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(57) Abstract: A method for controlling operation of a lighting system is provided. The
method includes operating the lighting system in a first mode during a time period to pro-
vide a first light output. The first output can be a blend of HINS light and non-HINSS light.
The method includes determining a dosage amount of HINS light provided during the time
period. Furthermore, the method includes operating the lighting system in a second mode
to provide a second lighting output. The second light output can be HINS light or a blend of
HINS light and non-HINS light. Furthermore, spectral energy associated with HINS light
in the second light output is greater than spectral energy associated with the HINS light
in the first light output.
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METHOD FOR CONTROLLING OPERATION OF A LIGHTING SYSTEM
HAVING HIGH INTENSITY NARROW SPECTRUM LIGHT SOURCES

PRIORITY CLAIM

[0001]  The present application claims the benefit of priority of United States
Provisional App. No. 62/819,859, titled “Method for Controlling Operation of a
Lighting System Having High Intensity Narrow Spectrum Light Sources,” having a

filing date of March 18, 2019, which is incorporated by reference herein.

FIELD
[0002]  The present subject matter relates generally to lighting systems.

BACKGROUND
[0003]  Lighting systems can be used to provide illumination of spaces and objects
for a variety of different applications. In some lighting systems, high intensity narrow
spectrum (HINS) light can be used to reduce, suppress, or inactivate bacterial or other
microorganisms. For instance, HINS light having a peak wavelength in the range of
about 380 nanometers (nm) to about 420 nm (e.g., 405 nm) has been shown to

inactivate certain microorganisms, such as certain gram-positive bacteria.

SUMMARY
[0004]  Aspects and advantages of embodiments of the present disclosure will be
set forth in part in the following description, or may be learned from the description,
or may be learned through practice of the embodiments.
[0005]  One example aspect of the present disclosure is directed to a method for
controlling operation of a lighting system. The method includes operating the lighting
system in a first mode to provide a first light output during a time period. The first
light output can be a blend of HINS light and non-HINS light. The method includes
determining, by one or more control devices, a dosage amount of HINS light provided
during the time period. In addition, the method includes operating the lighting system
in a second mode to provide a second light output based, at least in part, on the dosage
amount. The second light output can be HINS light or a blend of HINS light and non-
HINS light. Furthermore, spectral energy associated with the HINS light in the second
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light output can be greater than the spectral energy associated with the HINS light in
the first light output.

[0006]  Another example aspect of the present disclosure is directed to a lighting
system. The lighting system includes one or more first light source configured to emit
HINS light. The lighting system further includes one or more second light sources
configured to emit at least non-HINS light. The lighting system includes one or more
control devices. The one or more control devices are configured to operate the
lighting system in a first mode to provide a first light output during a time period. The
first light output includes a blend of the HINS light emitted from the one or more first
light sources and non-HINS light emitted from the one or more second light sources.
The one or more control devices are further configured to determine a dosage amount
of HINS light provided during the time period. The one or more control devices are
further configured to operate the lighting system in a second mode to provide a
second light output based, at least in part, on the dosage amount. The second light
output includes HINS light or a blend of HINS light and non-HINS light.
Furthermore, the spectral energy associated with HINS light in the second light output
is greater than spectral energy associated with the HINS light in the first light output.
[0007]  These and other features, aspects and advantages of various embodiments
will become better understood with reference to the following description and
appended claims. The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the present disclosure

and, together with the description, serve to explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]  Detailed discussion of embodiments directed to one of ordinary skill in the
art are set forth in the specification, which makes reference to the appended figures, in
which:
[0009]  FIG. 1 depicts an overview of an example lighting system according to
example embodiments of the present disclosure;
[0010]  FIG. 2 depicts components of an example lighting fixture of a lighting

system according to example embodiments of the present disclosure;
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[0011]  FIG. 3 depicts components of an example lighting fixture of a lighting
system according to example embodiments of the present disclosure;
[0012]  FIG. 4 depicts an example dosage feedback sensor according to example
embodiments of the present disclosure;
[0013]  FIG. 5 depicts a flow diagram of a method for controlling operation of a
lighting system according to example embodiments of the present disclosure;
[0014]  FIG. 6 depicts a flow diagram of a method for determining a dosage
amount of HINS light provided by a lighting system during a time period according to
example embodiments of the present disclosure;
[0015]  FIG. 7 depicts a flow diagram of another method for determining a dosage
amount of HINS light provided by a lighting system during a time period according to
example embodiments of the present disclosure;
[0016]  FIG. 8 depicts a flow diagram of a method for determining a duration to
provide a second light output according to example embodiments of the present
disclosure;
[0017]  FIG. 9 depicts a flow diagram of a method for controlling operation of a
lighting system according to example embodiments of the present disclosure; and
[0018]  FIG. 10 depicts components of an example lighting fixture of a lighting
system according to example embodiments of the present disclosure.

