could of course be used — having fewer or more categories. In this regard the reader is
referred to the applicant’s co-pending GB application GB 1105485.5 which describes a
number of other operating modes that the lighting device 1 may have,

Normal Mode

The normal mode of operation is defined to occur when there is a normal loading present
on the primary power supply network 12. In the normal operating mode, the electronic
circuitry 19 uses power from the primary power supply to illuminate the light sources 7
and to power the circuitry 19 as required. During the normal mode, the battery 17 may
be charged (or partially charged) to a certain minimum capacity level, if it is determined
that the battery 17 charge is particularly low or a diagnostic test is being carried out.

Economy Mode

The economy mode of operation is defined to occur when there is a high loading present
on the primary power supply network 12. During this mode, the electronic circuitry 19
ensures that the lighting device 1 draws no or minimal electrical power from the primary
power supply (for example for making appropriate measurements). If desired, in this
mode, the primary power supply may optionally be isolated or disconnected from the
power consuming components of the lighting device 1, to ensure no power is drawn from
the primary power supply. In this embodiment, the battery 17 is used to provide a
secondary power source so that the electronic circuitry 19 can continue to function and
so that the lighting device 1 can continue to emit light even when in the economy mode
of operation. In this embodiment, the lighting device 1 delivers power from the battery 17
to the light sources 7 until the battery charge has fallen below a defined lower threshold
level — at which point power may be drawn again from the primary power supply. In this
mode, battery charging is inhibited.
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Charging Mode

The charging mode of operation is defined to occur when there is a low loading present
on the primary power supply network 12. During this mode, the battery 17 is intelligently
(re)charged as required using energy from the primary power supply, typically via a step-
down transformer, switched mode power supply or other voltage reducing and rectifying
subsystem. The charging of the battery 17 is controlled by the electronic circuitry 19

which monitors the charge rate and cell voltage to prevent over-charging.

Diagnostic and Mode Indicators

In this embodiment, the lighting device 1 has a diagnostic indicator 23 in the form of a
light emitting diode that is connected separately to the electronic circuitry 19. The
electronic circuitry 19 can control the diagnostic indictor 23 to either continuously or
intermittently indicate the current operating mode and/or to indicate any fault detection
therein. This may be achieved, for example, by varying the illumination of the diagnostic
indicator 23 or, if multiple different LEDs are provided with different colours, these can be
illuminated to indicate different diagnostic states.

Remote Control

As shown in Figure 1, the preferred lighting device 1 also includes one or more
communication transducers 25 that can receive signals from and transmit signals to
another device (not shown) that is remote from the lighting device 1. These external
signals may be used, for example, to control the operation of the lighting device 1, if
diagnostic testing or configuration by a remote operator is desired. The communication
transducer 25 may be, for example, an optical transducer (such as an infra-red
transducer) or an acoustic or an electromagnetic transducer (such as an RF transceiver)
which can communicate with the remote device using corresponding wireless signals.
The remote device can be a simple battery or otherwise powered hand held controiler
having a number of functional buttons (or the like) for allowing a user to input control
commands to the lighting device 1.

This remote control feature may be used, for example, to vary the brightness of the light
generated by the lighting device 1. This can be achieved, for example, by varying the
power (current and/or voltage) applied to the light source(s) 7. Alternatively, if the light
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source(s) 7 are arranged in different groups, with the light source(s) 7 in each group
being independently powered by the electronic circuitry 19, then the brightness can be
varied by varying the number of light source(s) 7 that are simultaneously powered. The
remote control feature could also be used to alter the fundamental operation of the
lighting device 1, e.g. disable frequency sensing for high demand power reduction and or

low demand charging, or parameters thereof.

The communication transducer 25 can also be used to communicate the status and/or
diagnostic information to the remote device. For example, the electronic circuitry 19 may
be arranged to monitor the charge status of the battery 17 and this remaining charge

status may be signalled to the remote device via the communication transducer 25.

The communication transducer 25 can also be used to receive user programming
information input via an external device for storage within a memory of the electronic
circuitry 19. This user programming could define, for example, emitter brightness when
operating with power supplied by the primary power supply and emitter brightness when
operating with power supplied by the battery; or the rate at which or manner in which self-
diagnostic tests and results are performed and signalled via the diagnostic indicator 23.
The remote control signal can also be used to turn the lighting device 1 on or off even
when there is no power failure or when the user operable switches 26 are open. This
function could be used, for example, in a building scenario where a central control station
instructs a plurality of lighting devices 1 within the building to switch off or to switch on at

a defined level of illumination for night time illumination purposes.

