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DRIVERS WITH SIMPLIFIED
CONNECTIVITY FOR CONTROLS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present application relates generally to drivers,
and more particularly to drivers with control modules that
allow multiple forms of control options.

[0002] Drivers are essentially regulators of power acting
between what they are driving and a power source. They
ensure that there are no significant fluctuations within either
the current or the voltage being delivered to that being
driven. One particularly important application of drivers
integrated with control modules 1s found 1n the LED lighting
industry. For instance, as incandescent including halogen
lightbulbs are now largely banned in regions of the world
such as Europe, the importance of LEDs, which will replace
them, vastly increases; therefore, the importance of how
LEDs are controlled using drivers and control modules also
increases. Improving the way in which control modules are
able to communicate with drivers encourages use of LEDs
by the lighting industry and provides an 1deal replacement to
conventional incandescent imncluding halogen lightbulbs as
they become prohibited.

[0003] Any small change 1n line voltage produces a large
change in current, thereby producing an undesirable large
change in the brightness of an LED. LEDs are, therefore,
best driven 1 a constant current topology, and drivers
function to protect LEDs against fluctuation in line-voltage
during operation. In addition, because LED electrical prop-
erties change with temperature fluctuations, the driver regu-
lates and maintains a constant amount of current. LEDs
require a driver that can convert mncoming AC power to a
more suitable DC power. Typically, a driver converts 120V

60 Hz AC power to a low-voltage DC power required by
LED:s.

[0004] The driver i1s integrated with a control module
which provides 1t with instructions to execute and drive, for
instance, the LED. Most LED drivers use either 0-10V
analog mput signals or digital signals compliant with DALI
standards to control the output current to the LED. Integra-
tion of wireless control into the driver 1s advantageous, but
for every wireless communication protocol and every pro-
vider’s unique firmware and soiftware interface—a unique
driver 1s required. Such a coupling of control modules
associated with umique drivers 1s both expensive to manu-
facture and complicated in design.

[0005] The present invention intends to address and/or
overcome the limitations discussed above by presenting new
designs and method not hitherto contemplated nor possible
by known constructions. More particularly, the mvention
intends to improve the communication between drivers and
control modules so that their expense to manufacture may be
reduced and their design may be simplified.

SUMMARY OF THE INVENTION

[0006] In an aspect of the present invention, there is
provided a system comprising a driver and a control module,
the control module capable of translating a received control
signal having a first control scheme into a driver control
signal having a predetermined second control scheme; and
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wherein the driver 1s configured for generating a driver
output based on the identity of the first control scheme and
the driver control signal.

[0007] In this application, a control scheme may be under-
stood as a control protocol such as a Wi-F1 provider or
Zigbee provider. Therefore, a first control scheme may be,
for instance, a Wi-F1 provider and the predetermined second
control scheme may be Pulse Width Modulated. Having a
“predetermined” second control scheme ensures that the
driver always receives a control scheme/protocol that it
recognizes and with which 1t 1s compatible irrespective of
the first control scheme. From this follows the capability of
the control module to translate (convert) the recerved control
signal from the Wi-F1 provider to the Pulse Width Modu-
lated control scheme (for the driver control signal). There-
fore, regardless of the identity of the first control scheme—
whether this be, for example, Wi-Fi provider A, Wi-Fi
provider B, Zigbee provider C, 0-10V provider D, or DALI
provider E—the driver will still be compatible and be able
to operate with this information and generate an appropriate
driver output based on the 1dentity of the first control scheme
and the driver control signal.

[0008] The main significance of the capability of the
control module to translate (convert) i1s that this makes
essentially the driver “universal™ in that it can function with
any control module receiving a control signal having a first
control scheme. Therefore, rather than matching every wire-
less communication protocol and every provider’s unique
firmware stack and software interface with a unique dniver
(as discussed above 1n the background art), a system formed
according to the present invention provides a driver that 1s
compatible with a variety of different control modules, since
the driver always receives a driver control signal having a
predetermined (1.e. common/uniform) second control
scheme. In this way, the number of drivers required 1n any
particular application can be significantly reduced. While a
control signal having a first control scheme/protocol (pro-
vider) will still be assigned an individual control module,
since 1t 1s much less expensive to manufacture control
modules than drivers—the overall manufacturing costs for
the system can be significantly reduced. In other words, the
SKU count of the drivers that need to be supported can be
significantly reduced, thereby saving substantial costs. In
this way, the size of the system may also be reduced (due to
reduced number of driver variants).

[0009] An additional reason and advantage for reducing
the number of drivers by utilizing the system of the present
invention 1s that 1t 1s much more diflicult and expensive to
achieve UL (Underwriters Laboratories) certification for a
driver than i1t 1s for a control module. It 1s well known that
UL LLC 1s a global satety consulting and certification
company which 1ssues a UL certification to a product
attesting that the product has met its stringent safety and
quality standards. Thus, by reducing the number of driver
variants, this reduces the overall time and cost associated
with obtaiming UL approval.

[0010] A further advantage of the system of the mnvention
1s that 1t provides the ability to upgrade the control scheme
(provider) without having to replace a driver, which would
otherwise be necessary with known constructions.