DETAILED DESCRIPTION
[0019]  Reference now will be made in detail to embodiments, one or more
examples of which are illustrated in the drawings. Each example is provided by way
of explanation of the embodiments, not limitation of the present disclosure. In fact, it
will be apparent to those skilled in the art that various modifications and variations
can be made to the embodiments without departing from the scope or spirit of the
present disclosure. For instance, features illustrated or described as part of one
embodiment can be used with another embodiment to yield a still further
embodiment. Thus, it is intended that aspects of the present disclosure cover such
modifications and variations.
[0020]  Example aspects of the present disclosure are directed to lighting systems.
In some implementations, the lighting system can include one or more first light

sources and one or more second light sources. The one or more first light sources can
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be configured to emit HINS light. The one or more second light sources can be
configured to emit at least non-HINS light. In some implementations, the one or more
second light sources can be configured to emit HINS light and non-HINS light.
[0021]  The lighting system can include one or more control devices configured to
control operation of the lighting system. The one or more control devices can be
configured to operate the lighting system in a first mode to provide a first light output
during a time period. The first light output can include a blend of HINS light and non-
HINS light. For instance, in some implementations, spectral energy associated with
the HINS light in the first light output can be less than about 20% of a total spectral
energy associated with the first light output.

[0022]  In some implementations, the time period can correspond to a user-defined
time period. For instance, a user can specify a duration of the time period via a user-
device. In some implementations, the user device can be a mobile computing device
(e.g., smartphone, tablet, etc.) that is communicatively coupled with the one or more
control devices via a network.

[0023]  The one or more control devices can be configured to determine a dosage
amount of HINS light provided during the time period. In some implementations, the
one or more control devices can be configured to determine a duration the lighting
system provides the first light output during the time period. Furthermore, the one or
more control devices can be configured to determine an intensity of the HINS light
provided as part of the first light output during the time period. In this manner, the one
or more control devices can determine the dosage amount based, at least in part, on
the duration and the intensity of the HINS light provided as part of the first light
output during the time period.

[0024]  In some implementations, the one or more control devices can be
configured to obtain data from a dosage feedback sensor associated with a space
illuminated by the lighting system. For instance, the dosage feedback sensor can
include one or more sensors configured to measure optical properties of the light
illuminating the space. The optical properties can include, for instance, one or more
wavelengths associated with the light and/or an intensity associated with the light.
The one or more control devices can be configured to determine the dosage amount

based, at least in part, on the data obtained from the dosage feedback sensor.
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[0025]  In some implementations, the one or more control devices can be
configured to determine the dosage amount for a surface illuminated by the lighting
system. For instance, in some implementations, the one or more control devices can
be configured to determine the dosage amount as a function of a distance the one or
more light sources are from the surface.

[0026]  In some implementations, the one or more control devices can be
configured to operate the lighting system in a second mode to provide a second light
output. The second light output can be HINS light or a blend of HINS light and non-
HINS light. Furthermore, spectral energy associated with HINS light in the second
light output can be greater than spectral energy associated with HINS light in the first
light output. For instance, in some implementations, the spectral energy associated
with HINS light in the second light output can be greater than about 20% of a total
spectral energy associated with the second light output.

[0027]  In some implementations, the one or more control devices can be
configured to determine a duration to provide the second light output based, at least in
part on the dosage amount. For instance, the one or more control devices can be
configured to compare the dosage amount to a threshold dosage amount. The
threshold dosage amount can correspond to an amount of HINS light to be provided
during the time period. In some implementations, the threshold dosage amount can be
specified by a user. For instance, a user can enter the threshold dosage amount via a
graphical user interface displayed on a mobile computing device that is
communicatively coupled with the one or more control devices.

[0028]  In some implementations, the one or more control devices can be
configured to determine the duration to provide the second light output based, at least
in part, on a difference between the dosage amount and the threshold dosage amount.
For instance, the one or more control devices can be configured to determine the
duration to provide the second light output as a function of intensity of the HINS light
in the second light output and the difference between the dosage amount and the
threshold dosage amount.

[0029]  In some implementations, the one or more control devices can be
configured to switch operation of the lighting system between the first mode and the

second mode based, at least in part, on data obtained from an occupancy sensor
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associated with the space illuminated by the lighting system. When the data obtained
from the occupancy sensor indicates presence of one or more persons within the
space, the one or more control devices can be configured to control operation of the
lighting system such that the lighting system operates in the first mode. Conversely,
the one or more control devices can control operation of the lighting system such that
the lighting system operates in the second mode when the data from the occupancy
sensor indicate one or more persons are not present within the space.

[0030]  In some implementations, operation of the lighting system can switch
between the first mode and the second mode as data obtained from the occupancy
sensor indicates one or more users entering and exiting the space illuminated by the
lighting system. In such implementations, the one or more control devices can be
configured to determine a total dosage amount associated with the first light output
and the second light output during the time period. Furthermore, the one or more
control devices can be configured to determine a difference between the total dosage
amount and a threshold dosage amount of HINS light needed for antimicrobial
purposes. As such, the one or more control devices can be further configured to
operate the lighting system in the second mode to provide an additional dosage of
HINS light needed such that the space is illuminated with at least the threshold dosage
amount of HINS light needed for antimicrobial purposes.