Load Determination

Electrical grid networks supplying alternating current from mechanical generators to
multiple loads typically suffer problems with supply and demand balancing when the
foading on the network changes. As the power requirements of these loads change, the
change in demand upon the generator(s) will result in a variance in rotational speed and
hence alternating current frequency, which results in a measurable lower than average
frequency during high loading periods (both short and prolonged intervais) and a higher

than average frequency during low [oading periods.
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Measuring the input frequency of the primary power signal (a variable which will have a
virtually constant instantaneous value regardless of the measurement point in the AC
power network 12, even for nationwide networks) provides an indication of the electrical
loading on the primary power supply network 12. Therefore, as will be explained in more
detail later, the electronic circuitry 19 measures the frequency of the primary power
signal and from this measurement determines if there is a high, normal or low loading on
the primary power supply network 12; and from this determines its operating mode.

Electronic Circuitry

Figure 3 is a block diagram illustrating the main components of the electronic circuitry 19
used in this preferred embodiment. As shown, the circuitry 19 includes a power supply
unit 31 that is connected to primary supply terminals 33 provided in the fitting 5, for
connection to the primary power supply circuit 12; and secondary supply terminals 34 for
connection to the positive and negative terminals of the battery 17. The electronic
circuitry 19 also includes a processor 35 that controls the operation of the electronic
circuitry 19; frequency sensing circuitry 37 which senses the frequency of the primary
power supply signal received at the primary supply terminals 33; impedance sensing
circuitry 38 which senses the impedance across the primary supply terminais 33; a
charging circuit 39 for charging the battery 17 via the terminals 34; a diagnostic module
41 for performing various diagnostic tests and for controlling the diagnostic indicator 23
via terminal 43; and a communications module 45 for communicating with remote

devices via the communication transducer 25 connected via terminal 47.

As shown in Figure 3, in this embodiment, the electronic circuitry 19 also includes two
output drivers 50-1 and 50-2 that are controlled by the processor 35 and that provide the
desired drive currents for driving the light sources 7 via output terminals 49 and 51. In
this embodiment, the light sources 7 are arranged in two groups, with the light sources 7
in each group being driven by a respective one of the output drivers 50. Thus, in this
embodiment, the processor 35 can switch on the light sources 7 in both groups at the
same time or the light sources 7 in either one of the groups by controlling the respective
output driver circuits 50. The processor 35 can also vary the brightness of the light
sources 7 in each group by setting a desired drive power for each output driver circuit 50.




10

15

20

25

30

-10 -

In the block diagram illustrated in Figure 3, the different modules are shown as being
separate modules from the processor 35. In practice, the functionality of many of the
modules shown in Figure 3 will be software modules run by the processor 35 or a mix of
software and hardware. The modules have been illustrated in the form shown in Figure 3
for ease of understanding the functions and operation of the different modules. A more

detailed description of the various modules will now be given.

Power Supply Unit

The power supply unit 31 is configured to transform the primary supply voltage, for
example by step-down transformer, switch mode power supply or other voltage reducing
and rectifying subsystem; and to provide power derived from the primary supply (or if
there is no primary supply at the supply terminals 33, to supply power from the battery 17
via terminals 34) to the processor 35 that controls the operation of the lighting device 1.
The power supply unit 31 provides electrical isolation and step-down voltage
transformation in order to provide an interface between the high voltage terminals 33 and
the low voltage modules of the electronic circuitry 19 — including the frequency sensing
circuitry 37. The power supply unit 31 also provides the power required for illuminating
the light sources 7.

Processor

In this embodiment, the processor 35 is at the heart of the electronic circuitry 19 and
controls the operation of all of the modules shown in Figure 3. The processor 35 may be
based on an ASIC device but is preferably a programmable processor (such as a PIC
microcontroller) having memory and software that defines its operation. Such software
controlled processors are easier to update with improved software or additional
functionality after installation.