In the particular application of LEDs, for example, the
system 1s able to simplity the control of LEDs by removing
one of the three variants typically present—these are power
level, form factor, and control protocol. The system accord-
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ing to the invention relies on the control module being
capable of translating the received control protocol to a
predetermined protocol, thereby eliminating the “control
protocol” variant when controlling LEDs. This simplifica-
tion means that providers/manufacturers need only consider
the power level and form factor when deciding how to the
control LEDs using the system. Not only 1s time saved 1n this
manner, but costs are also reduced. For example, typical
configurations for LED drivers 1s shown 1n Table 1. It will
be appreciated that the combinations of three variants 1s
significantly greater than the combination of two variants,
resulting 1n six different driver variants. Therefore, the
climination of the “control protocol” variant when control-
ling LEDs means that providers/manufacturers/consumers
need only consider the power level and form factor when
deciding how to the control LEDs using the system of the
present invention. This results 1n only two driver variants.

TABLE 1

LED Driver Variants

Power Form Control
Level (W) Factor Protocol
30 W Brick 0-10 V
30 W Brick DAILI
30 W Brick DMX
75 W [inear 0-10 V
75 W [inear DAILI
75 W Linear DMX

[0011] The control module may comprise a micro control
unit for identifying the first control scheme. One way the
control module can 1dentify the first control scheme 1s for the
control module to comprise a micro control unit. This may
process the mformation it receirves from the control signal
and aid transmission of the driver control signal. A micro
control unit may be more cost effective and smaller 1n size
than a typical microprocessor.

[0012] The first control scheme may be different from the
predetermined second control scheme. For example, the first
control scheme may be a 0-10V control protocol and the
predetermined second control scheme may be a Zigbee
control protocol. Thus, the control module being capable of
translating (converting) a received control signal having the
0-10V control protocol into a driver control signal having
the Zigbee control protocol.

[0013] It may be that when the scheme of the received
control signal 1s the same as that of the driver control signal,
the control module 1s configured directly to transmit the
received control signal to the driver. Should the first control
scheme and predetermined second control scheme be the
same, for instance, translation (conversion) by the control
module 1s not necessary and the driver control signal may be
transmitted in the same form as i1t was received by the
control module.

[0014] The received control signal may be transmitted to
the control module from an external control device such as
for example a PC, tablet, phone, application, Bluetooth or
Wi-F1 wall switch, IoT enabled devices, or remote control.
Of course, 1t will be appreciated that there may be other
external control devices that are equally suitable and
equipped to transmit the control signal. The variety of
different external control devices that are able to transmit the
control signal to the control module lends versatility to the
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system according to the present invention. A feature of the
system 1s that regardless of the form of the control signal
being transmitted by an external control device (whether this
1s Wi-F1 or Bluetooth for example), the control signal having
a Wi-F1/Bluetooth control scheme can be translated 1nto a
driver control signal having a predetermined second control
scheme by the control module allowing 1t to communicate
cllectively with the drniver.

[0015] The driver may comprise firmware for generating
the driver output based on the identity of the first control
scheme and the driver control signal. The firmware may
comprise a lookup table. The lookup table may be operable
to generate the driver output by correlating the information
from the i1dentity of the first control scheme and the driver
control signal. The lookup table may be operable to correlate
the driver output with the received control signal. The
presence of firmware in the driver may enable 1t promptly to
generate the driver output based on the combination of the
information including the identity of the first control scheme
and the driver control signal.

[0016] The control module may be configured to 1dentity
the first control scheme from the voltage of the recerved
control signal. Such a configuration is eflective because the
voltage may be specific to a control protocol provider and
this information can eventually be used by the driver to
generate the driver output. The control module may be
configured to detect the first control scheme from the voltage
of the received control signal.

[0017] It may be that the voltage of the receirved control
signal has a voltage range, optionally the voltage range 1s
selected from 0.9-1.1V, 1.1-1.3V, or 1.3-1.5V. For example,
the voltage range 0.9-1.1V may denote Wi-Fi provider A,
and voltage range 0.9-1.1V may denote Zigbee provider C.

[0018] The dniver may comprise 2 to 6 channels. A benefit
of the driver having multiple channels is that i1t enhances 1ts
functionality and versatility—enabling it to drive more types
of devices. The channels may be independently controllable.
It may be that the channels are LED channels. In this way,
the system may be configured for dimming, white point
tuning or color tuning LEDs.

[0019] Typically, the drniver and control module may be
physically located on separate circuit boards (substrates). By
separating the driver and control module, the additional
circuitry normally present for the control module may be
moved to a separate circuit board thereby potentially
improving the reliability of the driver. This may particularly
be the case for a multi-channel driver involving more
circuitry. It may be that the driver and control module are
provided as part of a turn-key system which minimizes
physical space requirements and also provides an electrical
connection scheme between the driver and the control
module that 1s both inexpensive and robust.

[0020] The driver may comprise a micro control unit that
controls the behavior of the driver output by applying logical
processing based on the identity of the first control scheme
and the driver control signal. For instance, i the predeter-
mined second control scheme comprises 0-10V, the micro
control unit applies OV to a driver via the driver control
signal, the driver may turn off the output to what 1s being
controlled (an LED for example). Alternatively, i1 the micro
control unit applies 5V to a driver via the driver control
signal, the driver may set the output to 50% of the output
current of what 1s being controlled (an LED for example).
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[0021] The control module micro control unit may be
operable to communicate directly with the driver micro
control unit to control the driver output characteristics. Such
a configuration may improve the efliciency of the system due
to the direct communication between the respective micro
control units of the driver and the control module using their
native signals, for instance native digital signals.