[0031]  The lighting system of the present disclosure can provide numerous
technical benefits. For instance, as discussed above, the one or more control devices
can be configured to determine a difference between a dosage amount of HINS light
provided during a time period and a threshold dosage amount. Furthermore, the one or
more control devices can be configured to operate the lighting system in the second
mode to dose the space with an additional amount of HINS light needed such that the
space is illuminated with at least the threshold dosage amount of HINS light. In this
manner, operation of the lighting system can be improved such that spaces
illuminated by the lighting system can be dosed with a sufficient amount of HINS
light needed for antimicrobial purposes.

[0032]  Asused herein, a lighting system can include, but is not limited to, one or
more of a lighting circuit, light engine, one or more luminaires, one or more lighting

fixtures, one or more lighting units, a plurality of lighting devices arranged in an
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environment, a combination of any of the foregoing, etc. HINS light refers to light
having at least one peak wavelength in the range of about 380 nanometers (nm) to
about 420nm, such as about 400 nm to about 420 nm, such as about 405 nm. Non-
HINS light refers to light in the visible spectrum, but outside the HINS range of 380
nm to 405 nm. As used herein, the use of the term “about” in conjunction with a
numerical value refers to within 5% of the stated numerical value.

[0033]  Referring now to the FIGS, FIG. 1 depicts a lighting system 100 according
to example embodiments of the present disclosure. The lighting system 100 can
include a plurality of lighting fixtures 105. Each of the lighting fixtures 105 can be
configured to provide light 110 to illuminate a space 50 and/or a surface 60. One or
more of the lighting fixtures 105 can include one or more HINS light sources (e.g.,
HINS LEDs). The HINS light sources can be configured to emit HINS light (e.g., as
all or as a part of light 110) into space 50 and/or onto surface 60 for various purposes,
such as antimicrobial purposes. Optionally, the lighting fixtures 105 can include one
or more non-HINS light sources. The HINS light can be combined with other
wavelengths of light emitted by the non-HINS light sources, for instance through
electroluminescence or photoluminescence, to create visible white light or other
desired effects.

[0034]  As shown, the lighting system 100 can include a dosage feedback sensor
120. The dosage feedback sensor 120 can be a device that is placed on the surface 60
illuminated by the light 110. The dosage feedback sensor 120 can include optical
sensors and/or other measurement devices configured to measure characteristics of the
light 110, including HINS light, emitted onto the surface 60. Furthermore, although
the dosage feedback sensor 120 of FIG. 1 is configured with a circular shape/form
factor, it should be appreciated that the dosage feedback sensor can take any suitable
shape or form factor without deviation from the scope of the present disclosure.
[0035]  In some implementations, the lighting system 100 can include an
occupancy sensor 140 disposed within the space 50 illuminated by the lighting system
100. The occupancy sensor 140 can include any suitable device configured to obtain
data indicative of whether one or more persons are present within the space 50. For
instance, the occupancy sensor 140 can include one or more motion detectors (e.g.,

PIR sensors) positioned at different locations within the space 50. In this manner, the
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one or more motion detectors can obtain data indicative of whether a person is present
within the space 50.

[0036]  As shown, the lighting system 100 can include one or more control devices
160. In some implementations, the one or more control devices 160 can be onboard
the plurality of lighting fixtures 105. In alternative implementations, the one or more
control devices 160 can be remote relative to the lighting fixtures 105 and
communicatively coupled to the plurality of lighting fixture 105 via a network 150
(e.g., wired or wireless).

[0037]  In some implementations, the one or more control devices 160 can be
communicatively coupled to the dosage feedback sensor 120 and the occupancy
sensor 140 via the network 150. In this manner, the one or more control devices 160
can obtain data 130 from the dosage feedback sensor 120 and data from the
occupancy sensor 140, The one or more control devices 160 can include one or more
processors 162 and one or more memory devices 164. As such, the one or more
control devices 160 can process the data 130 obtained from the dosage feedback
sensor 120, the data obtained from the occupancy sensor 140, or both. As will be
discussed below in more detail, the one or more control devices 160 can be
configured to control operation of the lighting system 100 based, at least in part, on
the data 130 obtained from the dosage feedback sensor 120, the data obtained from
the occupancy sensor 140, or both.

[0038]  FIG. 2 depicts a block diagram of example components of a lighting
fixture 105 of the lighting system 100 (FIG. 1) according to example embodiments of
the present disclosure. The components shown in FIG. 2 are illustrated as part of the
same lighting fixture 105. However, those of ordinary skill in the art, using the
disclosures provided herein, will understand that one or more of the components can
be distributed across multiple platforms, lighting fixtures, systems, etc.