Quitput Driver

The output drivers 50 are controlled by the processor 35 and generate the driving
currents (or voltages) required to drive the light sources 7. The output driver 50 used will
depend on the technology and configuration of the light source(s) 7 being driven. In this
embodiment, the light sources 7 are LEDs and the output drivers 50 can be commercially

available integrated circuit LED drivers having features such as efficient Pulse Width
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Modulation (PWM) current feedback driving of the LEDs, whether individually or in one or
more “strings”. Each output driver 50 is controlled (independently or as a single entity)
by the processor 35 and can generate a respective different drive current (or voltage) at
its output terminals 49/51. The output drivers 50 obtain their power for generating the

drive signals from supply voltages generated by the power supply unit 31.

Communications Module

The communications module 45 is operable to control communication between the
lighting device 1 and an external device. The communications module 45 is responsible
for performing any required modulation, demodulation, encoding and decoding of the
data to be transmitted to and received from the external device. For example, the
communications module 45 may transmit diagnostic data obtaihed from the diagnostic
module 41 to a remote device for remote monitoring of the operation of the lighting
device 1. Alternatively, user configuration data may be received by the communications
module 45 from a remote device and programmed into the processor 35. The data may
be received or transmitted by the communications module 45 using the communications
transducer 25 via the terminal 47. Alternatively, the communications module may
receive data from and/or transmit data to the external device using the primary supply
network 12 via the power supply terminals 33. in this case, the data signal is preferably
modulated onto a carrier signal at a higher frequency than that of the primary power
signal itself — so that the data signal can be isolated from the power signal.

Charging Circuit

In this embodiment the charging circuit 39 is provided to monitor the charge status of the
battery 17 and to re-charge the battery 17 when needed and when the lighting device is
in the charging operating mode. By monitoring the charge status of the battery 17, the
charging circuit 39 can ensure that the battery 17 is not overcharged. The charging
circuit 39 can also signal the present battery charge status to the diagnostic module 41
for historical recording and analysis and/or for output to the user for example via
communication module 45. [n this embodiment, the charging circuit 39 also manages
battery usage, so that the battery charge is not completely exhausted, which may
otherwise result in potential battery damage. Therefore, in this embodiment, the
charging circuit 39 signals the processor 35 to stop providing power from the battery to
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the output driver 50 when the battery charge falls below a defined lower threshold level.
The lower threshold level can also be defined to allow the lighting device 1 to emit light
using power from the battery 17 for a predetermined minimum time period as an
emergency lighting device when the primary power supply has been interrupted. Thus if
operating in the economy mode — where the light sources 7 are powered by the battery
17, the charging circuit 39 can cause the lighting device 1 to return to its normal
operating mode (so that the light sources 7 are powered from the primary power supply)
if it detects that the charge status of the battery 17 falls below a threshoid charge level.

Diagnostic Module

The diagnostic module 41 performs various diagnostic tests and presents the diagnostic
results to the user via the diagnostic indicator 23. The diagnostic results can also be
stored within a memory (not shown) of the processor 35 to maintain an historical record
of the operation of the lighting device 1. The diagnostic module 41 may interact with the
charging circuit 39 in order to obtain battery charge status information and with the
sensing circuitry 37/38, the communication module 45 and the output driver 50 to confirm
correct operation thereof. The diagnostic module 41 may also present any faults
detected within the device to the user via diagnostic indicator 23. The operation of the
diagnostic module 41 can be controlled by the user either via signals received using the
communication module 45 or other signals communicated, for example, over the primary

supply via terminals 33, or by the processor 35 as part of its execution.

Impedance Sensing Circuitry

The impedance sensing circuitry 38 is for sensing the impedance across the primary
supply terminals 33 via the power supply unit 31. In most installations, the lighting circuit
28 (in which the lighting device 1 will be installed) will include one or more manually
operable switches 26 for allowing the user to switch on and off the lighting device 1.
Therefore, the impedance sensing circuitry 38 is used to distinguish between the
situation where the primary power supply has been removed by the user opening a
switch 26 and the situation when there is a primary power supply failure and the
switch(es) remain closed. In particular, when there is a primary power supply failure and
the light switch 26 is switched on, the sensed impedance will be relatively low; whereas

when the user has switched off the light at a light switch 26, the sensed impedance will
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be relatively high. Thus, when the sensed impedance is high, the processor 35 does not
allow power to be supplied to the light sources 7 from the battery 17; and when the
sensed impedance is low and there is no primary power, it does allow power to be
supplied to the light sources 7 from the battery 17. The way in which this impedance
sensing can be performed is described in the applicant’s earlier patent GB 2447495 and
in co-pending GB patent application number GB 1105485.5.