[0022] The predetermined second control scheme may be
Pulse Width Modulated. More particularly, it may be a low
voltage, high frequency pulse width modulated (PWM)
control scheme. When using a PWM control scheme, a duty
cycle of 100% used to set the driver output to 1ts maximum
value; 1f duty cycle 1s 50% 1t might set the driver output to
50% of 1ts maximum value; and 1f duty cycle 1s 0% 1t can
switch off the driver output so that no current flows through
the LEDs. With further regard to LEDs, this may involve a
PWM dimming mput for the driver. PWM 1s particularly
cllective for multichannel drivers involving white point
tuning or full color tuning, and also wireless control. Since
the majority of existing/future control modules are/will be
wireless, PWM advantageously lends itself to this technol-
ogy. Further, since PWM signals may be read on digital
GPIO (General Purpose Input Output) pins, they may be
reassigned to perform other functions such as sensor com-
munication, data transmission (IoT Ready power metering),
communication devices including a smoke detector or fire
alarm for example. The number of PWM signals may be
from one to five, for example, to support multi-channel
applications from simple dimming, two-channel white point
tuning, and Red, Green, Blue, Warm White and Cool White

full color tuning.

[0023] The predetermined second control scheme may be
selected from 0-10V, DALI Wi-Fi, Zigbee, Thread, DMX
512, and Bluetooth. Of course, other predetermined control
schemes may be selected which are equally effective 1n the
system defined herein.

[0024] The driver output may be a constant current. This
may be particularly beneficial in LED lighting applications.

[0025] The driver and the control module may be electr-
cally connected by wires. An electrical connection by wires
may provide a more robust and reliable connection.

[0026] In the application of LEDs 1n particular, as the
number of electrical connections grow as the number of
LED channels, for example, 1s increased in order to imple-
ment features such as white point or full color tuning, this
additional wiring 1ncreases the risk of incorrectly wiring the
system during fabrication of such a lighting fixture. It 1s also
possible that a connection of this type may fail during
transportation or installation of such a lighting fixture. To
prevent damage or failure of the lighting fixture, 1ts com-
ponents or surroundings, a CATS5 Cable may be utilized
which normally comprises eight wires which i1s generally
suflicient to carry power to the control module and multiple
signals (such as PWM) for white point or color tuning. The
driver and the control module may be electrically connected
by wires comprising a CATS Cable. The CATS cable may be
plenum rated for use in istallation of lighting fixtures in
plenums of building spaces.

[0027] The driver and the control module may be electr-
cally connected by wires comprising a keyed and/or locked
connector such as for example a RJI45 Connector. The wires
may be cables terminated with RJ45 Connectors. To prevent
damage or failure of the lighting fixture, 1ts components or
surroundings, a RJ45 Connector may be utilized which
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normally comprises eight pathways which 1s generally sui-
ficient to carry power to the control module and multiple
signals (such as PWM) for white point or color tuning. The
RJ45 Connector may be installed in one orientation and
locks 1nto place within a receptacle of the control module or
driver, thereby providing a robust and reliable connection
between the control module and the driver. The RI45
Connector may carry auxiliary power to power external
devices. Further, the RJ45 Connector/interface may be split
up at one end thereof to attach multiple devices to a single
driver.

[0028] The control module may comprise firmware for
translating the received control signal having a first control
scheme 1nto a driver control signal having a predetermined
second control scheme. In this way, the firmware may
ciiciently translate/convert the signal.

[0029] The control module may comprise firmware for
identifving the first control scheme. Once established by the
firmware, the identity of the first control scheme may be
made available to the driver.

[0030] The system described herein may be used in con-
trolling LEDs. The system 1s particularly useful 1n control-
ling LEDs, and particularly by use of a PWM 1nput to the
driver.

[0031] The system described herein may be used 1n white
point tuning or color tuning of LEDs.

[0032] In another aspect of the present invention, there 1s
encompassed a system comprising a driver and a control
module, the control module capable of translating a recerved
control signal having a first control scheme into a pulse
width modulated driver control signal, and configured to
transmit the pulse width modulated driver control signal and
the 1dentity of the first control scheme to the driver; and
wherein the driver i1s configured for generating a driver
output based on the i1dentity of the first control scheme and
the pulse width modulated driver control signal.

[0033] In a further aspect of the present invention, there 1s
envisaged a control module capable of translating a received
control signal having a first control scheme into a pulse
width modulated driver control signal, and configured to
transmit the pulse width modulated driver control signal and
the 1dentity of the first control scheme to a driver.

[0034] In another aspect of the present invention, there 1s
contemplated a driver configured for receiving a pulse width
modulated driver control signal translated from a control
signal having a first control scheme; and configured for
generating a driver output based on the i1dentity of the first
control scheme and the pulse width modulated driver control
signal.