[0039]  As shown, the lighting fixture 105 can include an LED driver circuit 210, a
control circuit 250, one or more first light sources 220 configured to emit HINS light,
and one or more second light sources 230 configured to emit at least non-HINS light.
The one or more first light sources 220 and the one or more second light sources 230

can be arranged in any suitable manner.
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[0040]  Optionally, as shown in FIG. 2, the one or more first light sources 220 can
emit light through a first optic 228 so as to provide light associated with a first
distribution. The one or more second light sources 230 can emit light through a
second optic 238 so as to provide light associated with a second distribution. The first
distribution can be different from the second distribution. In this way, the distribution
of HINS light relative to non-HINS light in a lighting system can be more specifically
controlled, for instance, to illuminate specific surfaces for antimicrobial purposes. The
non-HINS light sources can provide light using a distribution to provide general
illumination for the space 50 and/or surface 60.

[0041]  The driver circuit 210 can be, for instance, any suitable driver circuit
configured to convert an input power (e.g., an input AC or DC power) to a suitable
driver output (e.g. driver current) for powering the one or more first light sources 220
and the one or more second light sources 230. In some embodiments, the driver
circuit 210 can be a dimmable driver circuit. The driver circuit 210 is illustrated as a
multichannel driver circuit configured to power the one or more first light sources 220
over a first channel 225 and to power the one or more second light sources 230 over a
second channel 235. Other suitable arrangements can be used to provide power to the
one or more first light sources 220 and the one or more second light sources 230
without deviating from the scope of the present disclosure. For instance, independent
driver circuits can be used to power the one or more first light sources 220 and the
one or more second light sources 230. In some implementations, the driver circuit 210
can be implemented on the same circuit board as the one or more first light sources
220 and/or the one or more second light sources 230.

[0042]  In some implementations, the dimmable driver circuit 210 can include
various components, such as switching elements (e.g. transistors) that are controlled
to provide a suitable driver output. For instance, in some implementations, the driver
circuit 210 can include one or more transistors. Gate timing commands can be
provided to the one or more transistors to convert the input power to a suitable driver
output using pulse width modulation techniques. In some implementations, the
dimmable driver circuit 210 can be a line dimming driver, such as a phase-cut

dimmable driver, Triac dimmer, trailing edge dimmer, or other line dimming driver.
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The driver output can be adjusted using the line dimming driver by controlling the
input power to the dimmable driver circuit 210,

[0043]  In some implementations, an interface 260 can be provided at the driver
circuit 210 for receiving a dimming control signal used to control the driver output.
The interface 260 can include one or more components for communicating a dimming
control signal to the driver circuit 210. For example, the interface 260 can include one
or more circuits, terminals, pins, contacts, conductors, or other components for
communicating a dimming control signal to the driver circuit 210.

[0044]  The dimming control signal can be provided from an external circuit, such
as an external dimming circuit or external control device. The external circuit can
include one or more devices, such as a smart dimming interface, a potentiometer, a
Zener diode, or other device. In some implementations, the dimming control signal
can be received from the control circuit 250. In some implementations, the dimming
control signal can be a 0V to 10V dimming control signal. The dimming control
signal can be implemented using other suitable protocols, such as a DALI protocol, or
a DMX protocol.

[0045]  In some implementations, the dimming control signal can be received from
a remote device over a wireless communication medium or other communication
medium. Example communication technologies can include, for instance, Bluetooth
low energy, Bluetooth mesh networking, near-field communication, Thread, TLS
(Transport Layer Security), Wi-Fi (e.g., IEEE, 802.11), Wi-F1 Direct (for peer-to-peer
communication), Z-Wave, Zigbee, Halow, cellular communication, LTE, low-power
wide area networking, VSAT, Ethernet, MoCA (Multimedia over Coax Alliance),
PLC (Power-line communication), DLT (digital line transmission), etc. Other suitable
wired and/or wireless communication technologies can be used without deviating
from the scope of the present disclosure.

[0046]  The control circuit 250 can be configured to control the delivery of power
to the one or more first light sources 220 and the one or more second light sources
230 from the driver circuit 210 to provide various lighting effects, such as for
providing a combined light output from the one or more first light sources 220 and the
one or more second light sources 230 of a desired color and/or color temperature or

other lighting effect. For example, the control circuit 250 can independently control
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the driver output provided over the first channel 225 and the second channel 235 so
that the light output of the one or more first light sources 220 and the one or more
second light sources 230 can be independently controlled to achieve desired lighting
effects.

[0047]  Asillustrated, the control circuit 250 can include one or more processors
252 and one or more memory devices 254. The one or more memory devices 254 can
store computer-readable instructions that, when executed by the one or more
processors 252, cause the one or more processors 252 to provide control functionality
according to example aspects of the present disclosure. For instance, the one or more
memory devices 254 can store computer-readable instructions that, when executed by
the one or more processors 252, cause the control circuit 250 to control the light
output of the lighting fixture 105 according to one or more control schemes. The
control schemes can be pre-programmed into the memory devices 254 or may be
programmed by a user from time-to-time in one or memory devices 254 using a
suitable user interface.