Frequency Sensing Circuitry

As discussed above, the frequency sensing circuitry 37 is for sensing the frequency of
the power supply signal received at terminals 33. This primary power supply signal is
typically an AC signal having an RMS voltage in the range of 88 to 265 Volts and a
nominal frequency of 50 or 60 Hz depending on the geographic zone in which the lighting
circuit is located. Variations in this frequency due to loading on the primary power supply
network 12 can be as much as +-5%.

The way in which the frequency sensing circuitry 37 performs the frequency sensing in
this embodiment will now be described with reference to Figure 4, which shows the main
components of the frequency sensing circuitry 37. As shown in Figure 4, the frequency
sensing circuitry 37 has a reference frequency module 61 that outputs a value indicative
of the expected normal frequency of the primary power supply signal. In the UK this may
be a value corresponding to 50Hz and in the US this may be a value corresponding to
60Hz.

The frequency sensing circuitry 37 also includes a frequency measuring module 63 that
measures the frequency of the incoming power supply signal (or at least a suitably
voltage reduced version of it supplied by the PSU 31). There are various ways in which
the frequency measuring module 63 can measure or determine the frequency of the
primary power supply signal. For example, the frequency of the power supply signal can
be determined by the frequency measuring module 63 through counting the number of
times the power signal passes through a reference voltage (such as ground) in a defined
period of time. Alternatively, the input signal may be half wave rectified, then converted
into a pulse width modulated signal and the frequency determined by measuring the time
between the rising edges of the PWM signal. Alternatively, the input signal may be half
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wave rectified, then integrated to give a voltage whose magnitude depends on the
frequency of the input signal. Alternatively still module 63 may perform a frequency
analysis (using frequency transform methods) of the power supply signal to identify the
location on the frequency axis corresponding to the peak in the spectrum of the power

5 supply signal. More specifically, an FFT may be performed over a number of frequency
bins around the expected supply frequency and then the frequency bin having the largest
signal magnitude identifies the frequency of the power supply signal. As a further
alternative, the power supply signal may be passed through a bank of parallel band pass
filters — each having a different centre frequency and with the centre frequencies of the
10 filters spanning the range of frequencies that the power supply signal is expected to have
for the different loadings. The frequency of the power supply signal can then be
determined by identifying the filter with the largest output signal level. Various other
techniques could of course be used or employed by frequency measuring module 63 to
measure, quantify, compute, compare or otherwise analyse the frequency of the

15 incoming power supply signal.

The frequency determined by the frequency measuring module 63 is then compared with
the reference frequency output by the reference frequency module 61 using a
comparator 65 and the comparison results are passed to the processor 35 for analysis.

20 The comparator 48 may be a differential operational amplifier or other similar hardware
or software component. if the measured frequency is lower than the reference frequency
by a first threshold amount, then the processor 35 determines that there is a high loading
on the primary power supply network 12 and so enters the above described economy
operating mode. If the measured frequency is higher than the reference frequency by a

25 second threshold amount (which may be the same as, or different from, the first
threshold amount, to provide for hysteresis), then the processor 35 determines that there
is a low loading on the primary power supply network 12 and so enters the above
described charging operating mode. If the measured frequency is neither higher nor
lower than the reference frequency by these threshold amounts, then the processor 35

30 determines that there is a normal loading on the power supply network 12 and so enters
the above described normal operating mode. Depending on the determined frequency,
the processor 35 may also control the other devices forming part of the circuitry 19 — for
example switching on or off the impedance sensing circuitry 38.
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In this embodiment, the frequency measuring module 63 is arranged to determine the
frequency of the power supply signal on an intermittent basis, although it could be
determined continuously. The intermittent determination may be on a regular basis or on
an ad hoc basis. In this embodiment, the frequency measuring module 63 is arranged to
determine the frequency of the power supply signal once every second. If the processor
35 detects a change in the primary supply network loading, then the processor 35 may
instruct the frequency measuring module 63 to repeat the measurement without waiting
for the next measurement time, to make sure that the change is not due to measurement
error. Once a number of measurements have been made that confirm the changed
loading, the processor 35 changes the operating mode of the lighting device 1

accordingly.