[0035] In a further aspect, the present invention envisages
a system comprising a driver and a control module, the
control module capable of translating a received control
signal having a first control scheme 1nto a plurality of pulse
width modulated driver control signals, and configured to
transmit the plurality of pulse width modulated driver con-
trol signals and the 1dentity of the first control scheme to the
driver; and wherein the driver 1s configured for generating a
plurality of driver outputs based on the i1dentity of the first
control scheme and the plurality of pulse width modulated
driver control signals.

[0036] In another aspect, the present invention encom-
passes a control module capable of translating a receirved
control signal having a first control scheme 1nto a plurality
of pulse width modulated driver control signals, and con-
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figured to transmit the plurality of pulse width modulated
driver control signals and the identity of the first control
scheme to a driver.

[0037] In another aspect, the present invention contem-
plates a drniver configured for receiving a plurality of pulse
width modulated driver control signals translated from a
control signal having a first control scheme; and configured
for generating a plurality of driver outputs based on the
identity of the first control scheme and the plurality of pulse
width modulated driver control signals.

[0038] In a further aspect of the present invention, there 1s
provided a method of controlling an LED system, the
method comprising the steps of: providing a control module
and LED dniver, the control module being capable of trans-
lating a received control signal having a first control scheme
into a pulse width modulated driver control signal, trans-
mitting the pulse width modulated driver control signal and
the 1dentity of the first control scheme to the LED driver; and
generating an LED driver output based on the identity of the
first control scheme and the pulse width modulated driver
control signal.

[0039] In another aspect of the present invention, there 1s
encompassed a method of controlling a multi-channel LED
system, the method comprising the steps of: providing a
control module and LED driver, the control module being
capable of translating a recerved control signal having a first
control scheme into a plurality of pulse width modulated
driver control signals, transmitting the plurality of pulse
width modulated driver control signals and the i1dentity of
the first control scheme to the LED dniver; and generating a
plurality of LED driver outputs based on the 1dentity of the
first control scheme and the plurality of pulse width modu-
lated driver control signals.

[0040] In a further aspect, the present invention provides
a system comprising a control module, the control module
comprising: an mput for recerving a control signal including
a first control scheme; a processor capable of translating the
control signal into a driver control signal having a prede-
termined second control protocol scheme; and an output for
sending the driver control signal to a driver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] These and other aspects and features of the present
invention will become apparent to those ordinarily skilled 1n
the art upon review of the following description of specific
embodiments of the mmvention 1n conjunction with the
accompanying figures, wherein:

[0042] FIG. 1 1s a block diagram of a wirelessly control-

lable LED module comprising a single channel system
according to an embodiment of the invention;

[0043] FIG. 2 1s a block diagram of a single channel LED
driver:;
[0044] FIG. 3 1s a block diagram of a wirelessly control-

lable LED module comprising a two-channel system accord-
ing to another embodiment of the mvention;

[0045] FIG. 4 1s a block diagram of a multi-channel LED
driver:;
[0046] FIG. 5 1s an exemplary method of operation of a

system formed 1n accordance with an embodiment of the
invention;

[0047] FIG. 6 1s an exemplary method of operation of a
system formed in accordance with another embodiment of
the invention; and
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[0048] FIG. 7 1s an exemplary method of operation of a
system formed in accordance with another embodiment of
the 1nvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0049] Embodiments of the present invention will now be
described 1n detail with reference to the drawings, which are
provided as illustrative examples of the imvention so as to
cnable those skilled in the art to practice the invention.
Notably, the figures and examples below are not meant to
limit the scope of the present invention to a single embodi-
ment, but other embodiments are possible by way of inter-
change of some or all of the described or illustrated ele-
ments. Moreover, where certain elements of the present
invention can be partially or fully implemented using known
components, only those portions of such known components
that are necessary for an understanding of the present
invention will be described, and detailed descriptions of
other portions of such known components will be omitted so
as not to obscure the invention. In the present specification,
an embodiment showing a singular component should not be
considered limiting; rather, the imvention 1s intended to
encompass other embodiments including a plurality of the
same component, and vice-versa, unless explicitly stated
otherwise herein. Moreover, applicants do not intend for any
term 1n the specification or claims to be ascribed an uncom-
mon or special meaning unless explicitly set forth as such.
Further, the present invention encompasses present and
future known equivalents to the known components referred
to herein by way of illustration. Throughout this specifica-
tion like reference numerals are used to denote like parts.
[0050] Referring to FIG. 1, there 1s shown a block diagram
of a wirelessly controllable lighting module comprising a
single-channel system 10 according to an embodiment of the
invention. The brightness (dimming level) of light generated
by the lighting module comprising a system 10 can be
wirelessly controlled 1n response to a wireless control signal
12 having a Wi-F1 control scheme received from a remote
control device 14. The remote control device 14 device can
comprise a dedicated controller such as a handset or may be
a cell phone or Wi-F1 enabled device.

[0051] The system 10 comprises a control module 16 and
a single channel LED driver 20. The system 10 1s used to
adjust the power level/dim an LED array 18 comprising a
plurality, x, of LEDs designated A, . . . A_that generate light
of a given color/color temperature. The LED driver 20
operates (drives) the LEDs A, . . . A_As indicated 1n FIG.
1 the plurality of LEDs can be serially connected, though it
will be appreciated that they can be connected i other
configurations.