[0048]  The control circuit 250 can be implemented on the same circuit board as
the driver circuit 210 or can be located remote from the driver circuit 210 and/or the
lighting fixture 105. In some implementations, the control circuit 250 can control the
driver circuit 210 over a suitable communication medium, such as a wired or wireless
communication medium.

[0049]  In some implementations, the control circuit 250 can include an interface
270 for receiving a lighting control signal or other control signal. The interface 270
can include one or more components for communicating the lighting control signal to
the control circuit 250. For example, the interface 270 can include one or more
circuits, terminals, pins, contacts, conductors, transmitters, receivers, transceivers, or
other components for communicating the lighting control signal.

[0050]  In some implementations, the interface 270 can receive a lighting control
signal over a wireless communication interface. Example communication
technologies can include, for instance, Bluetooth low energy, Bluetooth mesh
networking, near-field communication, Thread, TLS (Transport Layer Security), Wi-
Fi(e.g., IEEE, 802.11), Wi-Fi Direct (for peer-to-peer communication), Z-Wave,

Zigbee, Halow, cellular communication, LTE, low-power wide area networking,
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VSAT, Ethernet, MoCA (Multimedia over Coax Alliance), PLC (Power-line
communication), DLT (digital line transmission), etc. Other suitable wired and/or
wireless communication technologies can be used without deviating from the scope of
the present disclosure.

[0051]  The control circuit 250 and/or lighting control signal can specify control of
the lighting fixture 105 (e.g., the amount of driver output to provide to the one or
more first light sources 220 and the one or more second light sources 230) based on
various parameters and/or control schemes to provide smart control functionality. For
example, the control circuit 250 can receive signals from one or more sensors 240
(e.g., optical sensors, motion sensors, etc.) and control light output of the one or more
first light sources 220 and the one or more second light sources 230 so that the light
output of the lighting fixture 105 meets desired requirements (e.g., a specified amount
of HINS light for antimicrobial purposes).

[0052]  As another example, the control circuit 250 can adjust the combined light
output of the lighting fixture 105 according to a defined light profile based at least in
part on a signal 256 associated with a real time clock. The defined light profile can
specify an adjustment in the color temperature and/or other characteristics of the
collective light output over time based at least in part on entrainment of a circadian
thythm of a living organism exposed to the light output and/or based on user settings
or preferences. For instance, in some implementations, the defined light profile can be
defined at least in part on a natural day/mnight cycle.

[0053]  As another example, the color temperature or other characteristics of the
combined light can be controlled based on data indicative of user preferences. For
instance, if a user prefers a more bluish color temperature, the one or more first light
sources 220 and the one or more second light sources 230 can be controlled to provide
a combined light output with a more bluish color temperature. If a user prefers a more
reddish color temperature, the one or more first light sources 220 and the one or more
second light sources 230 can be controlled to provide a combined light output with a
more reddish color temperature. The data indicative of user preferences can be
obtained or accessed from, for instance, user devices (e.g., smartphones, tablets,
fitness trackers) carried by a user and communicated to the lighting system 100 over a

suitable communication medium or media.
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[0054]  Referring now to FIG. 3, a block diagram of another embodiment of the
lighting fixture 105 is provided according to example embodiments of the present
disclosure. As shown, the lighting fixture 105 can include an LED driver circuit 310,
a current splitter circuit 320, one or more first light sources 330 and one or more
second light sources 340. The one or more first light sources 330 and one or more
second light sources 340 can be arranged in any suitable manner. The one or more
first light sources 330 can be configured to emit HINS light. The one or more second
light sources 340 can be configured to emit at least non-HINS light. In some
implementations, the one or more second light sources 340 can be configured to emit
a blend of HINS light and non-HINS light.

[0055]  The LED driver circuit 310 can be configured to receive an input power,
such as an input AC power or an input DC power, and can convert the input power to
a suitable driver output (e.g. driver current) for powering the plurality of LED arrays.
In some embodiments, the driver circuit 310 can be a dimmable driver circuit. The
dimmable driver circuit 310 can include various components, such as switching
elements (e.g. transistors) that are controlled to provide a suitable driver output. For
instance, in one embodiment, the driver circuit 310 can include one or more
transistors. Gate timing commands can be provided to the one or more transistors to
convert the input power to a suitable driver output using pulse width modulation
techniques. In some example embodiments, the dimmable driver circuit 310 can be a
line dimming driver, such as a phase-cut dimmable driver, Triac dimmer, trailing edge
dimmer, or other line dimming driver. The driver output can be adjusted using the line
dimming driver by controlling the input power to the dimmable driver circuit.

[0056]  Alternatively or additionally, a first interface 350 can be provided at the
dimmable driver circuit 310 for receiving a dimming control signal used to control the
driver output. The first interface 350 can include one or more components for
communicating the dimming control signal to the driver circuit 310. For example, the
first interface 350 can include one or more circuits, terminals, pins, contacts,
conductors, receivers, transmitters, transceivers, or other components for
communicating the dimming control signal to the driver circuit 310.