As the actual supply voltage may not normally be 50Hz under normal loading conditions,
in this embodiment, the reference frequency module 61 is dynamically calibrated during
normal use by using a running average of the measured frequency determined by the
frequency measuring module 63. In this way, slowly varying changes of operating
frequency can be filtered out of the calculations. Such slow variations may arise, for
example, due to aging effects of the electronic circuitry 19. This self calibration also
allows the lighting device 1 to be able to automatically determine whether it is connected
to a nominal 50Hz mains circuit or to a 60Hz mains circuit and to set the appropriate

reference frequency value accordingly.

Additionally, in this embodiment, the processor 35 is also programmed to use the
measured frequency to determine if the lighting device 1 is actually being powered by a
mains power supply or if it is being powered by a local power generator — which will be
subject to greater frequency variations. In particular, if the lighting device 1 is being
powered by a 50Hz mains power supply signal, then it is very unlikely that the measured
frequency will be less than 47Hz or greater than 53Hz. Similarly, if the lighting device 1
is being powered by a 60Hz mains power supply signal, then it is very unlikely that the
measured frequency will be less than 57Hz or greater than 63Hz. Therefore, it the
processor 35 detects that the measured power supply frequency is lower than 47Hz,
higher than 63Hz or between 53Hz and 57Hz, then it determines that the lighting device
1 is not being powered by a mains power supply — and so operates in the normal
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operating mode regardless of the measured frequency. It then remains operating in this
mode until the processor 35 determines that the measured frequency stabilises within

the above ranges typical for a mains power supply signal.

Second Embodiment

Figure 5 illustrates a second embodiment in which electronic circuitry 19’ for determining
the loading on a primary supply network is provided within a device 131 that is located
remotely from the lighting device 1, but connected at some point to the same primary
supply network 12 to which the lighting device 1’ is connected. In this embodiment, the
remote device 131 comprises electronic circuitry 19’ that is coupled to the primary power
supply via terminals 33’ and optionally coupled to a battery 17’ via terminals 34’. The
electronic circuitry 19" includes the frequency sensing circuitry 37 described above and
operates to determine the frequency of the primary power supply signal received at
terminals 33’. The remote device 131 also includes a communication transducer 25’ that
is used to communicate with the communication transducer 25 mounted in the lighting
device 1’. In this embodiment, the lighting device 1° comprises a processor 135; lighting

arrays 11-1 and 11-2; a battery 17 and a communications transducer 25.

In this embodiment, the electronic circuitry 19’ is configured to measure the frequency of
a power signal at terminals 33’ in order to determine the loading on the primary power
supply network 12. The electronic circuitry 19’ is optionally powered by a battery 17’ to
allow the remote device 131 to continue functioning in the case of a failure in the primary
power supply coupled to terminals 33’ (which if detected may also be communicated to

the lighting device 1),

In this embodiment, the remote device 131 uses the communication transducer 25’ to
communicate a signal indicating the electrical loading on the primary supply network 12
to the lighting device 1’ via the communication transducer 25 forming part of the Iighting
device 1'. As before, the communication transducers 25 and 25' may be, for example,
optical transducers (such as infra-red transducers) or acoustic transducers or
electromagnetic transducers (such as RF transceivers) which can communicate with
each other using corresponding wireless signals. The communication transducer 25
provided in the lighting device 1’ passes the received signal indicating the loading on the
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primary power supply network 12 to the processor 135, which uses the received signal to
select the operating mode — either the normal operating mode, the economy operating
mode or the charging operating mode. The processor 135 may power the lighting arrays
11 using power drawn from the battery 17 when in the economy operating mode (or of
course during a power cut or a diagnostic testing routine).

In a slight modification to this embodiment, the remote device 131 may be arranged to
transmit the data signal indicative of the primary supply network loading over the primary
supply circuitry 28 via terminals 33’ (or indeed over some other wired connection). In this
case, the data signal is preferably transmitted on a carrier signal having a much higher
frequency than that of the primary power supply signal, so that the communications
module 45 forming part of the circuitry in the lighting device 1’ can isolate the data signal

from the primary power signal.

