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1
INDEPENDENT LIGHTING CONTROL

RELATED APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 18/068,561, filed Dec. 20, 2022, the
entire content of which is hereby incorporated by reference.

FIELD

Embodiments described herein relate to a lighting control
system having a driver for independently controlling mul-
tiple light sources.

SUMMARY

Embodiments described herein provide for controlling
multiple light sources using a single driver output. For
example, two or more light sources may share a single input
node. A steering bridge circuit reverses the polarity of
current provided to the input node. Additionally, a driver
circuit generates independent control signals for each light
source that is provided to the steering bridge. This provides
for independent control of each light source using a single
closed electrical connection (for example, a single pair of
wires). In some implementations, a controller further con-
trols whether a light source receives current based on a
current value or voltage value provided to the input node.
The light sources, the steering bridge, the driver circuit, and
the controller may be situated within a shared luminaire
housing.

One embodiment provides a lighting control system com-
prising an input capable of being driven in a first polarity and
a second polarity reversed from the first polarity, a first light
source connected to the input and configured to generate
light when driven at the first polarity, and a second light
source connected to the input and configured to generate
light when driven at the second polarity. The lighting control
system includes a steering bridge connected to the input and
configured to control the polarity of the input, and a con-
troller connected to the steering bridge. The controller is
configured to control, based on a steering drive command,
the steering bridge, and provide, to the input, lighting control
signals to independently control the first light source and the
second light source.

Another embodiment provides a lighting control system
comprising a first light source, a second light source, a driver
circuit configured to independently drive the first light
source and the second light source, and a sensing circuit. The
sensing circuit is configured to sense a characteristic of the
driver circuit, connect the first light source to the driver
circuit when the characteristic of the driver circuit is less
than a threshold, and connect the second light source to the
driver circuit when the characteristic of the driver circuit is
greater than or equal to the threshold.

Another embodiment provides a lighting control system
comprising an input capable of being driven in a first
polarity and a second polarity reversed from the first polar-
ity, a first light source connected to the input and configured
to generate light when driven at the first polarity, and a
second light source connected in anti-series to the first light
source and configured to generate light when driven at the
second polarity. The lighting control system includes a
steering bridge connected to the input and configured to
independently drive the first light source and the second
light source and a sensing circuit configured to sense a
characteristic of the input. The lighting control system
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2

includes a controller connected to the steering bridge, the
sensing circuit, and the input. The controller is configured to
control, via the steering bridge, a polarity of the input,
receive, via the sensing circuit, a signal indicative of the
characteristic of the steering bridge, connect the first light
source to the input when the characteristic of the input is less
than a threshold, and connect the second light source to the
input when the characteristic of the input is greater than or
equal to the threshold.

Before any implementations of the disclosure are
explained in detail, it is to be understood that the disclosure
is not limited in its application to the details of construction
and the arrangement of components set forth in the follow-
ing description or illustrated in the following drawings. The
disclosure is capable of other implementations and of being
practice or of being carried out in various ways.

Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and
should not be regarded as limiting. The use of “including,”
“comprising,” or “having” and variations thereof herein is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items. The terms
“mounted,” “connected,” and “coupled” are used broadly
and encompass both direct and indirect mounting, connect-
ing, and coupling. Further, “connected” and “coupled” are
not restricted to physical or mechanical connections or
couplings, and can include electrical connections or cou-
plings, whether direct or indirect. Also, electronic commu-
nications and notifications may be performed using other
known means including direct connections, wireless con-
nections, etc.

It should also be noted that a plurality of hardware and
software based devices, as well as a plurality of different
structural components, may be utilized to implement the
disclosure. Furthermore, and as described in subsequent
paragraphs, the specific configurations illustrated in the
drawings are intended to exemplify implementations of the
disclosure. Alternative configurations are possible.

Other aspects of the embodiments will become apparent
by consideration of the detailed description and accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a lighting control system, in
accordance with some embodiments.

FIG. 2 is a block diagram of another lighting control
system, in accordance with some embodiments.

FIG. 3 is a circuit diagram of the lighting control system
of FIG. 1, in accordance with some embodiments.

FIG. 4 is a flow chart of a method performed by the
lighting control system of FIG. 1, in accordance with some
embodiments.

FIG. 5 is a block diagram of a light array having a
characteristic sensing circuit, in accordance with some
embodiments.

FIG. 6 is a flow chart of a method performed by the
characteristic sensing circuit of FIG. 5, in accordance with
some embodiments.

FIGS. 7A-7B is a block diagram of a lighting control
system, in accordance with some embodiments.

FIG. 8 is a graph of current commands for the lighting
control system of FIGS. 7A-7B, in accordance with some
embodiments.

FIG. 9 is a graph of pulse width modulated (PWM)
control signals for the lighting control system of FIGS.
7A-7B, in accordance with some embodiments.



US 12,538,406 B2

3

FIG. 10 is a flow chart of a method performed by the
lighting control system of FIGS. 7A-7B, in accordance with
some embodiments.

FIG. 11 is a circuit diagram of a lighting array, in
accordance with some embodiments.

FIG. 12 is a graph illustrating a current through a delay
current circuit in the lighting array of FIG. 11, in accordance
with some embodiments.

FIG. 13 is a graph illustrating a current through a first
lighting circuit in the lighting array of FIG. 11, in accordance
with some embodiments.

FIG. 14 is a graph illustrating a current through a second
lighting circuit in the lighting array of FIG. 11, in accordance
with some embodiments.

FIG. 15 is a graph of FIGS. 12-14 superimposed on a
single plot.

FIG. 16 is a block diagram of another lighting control
system, in accordance with some embodiments.

FIGS. 17A-17B are block diagrams of example inputs to
the lighting control system of FIG. 16, in accordance with
some embodiments.

FIG. 18 is a flow chart of a method performed by the
lighting control system of FIG. 16, in accordance with some
embodiments.

FIG. 19A is a graph of control commands for a light load
in the lighting control system of FIG. 16 operating in a first
operating mode, in accordance with some embodiments.

FIG. 19B is a graph of the current flowing through the
light load in response to the control commands of FIG. 19A,
in accordance with some embodiments.

FIG. 20A is a graph of control commands for a light load
in the lighting control system of FIG. 16 operating in a
second operating mode, in accordance with some embodi-
ments.

FIG. 20B is a graph of the current flowing through the
light load in response to the control commands of FIG. 20A,
in accordance with some embodiments.

FIG. 21 is an illustration of a luminaire housing, in
accordance with some embodiments.

FIG. 22 is an illustration of a luminaire housing connected
to a driver, in accordance with some embodiments.