[0057]  The dimming control signal can be provided from an external circuit, such

as an external dimming circuit. The exteral circuit can include one or more devices,
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such as a smart dimming interface, a potentiometer, a Zener diode, or other device. In
one example implementation, the dimming control signal can be a 0V to 10V
dimming control signal, depending on the output of the external circuit. For instance,
if a user manually adjusts a dimmer, the dimming control signal can be adjusted from,
for instance, OV to 5V. The dimming control signal can be implemented using other
suitable protocols, such as a digital addressable lighting interface (DALI) lighting
control signal, digital multiplex (DMX) lighting control signal, or other suitable
protocol.

[0058]  In some implementations, the dimming control signal can be received from
a remote device over a wireless communication medium or other communication
medium. Example communication technologies can include, for instance, Bluetooth
low energy, Bluetooth mesh networking, near-field communication, Thread, TLS
(Transport Layer Security), Wi-Fi (e.g., IEEE, 802.11), Wi-Fi Direct (for peer-to-peer
communication), Z-Wave, Zigbee, Halow, cellular communication, LTE, low-power
wide area networking, VSAT, Ethernet, MoCA (Multimedia over Coax Alliance),
PLC (Power-line communication), DLT (digital line transmission), etc. Other suitable
wired and/or wireless communication technologies can be used without deviating
from the scope of the present disclosure.

[0059]  The driver circuit 310 can be configured to adjust the driver output based,
at least in part, on the dimming control signal. As a result, the light output of the one
or more first light sources 330 and the one or more second light sources 340 can be
simultaneously adjusted (e.g. dimmed) by varying the dimming control signal.

[0060]  Asillustrated in FIG. 3, the driver output can be provided to a current
splitter circuit 320. The current splitter circuit 320 can be configured to split the driver
output into a first current for powering the one or more first light sources 330 and a
second current for powering the one or more second light sources 340. In this way,
the current splitter circuit 320 can be used to adjust the light output of the one or more
first light sources 330 relative to the light output of the one or more second light
sources 340. The current splitter circuit 320 can be configured to control the current
ratio of the first current provided to the one or more first light sources 330 relative to
the second current provided to the one or more second light sources 340 based on a

lighting control signal.
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[0061]  In some implementations, the current splitter circuit 320 can include one or
more switching elements (e.g., transistors) used to control a current provided to the
one or more first light sources 330. The current splitter circuit 320 can include one or
more switching elements (e.g., transistor) used to a control a current provided to the
one or more second light sources 340. The switching elements can be controlled using
pulse width modulation to split the current from the driver circuit 310 among the one
or more first light sources 330 and the one or more second light sources 340
according to a lighting control signal.

[0062]  More particularly, a second interface 360 provided at the current splitter
circuit 320 can receive a lighting control signal (e.g., variable reference signal). The
second interface 360 can include one or more components for communicating the
variable reference signal to the current splitter circuit 320. For example, the second
interface 360 can include one or more circuits, terminals, pins, contacts, conductors,
receivers, transmitters, transceivers, or other components for communicating a
variable reference signal to the current splitter circuit 320.

[0063]  The control signal can be provided from an external circuit, such as an
external dimming circuit, over for instance, a network. The external circuit can
include one or more devices, such as a smart dimming interface, remote control,
control interface, a potentiometer, a Zener diode, or other device. The control signal
can be a 0V to 10V lighting control signal, depending on the output of the external
circuit. The control signal can be implemented using other suitable protocols, such as
a DALI protocol, or a DMX protocol.

[0064]  In some implementations, the lighting control signal can be received from
a remote device over a wireless communication medium or other communication
medium. Example communication technologies can include, for instance, Bluetooth
low energy, Bluetooth mesh networking, near-field communication, Thread, TLS
(Transport Layer Security), Wi-Fi (e.g., IEEE, 802.11), Wi-Fi Direct (for peer-to-peer
communication), Z-Wave, Zigbee, Halow, cellular communication, LTE, low-power
wide area networking, VSAT, Ethernet, MoCA (Multimedia over Coax Alliance),
PLC (Power-line communication), DLT (digital line transmission), etc. Other suitable
wired and/or wireless communication technologies can be used without deviating

from the scope of the present disclosure.



WO 2020/190458 PCT/US2020/019604
16

[0065]  The current splitter circuit 320 can include one or more control devices
(e.g. amicroprocessor, a microcontroller, logic device, etc.) and one or more
switching elements (e.g. transistors) in line with each of the one or more first light
sources 330 and the one or more second light sources 340. The control device(s) can
control the amount of current provided to the one or more first light sources 330 and
the one or more second light sources 340 by controlling the switching elements. The
switching elements used to control the amount of current provided to the one or more
first light sources 330 and the one or more second light sources 340 can be either on
the low voltage side of the LED arrays or the high voltage side of the one or more first
light sources 330 and the one or more second light sources 340.