Third Embodiment

Figure 6 is a block diagram of electronic circuitry 19 that may be used in a lighting device
1 according to a simplified embodiment. In this simplified embodiment, the lighting
device 1 does not have a secondary power supply (e.g. battery 17). In this simplified
embodiment, the lighting device 1 is arranged either to measure the frequency of the
primary power supply signal received at terminals 33 using the frequency sensing
circuitry 37; or is arranged to receive a signal indicative of the external loading using the
communications module 45 which receives a signal via the primary supply connection or
from a communications transducer via terminal 47. To simplify the circuit further, the
frequency sensing circuitry 37 or the communications module 45 may be omitted if
desired.

In this embodiment, during economy mode, the processor 35 ensures the lighting device
1 draws no or reduced electrical power from the primary power supply, and thus the light
output of the light emitters will decrease.

Modifications and Alternatives
In the first embodiment described above, when it is determined that there is a high
loading on the primary power supply network, the power drawn from the primary power
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supply is minimised. In an alternative embodiment, the power drawn from the primary
power supply may simply be reduced and augmented, if desired and available, by power
drawn from the secondary power supply (for example if it is desired to maintain a
constant illumination power). Similarly, when it is determined that there is a low loading
on the primary supply network, more power may be drawn from the primary power supply
by increasing the number of light sources that are illuminated or by increasing the power
supplied to the light sources. In some embodiments, the charging process may not be
affected by the measured primary power supply loading — instead the variation in the
power drawn from the primary power supply may be achieved by varying the power
delivered to the light sources. Similarly, the power supplied to the light sources from the
primary power supply may not be affected by the measured primary power supply
loading — instead the variation in the power drawn from the primary power supply may be
achieved by varying the operation of the charging circuit.

In the first embodiment described above, a battery 17 was mounted within a cavity of a
heatsink used to extract heat from the light sources. As those skilled in the art will
appreciate, the mounting of the battery and the use of this particular heatsink is not
essential. The battery may be mounted in any convenient location (wholly or partially
external to the lighting device enclosure if desired) and the heatsink can have any
desired form or can be omitted entirely depending upon the light source technology and
its operational performance requirements.

In Figure 2, light holders 24 are depicted as being connected to the primary power supply
via user operable switches 26. Alternatively, the light holders 24 may be directly
connected to the primary power supply, i.e. not via user operable switches 26. In such
an embodiment the light holders 24 will have a permanent power connection, wherein
disconnection would only occur in the case of a fault with the primary power supply, for
example an event occurring within a current limiting protection device 22, such as a
blown fuse, or the failure of the primary power supply, for example a local distribution
system power cut. To provide user control over illumination in such an embodiment, the
lighting device 1 couid be arranged to receive a control signal from an external device
(using communications module 45) to control the turning on and off of the light sources
7. Alternatively, the lighting device may have a hardwired switch mounted within, on or
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near to the lighting device itself, which can be used to conirol the turning on and off of
the light sources 7. Turning the light sources on and off may also be controlled by a
proximity, ambient light or PIR sensor. Operationally, one advantage of having such a
permanent primary power supply (when available from grid or otherwise supply network)
is evident during occurrences of surplus grid power (as determined by the measured
frequency, external signals or otherwise), where charging of the battery may take place
regardless of whether or not the lighting device 1 is turned on by the user.

In the above embodiments, the light sources 7 that were used in the lighting device 1
were LEDs. As those skilled in the art will appreciate, the use of LEDs is preferred given
their ease of driving and low power consumption. However, the light sources 7 can be
formed from any lighting technology, such as compact fluorescent tubes, incandescent
lighting (such as halogen lighting) etc. Further, the LEDs were drive by two drive circuits
50. In an alternative embodiment, fewer or more drive circuits 50 may be provided.

In the above embodiments, a measure of the loading on the primary power supply
network was obtained by measuring the frequency of the primary power supply signal. In
an alternative embodiment, a measure of the loading may be determined by measuring

the voltage (whether peak or fluctuations thereof) of the primary power supply.

In the above embodiment, the lighting device took the form of a normal look-a-like light
bulb. However, the lighting device can also take other forms, such as the form of an

elongate tube similar to the common fluorescent “strip light” variety.