FIG. 23 is an illustration of a plurality of luminaire
housings connected to a driver, in accordance with some
embodiments.

FIG. 24 is an illustration of a plurality of luminaire
housings connected to a multi-channel driver, in accordance
with some embodiments.

DETAILED DESCRIPTION

Before any aspects of the disclosure are explained in
detail, it is to be understood that the disclosure is not limited
in its application to the details of construction and the
arrangement of components set forth in the following
description or illustrated in the following drawings. The
disclosure is capable of supporting other aspects and being
practiced or being carried out in various ways. Also, it is to
be understood that the phraseology and terminology used
herein is for the purpose of description and should not be
regarded as limiting.

FIG. 1 provides a lighting control system 100 according
to one example. The lighting control system 100 may
include a controller 102, a driver circuit 104, a steering
bridge 106, a first light source 108, and a second light source
110. In some instances, the controller 102, the driver circuit
104, the steering bridge 106, the first light source 108, and
the second light source 110 are situated within a luminaire
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housing 101. In other instances, components of the lighting
control system 100 may be situated outside the luminaire
housing 101. The controller 102 may receive, among other
things, a first control level 112, a second control level 114,
and a steering drive command 116. In some embodiments,
the first control level 112, the second control level 114,
and/or the steering drive command 116 are received from a
user interface included in, or otherwise connected to, the
lighting control system 100. The first control level 112, the
second control level 114, and/or the steering drive command
116 are received from an external device via a data connec-
tion (e.g., a wired connection via ethernet, a wireless con-
nection, or the like). The external device may be, for
example, a wall station, a lighting control console, an
architectural control system, or the like. The controller 102
generates commands to control the driver circuit 104 and the
steering bridge 106 based on the first control level 112, the
second control level 114, and the steering drive command
116, as described below in more detail.

In some implementations, the controller 102 includes,
among other things, an electronic processor 130, a memory
132, and an input/output interface 134. The electronic pro-
cessor 130, the memory 132, the input/output interface 134,
as well as the various modules connected to the controller
102 are connected by one or more control and/or data buses
(for example, a common bus). The input/output interface
134 includes routines for transferring information between
components within the controller 102 and other components
of' the lighting control system 100. In some implementations,
the controller 102 is implemented partially or entirely on a
semiconductor (for example, a field-programmable gate
array [“FPGA”] semiconductor) chip.

The memory 132 includes, for example, read-only
memory (ROM), random access memory (RAM) (for
example, dynamic RAM [DRAM], synchronous DRAM
[SDRAM], etc.), electronically erasable programmable
read-only memory (EEPROM), flash memory, a hard disk,
an SD card, other non-transitory computer-readable media,
or a combination thereof. The electronic processor 130 is
connected to the memory 132 and executes software instruc-
tions that are capable of being stored in a RAM of the
memory 132 (for example, during execution), a ROM of the
memory 132 (for example, on a generally permanent basis),
or another non-transitory computer-readable medium such
as another memory or a disc. Alternatively or in addition, the
memory 132 is included in the electronic processor 130.
Software included in some implementations of the lighting
control system 100 can be stored in the memory of the
controller 102. The software includes, for example, firm-
ware, one or more applications, program data, filters, rules,
one or more program modules, and other executable instruc-
tions. In other constructions, the controller 102 includes
additional fewer, or different components. For example, the
controller 102 may be comprised of only hardware compo-
nents, such as switches and logical gates.

The driver circuit 104 may be, for example a constant
current (CC) driver, a constant voltage (CV) driver, an
analog voltage driver, an analog current driver, or a combi-
nation thereof. The driver circuit 104 is configured to control
the first light source 108 and/or the second light source 110
based on commands from the controller 102. For example,
the driver circuit 104 may vary the current provided to the
first light source 108 and the second light source 110 by
varying the amplitude of the current or the duty cycle of a
pulse width modulated (PWM) voltage. In some embodi-
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ments, the controller 102 performs the operations of the
driver circuit 104 or the driver circuit 104 is implemented
into the controller 102.

The steering bridge 106 may be a circuit that alternatively
steers voltage and current (for example AC current) to the
first light source 108 and the second light source 110. For
example, in the example of FIG. 1, the first light source 108
includes a first light emitting diode (LED) D1 and a second
LED D2 having a first polarity such that current only flows
through the first light source 108 when the current is
positive. The second light source 110 includes a third LED
D3 and a fourth LED D4 having a second polarity such that
currently only flows through the second light source 110
when the current is negative. The first light source 108 and
the second light source 110 are connected at an input node
120. The steering bridge 106 controls the polarity of the
current provided to the input node 120 to independently
drive each light source.

In the example of FIG. 1, the first light source 108 and the
second light source 110 are connected in parallel (or, more
specifically, anti-parallel due to the opposite polarities).
However, in other examples, the first light source 108 and
the second light source 110 may instead be connected in
series (or, more specifically, anti-series due to the opposite
polarities). For example, FI1G. 2 provides the lighting control
system 100 having a first light source 108' and a second light
source 110'. The first light source 108' includes a first LED
D1, a second LED D2, and a first diode D5. The second light
source 110" includes a third LED D3, a fourth LED D4, and
a sixth diode D6. The fifth diode D5 and the sixth diode D6
provide a path for current regardless of the polarity of the
current. Specifically, when the current provided to the input
node 120 has a positive polarity, the current flows through
the first LED D1, the second LED D2 and the sixth diode
D6, therefore bypassing the third LED D3 and the fourth
LED D4. When the current provided to the input node 120
has a negative polarity, the current flows through the third
LED D3, the fourth LED D4, and the fifth diode D35,
therefore bypassing the first LED D1 and the second LED
D2.

While the first light source 108 and the second light
source 110 are shown to include two LEDs, in some imple-
mentations, the first light source 108 and the second light
source 110 include more or fewer LEDs. Additionally, the
lighting control system 100 may include more than two light
sources. The light sources included within the lighting
control system 100 may henceforth be referred collectively
to as a lighting array or an LED array.