[0052] The control module 16 comprises an antenna 26 for
receiving the wireless control signal 12 having a Wi-Fi
control scheme from the remote control device 14; a trans-
ceiver 28; and controller logic 30 for generating a control
signal (including A, and A_ ) for operating the LED driver
20 1n response to the received control signal 12. In this
embodiment, the driver control signal has a predetermined
control scheme comprising PWM. Therefore, the control
module 16 i1s capable of translating the received control
signal 12 having a Wi-Fi control scheme into the driver
control signal having the predetermined PWM control
scheme. The controller logic 30 comprises a provider’s
firmware/solftware and outputs a driver control signal having
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two parts A, and A_ , that are input directly to the LED driver
20. For nstance, A, may be the 1dentity of the Wi-F1 control
scheme, while A, may be the power level associated with
the predetermined PWM control scheme.

[0053] The LED driver 20 1s configured for generating a
driver output (constant-current) I, based on the 1dentity of
the Wi-F1 control scheme and the driver control signal. The
operation of the LED dniver 20 1s further described with
reference to FIG. 2.

[0054] FIG. 2 shows a block/circuit diagram of the LED
driver 20 of FIG. 1. The LED driver 20 can be considered
a “linear” driver (linear power regulator). In this specifica-
tion, a “linear” power regulator/driver 1s defined as a power
regulator that operates 1n a current control mode and pro-
duces a driver output I, (constant-current output). A linear
regulator 1s to be contrasted with a “switching” regulator
that operates 1n a constant power control mode (e.g. a switch
mode power supply) that produces a switched (modulated)
output current.

[0055] The LED driver 20 receives the driver control

signal having two parts A; and A, from the control module
16. As indicated 1n FIG. 2, the driver control signal A, can
be a separate analog control signal having a value of
between O and 10V. The LED dniver 20 comprises a micro
control unit 20a for identifying the Wi-F1 control scheme.
More particularly, the LED driver 20 1s configured to
identify the Wi-Fi control scheme from the voltage of the
driver control signal A, wherein the voltage of the driver

control signal A, has a voltage range selected from 0.9-1.1V,
1.1-1.3V, 1.3-1.5V . .. 98-10V.

[0056] The LED driver 20 comprises firmware 205 in the
form of a lookup table. The lookup table i1s operable to
generate the driver output 1, by correlating the information
from the identity of the Wi-F1 control scheme A, and the
driver control signal A_ . In this way, the micro control unit
20a and the firmware 206 in the form of a lookup table
control the behavior of the driver output I, by applying
logical processing based on the identity of the Wi-F1 control
scheme A, and the duty cycle of the driver control signal
A, 4

[0057] The LED driver 20 also comprises a MOSFET 40.
The LED driver 20 applies a voltage to the gate, G, of the
MOSFET 40 to set the constant—current driver output I,
passing through the MOSFET and LEDs A, to A_ to an
appropriate value. For example, if the duty cycle of A, 1s
100% the control logic will set the constant-current driver
output I, to 1ts maximum value, 1f duty cycle of A_ , 1s 50%
it might set the constant current-current driver output I, to
50% of 1ts maximum value and if duty cycle of A, 15 0%
it will switch off the MOSFET 40 so that no current flows
through the LEDs A, to A _. The maximum value of the
constant-current driver output 1 , that the LED driver 20 can
generate can be set by a resistor 42 connected between

ground and the source, S, of the MOSFET 40.

[0058] In a particular embodiment (not shown), the LED
driver 20 and the control module 16 are electrically con-
nected by wires comprising a CATS Cable and/or an RJ45
Connector. Moreover, the RJ45 Connector 1s keyed and/or

locked.

[0059] Referring now to FIG. 3, there 1s shown a block

diagram of a wirelessly controllable lighting module com-
prising a multi-channel (2-channel) system 310 according to
another embodiment of the invention.
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[0060] The color/color temperature and/or brightness
(dimming level) of light generated by the system 310 can be
wirelessly controlled 1n response to a wireless control signal
312 having a Bluetooth control scheme received from, for
example, a remote wall switch 14.

[0061] The system 310 comprises a control module 16; a
two-color LED array 318 comprising a plurality, x, of first
LEDs designated A, . . . A, that generate light of a first
color/color temperature and a plurality, y, of second LEDs
designated B, . . . B, that generate light of a second

color/color temperature; and a multi-channel (2-channel)
LED dniver 320 for operating (driving) the first LEDs A, . .

.A_and the second LEDs B, ... B_. As indicated 1n FIG. 3,
the plurality of first and second LEDs can be serially
connected, though 1t will be appreciated that they can be
connected 1n other configurations.

[0062] The control module 316 comprises an antenna 326
for receiving the wireless control signal 312 having a
Bluetooth control scheme from the wall switch 314; a
transceiver 328; and controller logic 330 for generating a
control signal (including A3, A_ ;3 and A_z,) for operating
the LED driver 320 1n response to the received control signal
312. In this embodiment, the driver control signal has a
predetermined DALI control scheme. Therelore, the control
module 316 1s capable of translating the received control
signal 312 having a Bluetooth control scheme 1nto the driver
control signal having the predetermined DALI control
scheme. The controller logic 330 comprises a provider’s
firmware/soltware and outputs a driver control signal having
three parts A3, A ,; and A5 that are input directly to the
LED dniver 320. For instance, A ,; may be the identity of the
Bluetooth control scheme, while A . may be the first
channel power level associated with the predetermined
DALI control scheme and A 5 may be the second channel
power level associated with the predetermined DALI control
scheme.