[0066]  In particular aspects, the control device(s) can control the current provided
to the one or more first light sources 330 and the one or more second light sources
340 according to a current ratio control curve based on the variable reference signal.
The current ratio control curve can be stored in firmware or stored in a memory
accessible by the control device(s). The current ratio control curve can specify the
current ratio of the first current provided to the one or more first light sources 330 and
the one or more second light sources 340 as a function of at least the control signal.
[0067]  The control device(s) of the current splitter circuit 320 can specify control
of the lighting fixture 105 (e.g., the amount of driver output to provide to the one or
more first light sources 330 and the one or more second light sources 340) based on
various parameters and/or control schemes to provide smart control functionality. For
example, the current splitter circuit 320 can receive signals from one or more sensors
(e.g., optical sensors, motion sensors, etc.) and can control light output of the one or
more first light sources 330 and the one or more second light sources 340 so that the
light output of the lighting system 300 meets desired requirements (e.g., a specified
amount of HINS light for antimicrobial purposes).

[0068]  As another example, the current splitter circuit 320 can adjust the
combined light output of the lighting fixture 105 according to a defined light profile
based at least in part on a signal associated with a real time clock. The defined light
profile can specify an adjustment in the color temperature of the collective light
output over time based at least in part on entrainment of a circadian rhythm of a living

organism exposed to the light output and/or based on user settings or preferences. For
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instance, in some embodiments, the defined light profile can be defined at least in part
on a natural day/night cycle. Other suitable defined light profiles can be used without
deviating from the scope of the present disclosure.

[0069]  As yet another example, the color temperature or other characteristics of
the combined light can be controlled based on data indicative of user preferences. For
instance, if a user prefers a more bluish color temperature, the current splitter circuit
320 can be controlled to provide a combined light output with a more bluish color
temperature. If a user prefers a more reddish color temperature, the current splitter
circuit 320 can be controlled to provide a combined light output with a more reddish
color temperature. The data indicative of user preferences can be obtained or accessed
from, for instance, user devices (e.g., smartphones, tablets, fitness trackers) carried by
a user and communicated to a lighting system over a suitable communication medium
or media.

[0070]  Referring now to FIG. 4, components of an example dosage feedback
sensor 120 are provided according to present disclosure. As shown, the dosage
feedback sensor 120 can include one or more optical sensors 122, one or more control
circuits 124, and a power source 126. The one or more optical sensors 122 can be
configured to measure optical properties of light 110 (FIG. 1) emitted onto the dosage
feedback sensor 120 and to generate one or more signals indicative of optical
properties associated with the light 110. The optical properties can include, for
instance, one or more wavelengths associated with the light and/or an intensity
associated with the light. The one or more optical sensors 122 can include, for
instance, a spectrometer, one or more photodiodes, devices for converting light into
electrical signals, other sensors, or combination of the foregoing,

[0071]  The one or more signals indicative of the optical properties of the light can
be provided to the one or more control circuits 124 of the dosage feedback sensor 120.
The one or more control circuits 124 can process the one or more signals and provide
the data 130 (FIG. 1) indicative of the one or more optical properties to the one or
more control devices 160 (FIG. 1) via the network 150 (FIG. 1).

[0072]  The power source 126 of the dosage feedback sensor 120 can be any
suitable power source for powering the various components of the dosage feedback

sensor 120. In some implementations, the power source 126 can be a battery power
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source, solar power source, or other suitable power source so that the dosage feedback
sensor 120 does not need to be hard wired to a power source for operation,

[0073]  Referring now to FIG. 5, a flow diagram of one example method (500) for
controlling operation of a lighting system is provided according to example
embodiments of the present disclosure. The method 500 can be implemented by, for
instance, the one or more control devices 160 of the lighting system 100 discussed
above with reference to FIG. 1. FIG. 5 depicts steps performed in a particular order
for purposes of illustration and discussion. Those of ordinary skill in the art, using the
disclosures provided herein, will understand that various steps of any of the methods
disclosed herein can be omitted, rearranged, expanded, adapted, and/or modified in
various ways without deviating from the scope of the present disclosure.

[0074] At (502), the method 500 can include operating the lighting system in a
first mode to provide a first light output during a time period. In some
implementations, the first light output can be a blend of HINS light and non-HINS
light. Furthermore, in some implementations, the time period can correspond to a
user-defined time period. For instance, in some implementations, the user-defined
time period can be entered via a user device that is in communication with one or
more control devices of the lighting system. Examples of user devices can include,
without limitation, a mobile computing device (e.g., smartphone, tablet, etc.).