FIG. 3 illustrates an example circuit diagram for imple-
menting the lighting control system 100. In the example of
FIG. 3, the driver circuit 104 is configured as a constant
current LED driver. The controller 102 includes a plurality
of logical hardware, such as a first AND gate 300, a second
AND gate 302, and a NAND gate 304. Additionally, in the
example of FIG. 3, the first control level 112 is a 20 kHz
PWM signal, the second control level 114 is a 20 kHz PWM
signal, and the steering drive command 116 is a 1 kHz PWM
signal. The first AND gate 300 receives the first control level
112 and the steering drive command 116 as inputs. The
second AND gate 302 receives the second control level 114
and the output of the NAND gate 304 as inputs. The NAND
gate 304 receives the steering drive command 116 as both
inputs, ensuring the output of the NAND gate 304 is always
the opposite of the value of the steering drive command 116.
The outputs of the first AND gate 300 and the second AND
gate 302 are provided to the driver circuit 104.
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The controller 102 may also include a first high and low
side (HL) driver 306 and a second HL driver 308 for driving
the steering bridge 106. The steering bridge 106 may include
a first high side field-effect transistor (FET) 320, a first low
side FET 322, a second high side FET 324, and a second low
side FET 326. The first HL. driver 306 generates a G1H
signal provided to the gate of the first high side FET 320 for
controlling the first high side FET 320. The first HL. driver
306 also generates a GIL signal provided to the gate of the
first low side FET 322 for controlling the first low side FET
322. The second HL driver 308 generates a G2H signal
provided to the gate of the second high side FET 324 for
controlling the second high side FET 324. The second HL.
driver 308 also generates a G2L signal provided to the gate
of the second low side FET 326 for controlling the second
low side FET 326. In some embodiments, rather than FETs,
the steering bridge 106 is comprised of a different type of
appropriate switching device, such as bipolar transistor, a
metal-oxide-semiconductor FET (MOSFET), a junction-
gate FET (JFET), or the like.

The controller 102 controls the FETs included in the
steering bridge 106 to control whether the first light source
108 or the second light source 110 receives power. Addi-
tionally, the driver circuit 104 generates commands for
either the first light source 108 or the second light source 110
based on signals from the controller 102. The commands
generated by the driver circuit 104 are provided to input
node 120. Accordingly, by controlling the driver circuit 104
and the steering bridge 106 concurrently, the controller 102
manages independent control of the first light source 108
and the second light source 110.

FIG. 4 provides a method 400 for operating the lighting
control system 100 in accordance with some embodiments.
The method 400 may be performed by the controller 102, the
driver circuit 104, the steering bridge 106, or a combination
thereof. The steps of the method 400 are described in an
iterative manner for descriptive purposes. Various steps
described herein with respect to the method 400 are capable
of being executed simultaneously, in parallel, or in an order
that differs from the illustrated serial and iterative manner of
execution.

At block 402, the controller 102 receives lighting control
levels. For example, when two light sources are present, the
controller 102 receives the first control level 112 and the
second control level 114. At block 404, the controller 102
receives steering drive command 116.

At block 406, the controller 102 controls the steering
bridge 106 using the steering drive command 116. For
example, the controller 102 controls the steering bridge 106
to reverse the polarity at the input node 120 according to the
steering drive command 116. At block 408, the controller
102 provides lighting control to the input node 120. For
example, the controller 102 provides the first control level
112 and the second control level 114 to the driver circuit 104.
The driver circuit 104 generates commands for controlling
the first light source 108 and/or the second light source 110
that are provided to the input node 120.

In some instances, the lighting control system 100
includes a drive splitter circuit for connecting or disconnect-
ing the first light source 108 and the second light source 110
from the input node 120. FIG. 5 provides an example drive
splitter circuit 500. As illustrated, the drive splitter circuit
500 may include a current sensing circuit 502, a first
comparator 505, a second comparator 510, a first switch Q1,
a second switch Q2. A current flowing through the lighting
array from the driver circuit 104 flows through a current
sense resistor R1. The current sensing circuit 502 detects a
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voltage value of the current sense resistor R1 indicative of
a value of the current flowing through the lighting array. The
voltage value is provided to the first comparator 505 and the
second comparator 510. The first comparator 505 compares
the voltage value to a first threshold (for example, a voltage
value indicative of a current of 750 mA). When the voltage
value is less than the first threshold, the first comparator 505
controls the first switch Q1 to an ON state, allowing current
to flow through the first light source 108. When the voltage
value is greater than the first threshold, the first comparator
505 controls the first switch Q1 to an OFF state, stopping the
flow of current through the first light source 108.

Additionally, the second comparator 510 compares the
voltage value to the first threshold. When the voltage value
is greater than the first threshold, the second comparator 510
controls the second switch Q2 to an ON state, allowing
current to flow through the second light source 110. When
the voltage value is less than the first threshold, the second
comparator 510 controls the second switch Q2 to an OFF
state, stopping the flow of current through the second light
source 110.

Accordingly, in the example of FIG. 5, the drive splitter
circuit 500 connects either the first light source 108 or the
second light source 110 to the input node 120 based on a
characteristic of the driver circuit 104 (e.g., a current pro-
vided by the driver circuit 104, a voltage provided by the
driver circuit 104, etc.). In other embodiments, the first
comparator 505 and the second comparator 510 may com-
pare the output of the current sensing circuit 502 to different
threshold values. Additionally, when more than two light
sources are provided, more comparators may be provided
with unique threshold values to independently connect each
light source to the input node 120. In some instances, the
thresholds of the first comparator 505 and the second
comparator 510 may overlap such that current is provided to
both the first light source 108 and the second light source
110. For example, the first comparator 505 may control the
first switch Q1 to an ON position when the current is less
than approximately 800 mA, while the second comparator
510 may control the second switch Q2 to an ON position
when the current is greater than approximately 600 mA.
Accordingly, both the first switch Q1 and the second switch
Q2 are ON when the current is approximately 700 mA at the
current sense resistor R1, and both the first light source 108
and the second light source 110 receive current.

FIG. 6 provides a method 600 performed by the drive
splitter circuit 500 in accordance with some embodiments.
The steps of the method 400 are described in an iterative
manner for descriptive purposes. Various steps described
herein with respect to the method 600 are capable of being
executed simultaneously, in parallel, or in an order that
differs from the illustrated serial and iterative manner of
execution.

At block 602, the drive splitter circuit 500 senses a
characteristic of the driver circuit 104. For example, the
current sensing circuit 502 senses a current provided by the
driver circuit 104. In some embodiments, the current sensing
circuit 502 senses the current at the input node 120. At block
604, the drive splitter circuit 500 compares the characteristic
of the driver circuit to a threshold. When the characteristic
of the driver circuit is less than the threshold, the drive
splitter circuit 500 proceeds to block 606. When the char-
acteristic of the driver circuit is greater than the threshold,
the drive splitter circuit 500 proceeds to block 608.