The reference frequency module 61 may use other means to provide a reference
frequency value. For example, the reference frequency value may be received from a
remote device using the communications module 45. Alternatively, the reference
frequency module 44 may generate its own reference frequency using an oscillator and
then determine (measure) the frequency of the signal thus generated. This would aflow
frequency measurement errors caused, for example, by changing operating
temperatures of the electronic circuitry 19, to be removed (as the same measurement
error will be present in the measured reference frequency and in the measured power

signal frequency, hence will be cancelled out due to the differencing operation of the
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comparator 65). In another embodiment, the processor 35 may be configured to perform
all or some of the functions of the reference frequency module 61, the frequency
measuring module 63 and the comparator 65 described above.

The processor 35 may directly control outputs such as the diagnostic indicator 53 and the
light emitters 7 without a light driver. Light emitters 7 may be powered using either
primary or secondary power from primary power supply through processor 35 or
secondary power source through battery 17, or optionally a combination of these
sources. Processor 35 may additionally control, by any method, through charging circuit
39 or otherwise, the replenishing of battery 17 or otherwise electrical storage devices
internal or external to the lighting device for purposes of providing the secondary power

source.

The battery 17 may be provided separately from and connected to the lighting device 1
via the battery terminals 34 of the power supply unit 31. In the above embodiment, the
lighting device 1 included a battery 17 for providing a backup or secondary power supply
in the event of mains failure. The cell or cells of the battery can be of any technology,
replaceable or non-replaceable and multiple batteries may be provided connected in
series and/or in parallel. Alternatively, instead of using one or more batteries 17, other
charge storage devices may be used 1o provide a secondary power supply, such as a
capacitor. However, batteries are preferred since they can provide secondary power
over a longer period of time. In one embodiment, the battery can be isolated from the
electronic circuitry 19 so that the lighting device can only operate in its normal mode of
operation. This may be done in response to a received user input or in response to
detecting a battery fault or a fault in another system component or other situations, such
as the first power-up of the lighting device when it is new out of the box, or if the lighting
device has not operated for some time (say a few months).

In all Figures, some connections are shown as a single line for simplified explanatory
purposes and may represent multiple electrical connections between system elements,
which may themselves be optionally otherwise connected to other system elements as
part of functionality requirements, such interfaces have been omitted from the diagrams

for clarity.
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In the embodiment described above, the lighting device included diagnostic and
communication circuitry. As those skilled in the art will appreciate, this circuitry is not
essential and could be omitted if desired. Additionally, one or more user switches or
inputs may be mounted on the lighting device. This user input can be used to cause the
lighting device to enter a given mode of operation or to enter user configurations or to

initiate a diagnostic or self-test or isolate/connect the battery to the electronic circuitry 19.

The invention described above can also be implemented in conventional emergency
lighting devices (which will not include, for example, the above described impedance
sensing circuitry but which do have an internal battery). Such conventional emergency
lights typically trickle charge their batteries all the time — and they usually have to provide
at least 3 hours of illumination in the event of a mains power failure. Therefore any
excess battery capacity could be used (to power the emergency light) during times of
high grid demand in the event that the light is a ‘maintained’ emergency light or lighting
system (always producing illumination) with optional battery charging above an arbitrary
capacity threshold only taking place during low demand grid conditions. If the light is a
‘non-maintained’ emergency light (only comes on during a power cut), then battery
charging may be prohibited during high grid demand.

In some of the above embodiments, the lighting device included a communications
module 45 that was able to communicate with external devices using a communication
transducer 25. In an alternative embodiment, the communications module 45 may be
arranged to communicate with the external devices by receiving and/or transmitting
signals over the lighting circuitry 28 in which the lighting device 1 is installed. Such
communication signals would be transmitted at a different frequency to the mains signal
in order that the communication signals can be separated from the mains signal. Instead
of or in addition to using the communication transducer 25, the electronic circuitry 19
could communicate with one or more remote devices by varying the light produced by the
light sources 7. For example switching them on and off in dependence upon the data to
be transmitted. A receiver in the remote device would recover the data by detecting the
variation in the light produced by the light source(s) 7. Regardless of the communication
technique employed, various different standard communication protocols could be used
for the communications between the lighting device and the remote device(s).
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In the above embodiments, the lighting device 1 had a pair of primary supply terminals
for connection to a primary supply, such as a mains supply circuit. In addition, another
(separate) pair of terminals may be provided on the lighting device for connecting the
lighting device to another power source. This other power source may be, for example,
5 from a renewable energy source such as a photovoltaic cell or a wind turbine or the like.
The power received from this additional AC or DC supply may be used to light the light
sources and/or to charge the battery 17 via optional additional power supply control and

management circuitry internal or external to the lighting device.
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Claims

1.
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2.