[0063] The LED driver 320 1s configured for generating a
driver outputs I, and 1., for controlling first LEDs A, . ..
A _and second LEDs B, . .. B, _respectively, based on the
identity of the Bluetooth control scheme and the dniver
control signal. The operation of the LED drniver 320 1is

further described with reterence to FIG. 4.

[0064] FIG. 4 shows a block/circuit diagram of the multi-
channel (2-channel) LED driver 320 of FIG. 3. The LED
driver 320 receives the driver control signal having three
parts Az, A 55 and A 5. from the control module 316. As
indicated in FIG. 4, the driver control signal A.; can be an
analog control signal having a value of between 0 and 10V.
The LED driver 320 comprises a micro control unit 320a for
identifying the Bluetooth control scheme. More particularly,
the LED driver 320 1s configured to identily the Bluetooth
control scheme from the voltage of the driver control signal
A ., wherein the voltage of the driver control signal A ; has

a voltage range selected from 0.9-1.1V, 1.1-1.3V, 1.3-1.5V
... 9.8-10V.

[0065] The LED dniver 320 comprises firmware 32056 1n
the form of a lookup table. The lookup table i1s operable to

generate the driver outputs (constant currents) 1, and I; by
correlating the information from the identity of the Blu-
etooth control scheme A,; and the driver control signals A 5
and A ;5. In this way, the micro control umt 320q and the
firmware 3206 1n the form of a lookup table control the
behavior of the driver outputs 1, and Is by applying logical
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processing based on the identity of the Bluetooth control
scheme A;; and the driver control signal A ;.

[0066] The LED driver 320 also comprises MOSFETS
340a and 34056. The LED driver 320 applies a voltage to the
gate, G, of the MOSFET 340q to set the constant—current
driver output 1, passing through the MOSFET and first
LEDs A, ... A_to an appropriate value. Similarly, the LED
driver 320 applies a voltage to the gate, G, of the MOSFET
3406 to set the constant—current driver output Is passing
through the MOSFET and second LEDs B, . .. B_to an
appropriate value. The maximum value of the constant-
current driver output I, that the driver 320 can generate can

be set by a resistor 342 connected between ground and the
source, S, of the MOSFETS 340a, 3405.

[0067] The first LEDs A, ... A_and second LEDs B, ..
. B, can generate white light of different CCTs (Correlated
Color Temperature). Such an arrangement enables light
generated by the LED module to be controlled between the
two color temperatures and color temperatures therebe-
tween. For example, the first LEDs may generate Cool
White (CW) light, and the second LEDs may generate Warm
White (WW) light enabling control of light generated by the
LED module between WW and CW and color temperatures
therebetween. In this patent specification, Cool White 1s
defined as white light having a CCT (Correlated Color
Temperature) of between about 4500K to about 6000K and
Warm White 1s defined as white light having a CCT of
between about 2700K to about 4000K. More particularly,
the first LEDs can generate Cool White light having a color
temperature of S000K to 5300K and the second LEDs
generate Warm Whate light having a color temperature of

2700K to 3000K.

[0068] FIG. 5 shows an exemplary method of operation of
a system formed in accordance with an embodiment of the
invention. In FIG. 5, an External Control Device transmits
a control signal having a first control scheme at S510. The
External Control Device may be selected from a PC, tablet,
phone, application, Bluetooth or Wi-Fi1 wall switch, IoT
enabled devices, or remote control, for example. The first
control scheme may be a control protocol selected from

Pulse Width Modulated, 0-10V, DALI, Wi-Fi, Zigbee,
Thread, DMX 512, or Bluetooth, for example.

[0069] At S520, a Control Module of the system receives

the control signal having a first control scheme from the
External Control Device.

[0070] At S530, the Control Module establishes whether
the first control scheme 1s different from a predetermined
second control scheme? The predetermined second control
scheme may be a control protocol selected from Pulse Width
Modulated, 0-10V, DALI, Wi-F1, Zigbee, Thread, DMX
512, or Bluetooth, for example. Having a “predetermined”
second control scheme ensures that the Driver always
receives a control scheme/protocol that 1t recognizes and
with which 1t 1s compatible.

[0071] From this follows the capability of the Control
Module to translate (convert) the recerved control signal
from the first control scheme to the predetermined second
control scheme (for the Driver control signal). Therefore,
regardless of the identity of the first control scheme—the
driver will still be compatible and be able to operate with
this information and generate a driver output based on the
identity of the first control scheme and the driver control
signal. For instance, 1f the Control Module establishes that
the first control scheme 1s different from the predetermined
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second control scheme at S540, the Control Module trans-
lates the received control signal having a first control
scheme 1nto a driver control signal having a predetermined
second control scheme at S560.