At block 606, when the characteristic of the driver circuit
104 is less than the threshold, the drive splitter circuit 500
connects the first light source 108 to the driver circuit 104.
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For example, the first comparator 505 controls the first
switch Q1 to an ON state to connect the first light source 108
to the input node 120. The second comparator 510 controls
the second switch Q2 to an OFF state to disconnect the
second light source 110 from the input node 120. At block
608, when the characteristic of the driver circuit 104 is
greater than the threshold, the drive splitter circuit 500
connects the second light source 110 to the driver circuit
104. For example, the first comparator 505 controls the first
switch Q1 to an OFF state to disconnect the first light source
108 from the input node 120. The second comparator 510
controls the second switch Q2 to an ON state to connect the
second light source 110 to the input node 120. In some
embodiments, once the driver circuit 104 is connected to the
first light source (block 606) or the second light source
(block 608), method 600 may cycle back to block 602.

FIGS. 7A-7B illustrate an example lighting control sys-
tem 200 implementing drive splitter circuits. The lighting
control system 200 includes the driver circuit 104, the
steering bridge 106, a first drive splitter circuit 700, a second
drive splitter circuit 712, a first light source 708, a second
light source 710, a third light source 720, and a fourth light
source 722. The first drive splitter circuit 700, the first light
source 708, and the second light source 710 may henceforth
collectively be referred to as a first lighting array. The
second drive splitter circuit 712, the third light source 720,
and the fourth light source 722 may henceforth collectively
be referred to as a second lighting array. The first lighting
array and the second lighting array are connected between a
positive input Drive+ and a negative input Drive—. A first
input node 120A is connected to the positive input Drive+
and a second input node 120B is connected to the negative
input Drive-. The first input node 120A acts as the input
node to the lighting control system 200 when the lighting
control system 200 is driven at a first polarity (e.g., a positive
polarity). The second input node 120B acts as the input node
to the lighting control system 200 when the lighting control
system 200 is driven at a second polarity (e.g., a negative
polarity). While not illustrated, in some implementations,
the driver circuit 104 and the steering bridge 106 are
controlled by the controller 102. The driver circuit 104 and
the steering bridge 106 illustrated in FIG. 7A are substan-
tially similar to the steering bridge 106 described above with
respect to FIG. 3.

The first drive splitter circuit 700 may include a first
current sensing circuit 702, a first comparator 704, a second
comparator 706, a first switch Q1, and a second switch Q2.
The first drive splitter circuit 700 may operate substantially
similar to the drive splitter circuit 500 described above with
respect to FIG. 5. A current flowing through either the first
light source 708 or the second light source 710 flows through
a first current sense resistor R1. The first current sensing
circuit 702 detects a voltage value of the first current sense
resistor R1 indicative of a value of the current flowing
through the first light source 708 or the second light source
710.

The first light source 708 may include a first LED D1, a
second LED D2, a third LED D3, and a fourth LED D4
connected in series and configured to allow the flow of
current at a first polarity (e.g., a positive polarity). The
second light source 710 may include a fifth LED D5, a sixth
LED D6, a seventh LED D7, and an eight LED D8 con-
nected in series and also configured to allow the flow of
current at the first polarity. Accordingly, the control of the
first switch Q1 and the second switch Q2 determine whether
current flows through the first light source 708 or the second
light source 710. In some instances, the first switch Q1 and
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the second switch Q2 may be controlled to allow current to
flow through both the first light source 708 and the second
light source 710 in parallel, based on the values of the first
comparator 704 and the second comparator 706. A first
blocking diode D9 is provided parallel to the first light
source 708 and the second light source 710. Current
bypasses the first light source 708 and the second light
source 710 through the first blocking diode D9 when the
current is a second polarity opposite the first polarity (e.g.,
flowing from the negative input Drive- to the positive input
Drive+).

In the illustrated embodiment, the second lighting array is
connected in anti-series to the first lighting array. The second
drive splitter circuit 712 may include a second current
sensing circuit 714, a third comparator 716, a fourth com-
parator 718, a third switch Q3, and a fourth switch Q4. The
second drive splitter circuit 712 may operate substantially
similar to the drive splitter circuit 500 described above with
respect to FIG. 5. A current flowing through either the third
light source 720 or the fourth light source 722 flows through
a second sense resistor R2. The second current sensing
circuit 714 detects a voltage value of the second current
sense resistor R2 indicative of a value of the current flowing
through the third light source 720 or the fourth light source
722.

The third light source 720 may include a tenth LED D10,
an eleventh LED D11, a twelfth LED D12, and a thirteenth
LED D13 connected in series and configured to allow the
flow of current at a second polarity (e.g., a negative polar-
ity). The second light source 710 may include a fourteenth
LED D14, a fifteenth LED D15, a sixteenth LED D16, and
a seventeenth LED D17 connected in series and also con-
figured to allow the flow of current at the second polarity.
Control of the third switch Q3 and the fourth switch Q4
determines whether current flows through the third light
source 720 or the fourth light source 722. In some instances,
the third switch Q3 and the fourth switch Q4 may be
controlled to allow current to flow through both the third
light source 720 and the fourth light source 722 in parallel,
based on the values of the third comparator 716 and the
fourth comparator 718. A second blocking diode D18 is
provided parallel to the third light source 720 and the fourth
light source 722. Current bypasses the third light source 720
and the fourth light source 722 when the current is a first
polarity opposite the second polarity (e.g., flowing from the
positive input Drive+ to the negative input Drive-).

The driver circuit 104 provides drive signals for each light
source via the input node 120. FIG. 8 provides a graph 800
illustrating signals provided to the first light source 708, the
second light source 710, the third light source 720, and the
fourth light source 722. Additionally, FIG. 9 provides a
graph 900 illustrating controls of the steering bridge 106 and
the sensing circuits 702, 714 over the same time period of
FIG. 8. Particularly, graph 900 illustrates a fundamental
PWM signal used by the lighting control system 200, a
current select PWM signal used by the sensing circuit 702,
714, and the steering drive command used to control the
steering bridge 106.

From the time period T0 to T1, the driver circuit 104
provides a drive signal having a first magnitude C1. Addi-
tionally, from time period TO0 to T1, the controller 102
controls the steering bridge 106 such that the polarity of the
current is positive (e.g., a positive magnitude). As the
polarity of the current is positive, current flows through the
first lighting array and bypasses the second lighting array. In
the example of FIGS. 8-9, the first magnitude C1 is less than
the threshold of the first comparator 704 and second com-
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parator 706. Accordingly, the first switch Q1 is controlled to
an ON position and the second switch Q2 is controlled to an
OFF position. From time T0 to T1, current flows only
through the first light source 708.

From the time period T1 to T2, the driver circuit 104
provides a drive signal having a second magnitude C2.
Additionally, from time period T1 to T2, the controller 102
controls the steering bridge 106 such that the polarity of the
current is positive. In the example of FIGS. 8-9, the second
magnitude C2 is greater than the threshold of the first
comparator 704 and the second comparator 706. Accord-
ingly, the first switch Q1 is controlled to an OFF position and
the second switch Q2 is controlled to an ON position. From
time T1 to T2, current flows only through the second light
source 710.