20 3.
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A lighting device comprising:
one or more light sources;
a primary input power connection; and
electronic circuitry for controlling delivery of power from the primary input
power connection to the one or more light sources;
wherein the electronic circuitry comprises:
means for determining an indication of an external electrical loading
on a primary power supply network coupled, in use, with the primary input power
connection; and
means for varying the power drawn from the primary input power
connection in dependence upon the determined indication of the external

electrical loading on the primary power supply network.

The lighting device of cfaim 1, wherein the determining means is arranged to receive
a signal from an external device indicative of the external electrical loading on the

primary power supply network.

The lighting device of claim 2, wherein the determining means is arranged to receive
said signal from the primary power supply network.

A lighting device according to claim 3, wherein the received signal is modulated onto
the power signal and wherein the determining means comprises a demodulator for
demodulating the received signal.

A lighting device according to any of claims 1 to 4, wherein the determining means is
arranged to determine a measurement of the frequency of a power signal received at
said primary input power connection.

A lighting device according to claim 5, wherein the electronic circuitry further
comprises:
means for providing at least one threshold value; and
means for comparing the threshold value to the measurement of the
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frequency of the power signal.

The lighting device according to any preceding claim, wherein the varying means is
arranged to decrease the power drawn from the primary input power connection when
the determining means determines that there is a high electrical loading on the primary

power supply network.

The lighting device according to claim 7, wherein the varying means is operable to
decrease the power drawn from the primary input power connection by inhibiting
operation of a charging circuit used to charge a secondary charge storage device
associated with the lighting device.

The lighting device according 1o claim 7 or 8, wherein the varying means is operable
to decrease the power drawn from the primary input power connection by reducing the
brightness of light generated by the one or more light sources.

The lighting device according to claim 7 or 8, wherein the lighting device is operable
to replace power drawn from the primary input power connection with power drawn

from a secondary power supply associated with the lighting device.

The lighting device according to claim 6 or 7, wherein the varying means is arranged
to increase the power drawn from the primary input power connection when the
determining means determines that there is a low electrical loading on the primary
power supply network.

The lighting device according to claim 11, wherein the varying means is operable to
increase the power drawn from the primary power supply by allowing operation of a
charging circuit used to charge a secondary charge storage device associated with the
lighting device.

The lighting device according to claim 11 or 12, wherein the varying means is
operable to increase the power drawn from the primary input power connection by
increasing the brightness of light generated by the one or more light sources.
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The lighting device according to claim 11 or 12, wherein the lighting device is
operable to replace or supplement power drawn from the primary input power
connection with power drawn from a secondary power supply associated with the
lighting device.

A lighting device according to any preceding claim, further comprising a secondary
power supply;
wherein the electronic circuitry is arranged to control delivery of power
from the secondary power supply to the one or more light sources; and
wherein the varying means is arranged to vary the power drawn from
the secondary power supply in dependence upon the determined indication of the
external electrical loading on the primary power supply network.

The lighting device of claim 15, wherein the electronic circuitry further comprises
means for determining a remaining charge of the secondary power supply; and
wherein the varying means is prevented from increasing power
drawn from the secondary power supply if the charge determining means
determines that the remaining charge of the secondary power supply is lower than
a first charge value.

A lighting device according to claim 15 or 16, wherein the electronic circuitry further
comprises means for measuring an external impedance coupled, in use, to the
primary input power connection and wherein the varying means is arranged to
control power drawn from the secondary power supply in dependence upon the
impedance measure.

The lighting device of claim 17, wherein the varying means is further configured to
increase the power drawn from the secondary power supply when the power signal
is not present at the primary input power connection and the impedance measure
is below a predetermined threshold value.

A lighting device according to claim 2 or 3, wherein the determining means is
arranged to communicate using one of optical signal transducer, an acoustic signal
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transducer or an electromagnetic wave signal transducer.
20. A lighting device according to any of claims 1 to 19, wherein one or more system
element are enclosed partially or wholly within a light bulb enclosure or similar

5 transparent or translucent housing.

21. A lighting device substantially as herein described or a shown in the

accompanying drawings.

10
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