[0072] The main significance of the capability of the
Control Module to translate (convert) 1s that 1t makes
essentially the driver “universal” in that it can function with
any Control Module recerving a control signal having a first
control scheme that may be different from the predetermined
control scheme. Therefore, rather than matching every wire-
less communication protocol and every provider’s unique
firmware stack and software interface with a compatible
(unique) driver, a system formed according to the present
invention provides a Driver that 1s compatible with a variety
of different Control Modules, since the driver always
receives a driver control signal having a predetermined (1.¢.
common/uniform) second control scheme. In this way, the
number of Drivers required can be significantly reduced.
While a control signal having a first control scheme/protocol
(provider) will still be assigned an 1ndividual Control Mod-
ule, since 1t 1s much less expensive to manufacture control
modules than Drivers—the overall manufacturing costs for
the system can be significantly reduced. In other words, the
SKU count of the Drivers that need to be supported can be
significantly reduced, thereby saving substantial costs. In
this way, the size of the system may also be reduced (due to
reduced number of Driver variants).

[0073] Conversely, for instance, 1 the Control Module
establishes that the first control scheme 1s the same as the
predetermined second control scheme at S350, the Control
Module need not translate the received control signal having
a first control scheme into a driver control signal having a
predetermined second control scheme at S570, since 1t 1s
already 1n the predetermined format.

[0074] Therefore, regardless of whether or not translation
has taken place, the Control Module 1s able to transmit a
driver control signal 1n the form of the predetermined second
control scheme. At S580, the Drniver of the system receives
the dniver control signal having the predetermined second
control scheme from the Control Module.

[0075] Based on the information the Driver receives from
the Control Module, at S590, the Driver 1s configured for
generating a driver output based on the identity of the first
control scheme and the driver control signal. This allows the
system to have utility 1n applications such as the control and
operation of LEDs, fluorescent lamps which have very
dynamic electrical resistance and are optimally operated
within a short range of currents, shielded metal arc welding,
and gas tungsten arc welding, which typically require a
constant current power supply, for example.

[0076] Referring now to FIG. 6, there 1s shown an exem-
plary method of operation of a system formed in accordance
with an embodiment of the invention. In FIG. 6, a Wall

Switch transmits a control signal having a Wi-F1 control
scheme at S610.

[0077] At S620, a Control Module of the system receives
the control signal having a Wi-Fi control scheme from the
Wall Switch.

[0078] At S630, the Control Module establishes whether

the Wi-Fi1 control scheme 1s diflerent from a predetermined
second control scheme? In this embodiment, the predeter-
mined second control scheme 1s a Pulse Width Modulated
control scheme. Having a “predetermined” second control
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scheme ensures that the Driver always receives a control
scheme/protocol that it recognizes and with which 1t 1s
compatible.

[0079] From this follows the capability of the Control
Module to translate (convert) the received control signal
from the Wi-F1 control scheme to the Pulse Width Modu-
lated control scheme (for the Driver control signal). There-
tore, regardless of the 1dentity of the first control scheme—
the driver will still be compatible and be able to operate with
this information and generate a driver output based on the
identity of the Wi-F1 control scheme and the driver control
signal. Therefore, 1n this embodiment, the Control Module
establishes that the Wi-F1 control scheme 1s different from
the Pulse Width Modulated control scheme at S640; thus, the
Control Module translates the received control signal having
a Wi-F1 control scheme 1nto a driver control signal having a

Pulse Width Modulated control scheme at S660.

[0080] The main significance of the capability of the
Control Module to translate (convert) 1s that 1t makes the
driver “universal” 1n that it can function with any Control
Module receiving a control signal having a Pulse Width
Modulated control scheme, for example. Therefore, rather
than matching every wireless communication protocol and
every provider’s unique firmware stack and soiftware inter-
face with a unique driver, a system formed according to the
present mvention provides a Driver that 1s compatible with
a variety of different Control Modules, since the driver
always recerves a driver control signal having a predeter-
mined (1.e. common/uniform) Pulse Width Modulated con-
trol scheme, for example. In this way, the number of Drivers
required 1n any particular application can be significantly
reduced. While a control signal having a Wi-Fi1 control
scheme/protocol (provider) will still be assigned an indi-
vidual Control Module, since 1t 1s much less expensive to
manufacture control modules than Drivers—the overall
manufacturing costs for the system can be significantly
reduced. In other words, the SKU count of the Drivers that
need to be supported can be significantly reduced, thereby
saving substantial costs. In this way, the size of the system
may also be reduced (due to reduced number of Driver
variants).

[0081] Therefore, regardless of whether or not translation
has taken place, the Control Module 1s able to transmit a
driver control signal in the form of the Pulse Width Modu-
lated control scheme. At S680, the Driver of the system
receives the driver control signal having the Pulse Width
Modulated control scheme from the Control Module.

[0082] Based on the information the Driver receives from
the Control Module, at S690, the Driver 1s configured for
generating a driver output based on the 1dentity of the Wi-Fi
control scheme and the driver control signal. In this embodi-
ment, the system controls the emission characteristics of

LED:s.

[0083] Referring now to FIG. 7, there 1s shown an exem-
plary method of operation of a system formed in accordance
with an embodiment of the invention. In FIG. 7, a Remote
Control transmits a control signal having a DALI control

scheme at S710.

[0084] At S720, a Control Module of the system receives
the control signal having a DALI control scheme from the
Remote Control.