From time period T2 to T3, the driver circuit 104 provides
a drive signal having a third magnitude —-C1. Additionally,
from time period T2 to T3, the controller 102 controls the
steering bridge 106 such that the polarity of the current is
negative (e.g., a negative magnitude). As the polarity of the
current is negative, current flows through the second lighting
array and bypasses the first lighting array. In the example of
FIGS. 8-9, the first magnitude —C1 is less than the threshold
of the third comparator 716 and the fourth comparator 718.
Accordingly, the third switch Q3 is controlled to an ON
position and the fourth switch Q4 is controlled to an OFF
position. From time T2 to T3, current flows only through the
third light source 720.

From time period T3 to T4, the driver circuit 104 provides
a drive signal having a fourth magnitude —-C2. Additionally,
from time period T3 to T4, the controller 102 controls the
steering bridge 106 such that the polarity of the current is
negative. In the example of FIGS. 8-9, the second magnitude
-C2 is greater than the threshold of the third comparator 716
and the fourth comparator 718. Accordingly, the third switch
Q3 is controlled to an OFF position and the fourth switch Q4
is controlled to an ON position. From time T3 to T4, current
flows only through the fourth light source 722.

FIG. 10 provides an example method 1000 for operating
the lighting control system 200 in accordance with some
embodiments. The steps of the method 1000 are described in
an iterative manner for descriptive purposes. Various steps
described herein with respect to the method 1000 are
capable of being executed simultaneously, in parallel, or in
an order that differs from the illustrated serial and iterative
manner of execution.

At block 1002, the controller 102 receives lighting control
levels for each of the light sources. For example, the
controller 102 receives a first control level for the first light
source 708, a second control level for the second light source
710, a third control level for the third light source 720, and
a fourth light source 722. In some instances, the controller
102 provides the lighting control levels to the driver circuit
104.

At block 1004, the controller 102 receives the steering
drive command for driving the steering bridge 106. At block
1006, the controller 102 controls the steering bridge 106
using the steering drive command.

At block 1008, the driver circuit 104 provides a lighting
control signal to the input node 120. For example, the driver
circuit 104 provides the current signals illustrated within
graph 800 to the input node 120. At block 1010, the drive
splitter circuit senses a current of the input node 120. For
example, the first current sensing circuit 702 senses the
current of the input node 120, the second current sensing
circuit 714 senses the current of the input node 120, or both
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the first current sensing circuit 702 and the second current
sensing circuit 714 sense the current of the input node 120.

At block 1012, the drive splitter circuit compares the
current of the input node 120 to a threshold. For example,
the first comparator 704, the second comparator 706, the
third comparator 716, and the fourth comparator 718 each
compare the current of the input node 120 to their respective
thresholds. When the current of the input node 120 is less
than the threshold, the drive splitter circuit proceeds to block
1014. When the current of the input node 120 is greater than
the threshold, the drive splitter circuit proceeds to block
1016.

At block 1014, the drive splitter circuit connects the first
light source to the driver circuit 104. For example, the first
comparator 704 controls the first switch Q1 to an ON
position to connect the first light source 708 to the input
node 120. In some instances, the third comparator 716
controls the third switch Q3 to an ON position to connect the
third light source 720 to the input node 120. At block 1016,
the drive splitter circuit connects the second light source to
the driver circuit 104. For example, the second comparator
706 controls the second switch Q2 to an ON position to
connect the second light source 710 to the input node 120.
In some instances, the fourth comparator 718 controls the
fourth switch Q4 to an ON position to connect the fourth
light source 722 to the input node 120. In some embodi-
ments, once the driver circuit 104 is connected to the first
light source (block 1014) or the second light source (block
1016), method 1000 may cycle back to block 1002.

In some embodiments, the lighting control system further
includes a delay circuit to delay current to the lighting array.
FIG. 11 illustrates a circuit diagram for an example lighting
control system 1100. The lighting control system 1100
includes a delay circuit 1105, a first lighting circuit 1110, and
a second lighting circuit 1115. The delay circuit 1105
includes a delay transistor Q7 connected in series with a
resistor R5. When the driver circuit 104 begins to provide
drive signals, the delay circuit 1105 provides an initial path
for current until the current level has reached a desired
value. For example, when the driver circuit 104 begins to
provide drive signals, current flows through the delay circuit
1105 for a predetermined time period (e.g., a delay period).
FIG. 12 illustrates an example plot of current through the
delay circuit 1105 at the start of each drive cycle.

The first lighting circuit 1110 includes a first switch Q1 for
controlling whether the first lighting circuit 1110 receives
current. For example, at the end of the delay period, if the
current through the delay circuit 1105 is below the current
threshold (for example, 750 mA), the first switch Q1 is
controlled to provide current to the first lighting circuit 1110.
FIG. 13 illustrates an example plot of current through the
first lighting circuit 1110 at the end of the delay period.

The second lighting circuit 1115 includes a second switch
Q3 for controlling whether the second lighting circuit 1115
receives current. For example, at the end of the delay period,
if the current through the delay circuit 1105 is above the
current threshold, the second switch Q3 is controlled to
provide current to the second lighting circuit 1115. FIG. 14
illustrates an example plot of current through the second
lighting circuit 1115 at the end of the delay period. FIG. 15
illustrates FIG. 12, FIG. 13, and FIG. 14 superimposed on a
single plot. As seen in FIG. 15, at the end of each delay
period, either the first lighting circuit 1110 or the second
lighting circuit 1115 are controlled based on the magnitude
of the current.

While embodiments described herein have primarily
referred to sensing the current of the input node 120 (e.g., the
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current provided by the driver circuit 104), in some
instances, other characteristics of the input node 120 are
monitored to determine whether to connect light sources to
the driver circuit 104. For example, a voltage value provided
by the driver circuit 104 to the input node 120 may be sensed
by a characteristic sensing circuit. The voltage value is then
compared to a threshold. Light sources are connected to the
input node 120 based on the voltage value. As another
example, a duty cycle of the current provided by the driver
circuit 104 to the input node 120 may be varied. The duty
cycle is then compared to a threshold. Light sources are
connected to the input node 120 based on the duty cycle.

Light sources described herein may be controlled herein
to provide different shades of white light (e.g., tunable light),
color mixture, color fading, and similar light operations.
Each connected light source may be any light color, such as
a combination of red lights, green lights, blue lights, and
white lights of varying shades and warmth. While each light
source is controlled independently and at a different time,
the light sources may be controlled at a frequency high
enough such that, to a viewer of the luminaire, each light
source remains on.