[0085] At S730, the Control Module establishes whether
the DALI control scheme 1s different from a predetermined
second control scheme? In this embodiment, the predeter-
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mined second control scheme 1s also a DALI control
scheme. Having a “predetermined” second control scheme
ensures that the Driver always receirves a control scheme/
protocol that 1t recognizes and with which 1t 1s compatible.
[0086] Therefore, 1n this embodiment, the Control Module
establishes that the Wi-Fi control scheme 1s the same as the
predetermined second (DALI) control scheme at S750; thus,
the Control Module need not translate the received control
signal having a DALI control scheme 1nto a driver control
signal having a predetermined DALI control scheme at
S770, since 1t 1s already 1n the predetermined format.
[0087] The main significance of the capability of the
Control Module to translate (convert) 1s that 1t makes
essentially the driver “universal” in that it can function with
any Control Module receiving a control signal having a
DALI control scheme, for example. Therefore, rather than
matching every wireless communication protocol and every
provider’s unique firmware stack and software interface
with a unique driver, a system formed according to the
present invention provides a Driver that 1s compatible with
a variety of different Control Modules, since the driver
always receives a driver control signal having a predeter-
mined (1.e. common/uniform) DALI control scheme, for
example. In this way, the number of Drivers required in any
particular application can be significantly reduced. While a
control signal having a DALI control scheme/protocol (pro-
vider) will still be assigned an individual Control Module,
since 1t 1s much less expensive to manufacture control
modules than Drivers—the overall manufacturing costs for
the system can be significantly reduced. In other words, the
SKU count of the Drivers that need to be supported can be
significantly reduced, thereby saving substantial costs. In
this way, the size of the system may also be reduced (due to
reduced number of Driver variants).

[0088] Therefore, regardless of whether or not translation
has taken place, the Control Module is able to transmit a
driver control signal in the form of the DALI control
scheme. At S780, the Driver of the system receives the
driver control signal having the DALI control scheme from
the Control Module.

[0089] Based on the information the Driver receives from
the Control Module, at §790, the Driver 1s configured for
generating a driver output based on the identity of the DALI
control scheme and the driver control signal.

1. A system comprising a driver and a control module,

the control module capable of translating a received
control signal having a first control scheme 1nto a driver
control signal having a predetermined second control
scheme; and

wherein the driver 1s configured for generating a driver

output based on the i1dentity of the first control scheme
and the driver control signal.

2. The system of claim 1, wheremn the control module
comprises a micro control umt for identifying the first
control scheme.

3. The system of claim 1, wherein the first control scheme
1s different from the predetermined second control scheme.

4. The system of claim 1, wherein, when the scheme of the
received control signal 1s the same as that of the driver
control signal, the control module 1s configured directly to
transmit the received control signal to the driver.

5. The system of claim 1, wherein the received control
signal 1s transmitted to the control module from an external
control device selected from the group consisting of a PC,
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tablet, phone, application, Bluetooth or Wi-F1 wall switch,
[oT enabled devices, and remote control.

6. The system of claim 1, wherein the driver comprises
firmware for generating the driver output based on the
identity of the first control scheme and the drniver control
signal.

7. The system of claim 6, wherein the firmware comprises
a lookup table.

8-14. (canceled)

15. The system of claim 1, wherein the driver and control
module are physically located on separate circuit boards.

16-17. (canceled)

18. The system of claim 1, wherein the predetermined
second control scheme 1s Pulse Width Modulated.

19. The system of claam 1, wherein the predetermined
second control scheme 1s selected from 0-10V, DALI, Wi-Fi,
Zigbee, Thread, DMX 512, and Bluetooth.

20-21. (canceled)

22. The system of claim 1, wherein the driver and the

control module are electrically connected by wires compris-
ing a CATS Cable.

23. The system of claim 22, wherein the driver and the
control module are electrically connected by wires compris-
ing a RJ45 Connector.

24. (canceled)

25. The system of claim 1, wherein the control module
comprises lirmware for translating the received control
signal having a first control scheme into a driver control
signal having a predetermined second control scheme.

26. The system of claim 1, wherein the control module
comprises firmware for identitying the first control scheme.

27-28. (canceled)
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29. A system comprising a driver and a control module,
the control module capable of translating a received
control signal having a first control scheme 1nto a pulse
width modulated driver control signal, and configured
to transmit the pulse width modulated driver control
signal and the 1dentity of the first control scheme to the
driver; and
wherein the driver 1s configured for generating a driver
output based on the i1dentity of the first control scheme
and the pulse width modulated driver control signal.
30-34. (canceled)
35. A method of controlling an LED system, the method
comprising the steps of:
providing a control module and LED driver,
the control module being capable of translating a received
control signal having a first control scheme 1nto a pulse
width modulated driver control signal,
transmitting the pulse width modulated driver control
signal and the identity of the first control scheme to the
LED driver; and
generating an LED driver output based on the identity of
the first control scheme and the pulse width modulated

driver control signal.
36. (canceled)
37. A system comprising a control module,

the control module comprising:

an 1nput for recerving a control signal including a first
control scheme:

a processor capable of translating the control signal into
a driver control signal having a predetermined sec-
ond control scheme; and

an output for sending the driver control signal to a
driver.
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