FIG. 16 provides a lighting control system 1600 accord-
ing to another example. The lighting control system 1600
may include the controller 102, the driver circuit 104, and
the steering bridge 106. The lighting control system 1600
may also include one or more inputs 1602, a hardware logic
block 1604, and a light load 1610. In some instances, the one
or more inputs 1602, the controller 102, the hardware logic
block 1604, the driver circuit 104, the steering bridge 106,
and the light load 1610 are situated within a luminaire
housing (not shown). In other instances, components of the
lighting control system 1600 may be situated outside the
luminaire housing.

In the example of FIG. 16, the light load 1610 includes
four LED strings: a first LED string 1612, a second LED
string 1614, a third LED string 1616, and a fourth LED
string 1618. In other instances, fewer or more light sources
may be provided, such as two light sources, six light sources,
eight light sources, or the like. Examples described herein
primarily refer to having either four single color light
sources (e.g., four LED strings within a single luminaire
housing) or having two tunable white fixtures (e.g., two LED
strings within two separate luminaire housings). In some
instances, four fixtures may alternatively be provided (e.g.,
four luminaire housings each having a separate LED string).
In some implementations, the light load 1610 may be
substantially similar to the implementations shown in FIG.
5 and FIG. 7B. For example, the light load 1610 may include
an LED String High+, an LED String Low+, an LED String
High-, and an LED String Low- light device. The LED
String High+ light device receives current when an ampli-
tude of the operating current is greater than a threshold and
has a positive polarity. The LED String Low+ light device
receives current when an amplitude of the operating current
is less than a threshold and has a positive polarity. The LED
String High- light device receives current when an ampli-
tude of the operating current is greater than a threshold and
has a negative polarity. The LED String Low- light device
receives current when an amplitude of the operating current
is less than a threshold and has a negative polarity.

The lighting control system 1600 may operate within two
separate modes of operation: a standard operation mode and
a boost operation mode. The operation (or operating) mode
may change the one or more inputs 1602 received by the
controller 102. FIG. 17A provides an example of the one or
more inputs 1602 that may be received by the controller 102
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during a standard operation mode. In the example of FIG.
17A, the one or more inputs 1602 include a first control
signal 1700 (e.g., LED control signal 1), a second control
signal 1702 (e.g., LED control signal 2), a third control
signal 1704 (e.g., LED control signal 3), and a fourth control
signal 1706 (e.g., LED control signal 4). While the example
of FIG. 17A provides four control signals for controlling the
light load 1610, in other instances, fewer or more control
signals are provided (for example, two control signals, three
control signals, five control signals, six control signals, and
the like).

In one example, the first control signal 1700 indicates
controls for the first LED string 1612, the second control
signal 1702 indicates controls for the second LED string
1614, the third control signal 1704 indicates controls for the
third LED string 1616, and the fourth control signal 1706
indicates controls for the fourth LED string 1618. In this
manner, each LED string is controlled separately. The con-
trol signals may be implemented in this manner when the
light load 1610 includes four single color light sources. As
one implementation, the LED strings are each driven up to
25% ON time (where ON time indicates a period of time the
LED string receives current and emits light, and where 25%
ON time corresponds to a 100% control level) during the
cycle.

In another example, the first control signal 1700 indicates
an intensity value for both the first LED string 1612 and the
second LED string 1614. The second control signal 1702
indicates a desired color temperature (for example, an
amount of mixture) for the first LED string 1612 and the
second LED string 1614. The third control signal 1704
indicates an intensity value for both the third LED string 161
and the fourth LED string 1618. The fourth control signal
1706 indicates a desired color temperature for the third LED
string 1616 and the fourth LED string 1618. The control
signals may be implemented in this manner when the light
load 1610 includes tunable white fixtures.

FIG. 17B provides an example of the one or more inputs
1602 that may be received by the controller 102 during a
boost operation mode. In the example of FIG. 17A, the one
or more inputs 1602 include a first control signal 1710 (e.g.,
LED String 1 Intensity), a second control signal 1712 (e.g.,
LED String 2 Intensity), a third control signal 1714 (e.g.,
LED Strings 1 and 2 Mix), a fourth control signal 1716 (e.g.,
LED String 3 Intensity), a fifth control signal 1718 (e.g.,
LED String 4 Intensity), and a sixth control signal 1720
(e.g., LED Strings 3 and 4 Mix). The first control signal
1710 indicates an intensity value for the first LED string
1612. The second control signal 1712 indicates an intensity
value for the second LED string 1614. The third control
signal 1714 indicates an amount of mixture (e.g., a ratio) for
the first LED string 1612 and the second LED string 1614.
The fourth control signal 1716 indicates an intensity value
for the third LED string 1616. The fifth control signal 1718
indicates an intensity value for the fourth LED string 1618.
The sixth control signal 1720 indicates an amount of mixture
for the third LED string 1616 and the fourth LED string
1618.

As one implementation, the LED strings can each be
driven up to 50% of ON time but shares ON time with an
adjacent LED string. For example, if the first LED string
1612 is driven at 45% ON time, the second LED string 1614
is only driven up to 5% ON time. In this manner, the output
intensity of the first LED string 1612 is increased while the
output intensity of the second LED string 1614 is reduced.

In some instances, the one or more inputs 1602 include
additional signals, such as a frequency and PWM informa-
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tion for controlling the steering bridge 106 (e.g., the steering
drive 116). The one or more inputs 1602 may also include an
indication as to whether the boost operation mode is acti-
vated. For example, the luminaire housing may include an
input device, such as a button or switch. When an operator
of' the lighting control system 1600 actuates the input device,
the controller 102 receives an input signal indicating acti-
vation of the boost operating mode. Upon receiving a second
actuation of the input device, the controller 102 receives a
second input signal indicating activation of the standard
operating mode.

Returning to FIG. 16, the controller 102 processes the one
or more inputs 1602 to generate a plurality of output signals.
In the example of FIG. 16, the plurality of output signals
includes a first LED string control signal, a second LED
string control signal, a third LED string control signal, a
fourth LED string control signal, a steering bridge positive
control signal, and a steering bridge negative control signal.
However, in other examples, the plurality of output signals
may include fewer or more output signals. Each of the
output signals may be provided to the hardware logic block
1604. The steering bridge positive control signal and the
steering bridge negative control signal may be provided to
the steering bridge 106. In some instances, each of the output
signals are PWM signals.

The hardware logic block 1604 receives the plurality of
output signals from the controller 102. The hardware logic
block 1604 processes the plurality of output signals to
generate driver signals from the driver circuit 104. As an
example, the hardware logic block 1604 combines the first
LED string control signal, the second LED string control
signal, the third LED string control signal, and the fourth
LED string control signal with the steering bridge positive
control signal and the steering bridge negative control
signal. The hardware logic block 1604 generates a PWM
low signal and a PWM high signal that are provided to the
driver circuit 104.

The driver circuit 104 includes a driver low circuit 1606
and a driver high circuit 1608. The driver low circuit 1606
receives the PWM low signal and processes the PWM low
signal to generate a low current level (both positive and
negative values). The low current level is provided to a first
diode D1. The driver high circuit 1608 receives the PWM
high signal and processes the PWM high signal to generate
a high current level (both positive and negative values). The
high current level is provided to a second diode D2. The first
diode D1 and the second diode D2 operate as an OR circuit
for the outputs of the driver circuit 104.

In some instances, the driver circuit 104 includes a single
driver circuit (rather than the driver low circuit 1606 and the
driver high circuit 1608). Additionally, in some instances,
multiple drivers are connected via diodes. For example, four
driver circuits may be connected via diode’s operating as an
OR circuit.

The steering bridge 106 of FIG. 16 may operate substan-
tially similar to the steering bridge 106 of FIG. 3. The
steering bridge 106 may be, for example, an H Bridge that
converts DC positive drive signals from the driver circuit
104 (e.g., the high current level or the low current level) to
AC (both positive and negative) signals. The steering bridge
106 operates in accordance with the steering bridge positive
control signal and the steering bridge negative control signal
from the controller 102. In some instances, the steering
bridge 106 may receive control signals from another hard-
ware component not shown in FIG. 16.

FIG. 18 provides an example method 1800 for operating
the lighting control system 1600 in accordance with some
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embodiments. The steps of the method 1800 are described in
an iterative manner for descriptive purposes. Various steps
described herein with respect to the method 1800 are
capable of being executed simultaneously, in parallel, or in
an order that differs from the illustrated serial and iterative
manner of execution.

At block 1802, the controller 102 receives lighting control
signals associated with a standard operation mode. For
example, the controller 102 receives the first control signal
1700, the second control signal 1702, the third control signal
1704 and the fourth control signal 1706, as shown in FIG.
7A.

At block 1804, the controller 102 controls the light load
1610 according to the standard operation mode. As one
example, in the standard operation mode, the first control
signal 1700 indicates controls for the first LED string 1612,
the second control signal 1702 indicates controls for the
second LED string 1614, the third control signal 1704
indicates controls for the third LED string 1616, and the
fourth control signal 1706 indicates controls for the fourth
LED string 1618.

At block 1806, the controller 102 receives an indication to
activate the boost operation mode. For example, when an
operator of the lighting control system 1600 actuates the
input device, the controller 102 receives a first input signal
indicating activation of the boost operating mode.

At block 1808, the controller 102 receives lighting control
signals associated with a boost operation mode. For
example, the controller 102 receives the first control signal
1710, the second control signal 1712, the third control signal
1714, the fourth control signal 1716, the fifth control signal
1718, and the sixth control signal 1720, as shown in FIG.
7B.

At block 1810, the controller 102 controls the light load
1610 according to the boost operation mode. As one
example, in the boost operation mode, the first control signal
1710 indicates an intensity value for the first LED string
1612. The second control signal 1712 indicates an intensity
value for the second LED string 1614. The third control
signal 1714 indicates an amount of mixture (e.g., a ratio) for
the first LED string 1612 and the second LED string 1614.
The fourth control signal 1716 indicates an intensity value
for the third LED string 1616. The fifth control signal 1718
indicates an intensity value for the fourth LED string 1618.
The sixth control signal 1720 indicates an amount of mixture
for the third LED string 1616 and the fourth LED string
1618.

At block 1812, the controller 102 receives an indication to
activate the standard operation mode. For example, when an
operator of the lighting control system 1600 actuates the
input device, the controller 102 receives a second input
signal indicating activation of the standard operating mode.

FIG. 19A illustrates a graph 1900 illustrating an output
current and output voltage provided by the driver circuit 104
for controlling the light load 1610 in the standard operation
mode. In the graph 1900, the output current and output
voltage of the driver circuit 104 represent an example output
when the one or more inputs 1602 indicate each LED string
being driven at 50% ON time. As one example, the light load
1610 includes an LED String High+, an LED String Low+,
an LED String High-, and an LED String Low- light
devices, such as that described with respect to FIGS. 7B and
8. A first peak 1902 corresponds to an operating period of the
LED String High+ light device. A second peak 1904 corre-
sponds to an operating period of the LED String Low+ light
device. A third peak 1906 corresponds to an operating period
of the LED String High- light device. A fourth peak 1908
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corresponds to an operating period of the LED String Low-
light device. FIG. 19B illustrates a graph 1950 illustrating
the resulting current flowing through each respective light
device in response to the output current and output voltage
of FIG. 19A.

FIG. 20A illustrates a graph 2000 illustrating an output
current and output voltage provided by the driver circuit 104
for controlling the light load 1610 in the boost operation
mode. In the graph 2000, the output current and output
voltage of the driver circuit 104 represent an example where
an LED String High+ is set to 25% ON time, an LED String
Low+ is set to 50% ON time, an LED String High- is set to
0% ON time, and an LED String Low- is set to 200% ON
time. A first peak 2002 correspond to an operating period of
the LED String High+ light device. A second peak 2004
corresponds to an operating period of the LED String Low+
light device. A third peak 2006 corresponds to an operating
period of the LED String Low- light device. FIG. 20B
illustrates a graph 2050 illustrating the resulting current
flowing through each respective light device in response to
the output current and output voltage of FIG. 20A.
Luminaires

Lighting controls systems described herein may be imple-
mented within multiple different types of luminaires. For
example, FIG. 21 illustrates a luminaire 2100 according to
one implementation. In FIG. 21, all components (or sub-
stantially all of the components) of the lighting control
system 100, 200, 1600 are situated within the housing 2104
of the luminaire 2100. However, in some instances, certain
components of the lighting control system 100 may instead
be situated outside of the housing 2104. For example, FIG.
22 illustrates a light system 2200 having a driver 2204
situated outside of a luminaire housing 2201. In some
instances, only the lighting sources (such as first light source
108 and the second light source 110) are situated within the
luminaire housing 2201, while control elements (such as the
controller 102, the driver circuit 104, and the steering bridge
106) are located external to the luminaire housing 2201.

Additionally, in some implementations, multiple lumi-
naire housings are connected in series to control elements.
For example, FIG. 23 illustrates a light system 2300 having
a driver 2304 and a plurality of luminaire housings 2301. In
some embodiments, each of the luminaire housings 2301
house a single lighting source (such as housing only the first
light source 108 or the second light source 110). In other
instances, each of the luminaire housings 2301 may be
identical such that they output the same light based on
controls from the driver 2304. The control elements (such as
the controller 102, the driver circuit 104, and the steering
bridge 106) may be located in the driver 2304.

In some implementations, the driver circuit 104 is a
multi-channel driver. For example, FIG. 24 illustrates a light
system 2400 having a multi-channel driver 2404 for con-
trolling a first luminaire 2401 and a second luminaire 2402.
However, the multi-channel driver 2404 may control more
than two luminaires based on the number of luminaires
included in the light system 2400. The multi-channel driver
2404 may include the controller 102, the driver circuit 104,
and the steering bridge 106. However, rather than control-
ling all luminaires using a single input, the first luminaire
2401 and the second luminaire 2402 are connected to the
multi-channel driver 2404 at different inputs.

Thus, embodiments described herein provide, among
other things, a lighting control system having a driver for
independently controlling multiple light sources. Various
features and advantages are set forth in the following claims.
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What is claimed is:
1. A lighting control system comprising:
an input configured to be driven in a first polarity and a
second polarity reversed from the first polarity;
a first light source connected to the input and configured
to generate light when driven by the input;
a second light source connected to the input and config-
ured to generate light when driven by the input;
a steering bridge connected to the input and configured to
control the polarity of the input; and
a controller connected to the steering bridge and config-
ured to:
receive an indication of an operating mode of the
lighting control system;

receive a plurality of input signals indicating control
levels for the first light source and the second light
source; and

control, based on the plurality of input signals and the
operating mode, the first light source and the second
light source,

wherein, in a first operating mode, the plurality of input
signals indicate a first control level for the first light
source and a second control level for the second light
source, and

wherein, in a second operating mode, the plurality of
input signals indicate the first control level for the first
light source, the second control level for the second
light source, and a mixture ratio of the first light source
and the second light source.

2. The lighting control system of claim 1, wherein the
plurality of input signals includes a steering drive command,
and wherein the controller is configured to:

control the steering bridge based on the steering drive
command for a first time period, wherein, during the
first time period, the input is driven in the first polarity;
and

control the steering bridge based on the steering drive
command for a second time period, wherein, during the
second time period, the input is driven in the second
polarity.

3. The lighting control system of claim 1, further com-

prising:

a constant current driver circuit connected between the
controller and the steering bridge, wherein the control-
ler is configured to provide the lighting control signals
to the constant current driver circuit.

4. The lighting control system of claim 3, wherein the
constant current driver circuit includes a high current driver
circuit and a low current driver circuit connected by an OR
circuit.

5. The lighting control system of claim 4, wherein the first
light source is configured to generate light when driven at
the first polarity, and wherein the second light source is
configured to generate light when driven at the second
polarity.

6. The lighting control system of claim 1, wherein the first
light source and the second light source are connected in
anti-parallel.

7. The lighting control system of claim 1, wherein the first
light source and the second light source are connected in
anti-series.

8. The lighting control system of claim 1, wherein the first
light source includes a first plurality of light emitting diodes,
and wherein the second light source includes a second
plurality of light emitting diodes.

9. The lighting control system of claim 1, wherein, when
in the first operating mode, the plurality of input signals
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includes a first number of input signals, and wherein, when
in the second operating mode, the plurality of input signals
includes a second number of input signals greater than the
first number of input signals.

10. The lighting control system of claim 1, further com-
prising:

a sensing circuit configured to:

sense a characteristic of a driver circuit configured to
drive the first light source and the second light source
based on control signals received from the controller,

connect the first light source to the driver circuit when
the characteristic of the driver circuit is less than a
threshold, and

connect the second light source to the driver circuit
when the characteristic of the driver circuit is greater
than or equal to the threshold.

11. The lighting control system of claim 10, wherein the
characteristic of the driver circuit is a current value provided
by the driver circuit.

12. The lighting control system of claim 10, wherein the
characteristic of the driver circuit is a voltage value provided
by the driver circuit.

13. The lighting control system of claim 1, further com-
prising an input device configured to be actuated, and
wherein the controller is further configured to:

switch between the first operating mode and the second

operating mode based on actuation of the input device.

14. A lighting control system comprising:

an input configured to be driven in a first polarity and a

second polarity reversed from the first polarity;

a first light source connected to the input and configured

to generate light when driven by the input;

a second light source connected to the input configured to

generate light when driven by the input; and

a controller connected to the input, the controller config-

ured to:

receive a plurality of input signals indicating control
levels for the first light source and the second light
source;

control, based on the plurality of input signals and an
operating mode of the lighting control system, the
first light source and the second light source;

receive, via a sensing circuit, a signal indicative of a
characteristic of the input;

connect the first light source to the input when the
characteristic of the input is less than a threshold;
and

connect the second light source to the input when the
characteristic of the input is greater than or equal to
the threshold,

wherein, in a first operating mode, the plurality of input

signals indicate a first control level for the first light
source and a second control level for the second light
source, and

wherein, in a second operating mode, the plurality of

input signals increases an output intensity of the first
light source while reducing an intensity of the second
light source.

15. The lighting control system of claim 14, wherein the
characteristic of the input is a current value provided by a
driver circuit to the input.

16. The lighting control system of claim 14, wherein the
characteristic of the input is a voltage value provided by a
driver circuit to the input.

17. The lighting control system of claim 14, wherein the
first light source is configured to generate light when driven
at the first polarity, wherein the second light source is
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configured to generate light when driven at the second
polarity, wherein the first light source and the second light
source are connected at a node, and wherein the lighting
control system further comprises:

a third light source connected to the input and in parallel
to the first light source, the third light source configured
to generate light when driven at the first polarity; and

a fourth light source connected to the node and in parallel
to the second light source, the fourth light source
configured to generate light when driven at the second
polarity.

18. The lighting control system of claim 17, wherein the

controller is configured to:

connect the third light source to the input when the
characteristic of the input is greater than or equal to the
threshold, and

connect the fourth light source to the input when the
characteristic of the input is less than the threshold.

19. The lighting control system of claim 14, wherein the
first light source and the second light source are connected
in anti-series.

20. The lighting control system of claim 14, wherein the
first light source and the second light source are connected
in anti-parallel.

21. The lighting control system of claim 14, further
comprising a constant current driver circuit connected
between the controller and the input, wherein the controller
is configured to provide the lighting control signals to the
constant current driver circuit, and wherein the constant
current driver circuit includes a high current driver circuit
and a low current driver circuit connected by an OR circuit.
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