[0075] At (504), the method 500 can include determining, by one or more control
devices, a dosage amount of HINS light provided during the time period. Referring
briefly now to FIG. 6, a flow diagram of a method for determining the dosage amount
at (504) is provided according to example embodiments of the present disclosure. At
(602), the method for determining the dosage amount at (504) can include
determining, by the one or more control devices, a duration the lighting system
provides the first light output during the time period. At (604), the method for
determining the dosage amount at (504) can include determining, by the one or more
control devices, an intensity of the HINS light provided as part of the first light output
during the time period. At (606), the method for determining the dosage amount at
(504) can include determining, by the one or more control devices, the dosage amount
based, at least in part, on the duration determined at (602) and the intensity

determined at (604).
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[0076]  Referring briefly now to FIG. 7, a flow diagram of another method for
determining the dosage amount at (504) is provided according to example
embodiments of the present disclosure. At (702), the method for determining the
dosage amount at (504) can include obtaining, by the one or more control devices,
data from a dosage feedback sensor. At (704), the method for determining the dosage
amount at (504) can further includes determining, by the one or more control devices,
the dosage amount based, at least in part, on the data obtained from the dosage
feedback sensor at (702).

[0077]  Referring again to FIG. 5, the method 500 for controlling operation of the
lighting system can include, at (506), determining a duration to provide a second light
output based, at least in part on the dosage amount. Referring briefly now to FIG. 8, a
flow diagram of a method for determining the duration to provide the second light
output is provided according to example embodiments of the present disclosure. At
(802), the method for determining the duration to provide the second light output at
(506) includes determining, by the one or more control devices, a difference between
the dosage amount determined at (506) and a threshold dosage amount. For instance,
the one or more control devices are configured to compare the dosage amount to the
threshold dosage amount to determine whether the dosage amount is different (e.g.,
less than or greater than) the threshold dosage amount. In this manner, the one or
more control devices can determine the difference (e.g., delta) between the dosage
amount and the threshold dosage amount.

[0078] At (804), the method for determining the duration to provide the second
light output at (506) can include determining, by the one or more control devices, the
duration to provide the second light output based, at least in part, on the difference
between the dosage amount and the threshold amount. For example, if the one or
more control devices determine the dosage amount is less than the threshold dosage
amount, the one or more control devices can be configured to determine the duration
to provide the second light output corresponds to an amount of time needed such that
the space is dosed with the threshold dosage amount of HINS light.

[0079]  Referring again to FIG. 5, the method 500 for controlling operation of the
lighting system can include, at (508), operating the lighting system to provide the

second light output. In some implementations, the second lighting output can be HINS



WO 2020/190458 PCT/US2020/019604
20

light. In alternative implementations, the second light output can be a blend of HINS
light and non-HINS light. As will

[0080] Referring now to FIG. 9, another example method 900 for controlling
operation of a lighting system is provided according to example embodiments of the
present disclosure. The method 900 can be implemented by, for instance, the one or
more control devices 160 of the lighting system 100 discussed above with reference to
FIG. 1. FIG. 9 depicts steps performed in a particular order for purposes of illustration
and discussion. Those of ordinary skill in the art, using the disclosures provided
herein, will understand that various steps of any of the methods disclosed herein can
be omitted, rearranged, expanded, adapted, and/or modified in various ways without
deviating from the scope of the present disclosure.

[0081] At (902), the method 900 can include obtaining, by one or more control
devices, data from an occupancy sensor during a time period. In some
implementations, the time period can correspond to a user-defined time period. For
instance, the user-defined time period can span normal business hours (e.g., about 9
AM to about 5 PM). It should be appreciated, however, that the user-defined time
period can span any suitable amount of time.

[0082] At (904), the method 900 can include determining, by the one or more
control devices, whether a space illuminated by the lighting system is occupied by one
or more persons based, at least in part, on the data obtained at (902). When the data
obtained at (902) indicates the space is occupied by one or more persons, the method
900 proceeds to (906). Otherwise, the method 900 proceeds to (908).

[0083] At (906), the method 900 can include operating the lighting system in a
first mode to provide a first light output. In some implementations, the first light
output can be a blend of HINS light and non-HINS light. For example, the HINS light
can be emitted via one or more first light sources of the lighting system, whereas the
non-HINS light can be emitted via one or more second light sources of the lighting
system.

[0084] At (908), the method 900 includes operating the lighting system in a
second mode to provide a second light output. In some implementations, the second
light output can be HINS light. Alternatively, the second light output can be a blend
of HINS light and non-HINS light.
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[0085] At (910), the method 900 can include determining, by the one or more
control devices, whether the time period has expired. If the one or more control
devices determine the time period has expired, the method 900 proceeds to (912).
Otherwise, the method 900 reverts to (902). It should be appreciated that multiple
iterations of steps (902) to (910) can be performed during the time period. In this
manner, the lighting system can switch between the first mode and the second mode
to account for one or more persons entering and exiting the space illuminated by the
lighting system during the time period.

[0086] At (912), the method 900 can include determining, by the one or more
control devices, a dosage amount of HINS light provided during the time period. In
some implementations, the one or more control devices can implement the process
described above with reference to FIG. 6 to determine the dosage amount of HINS
light. In alternative implementations, the one or more control devices can implement
the process described above with reference to FIG. 7 to determine the dosage amount
of HINS light. In implementations in which operation of the lighting system switches
between the first mode and the second mode one or more times during the time
period, the one or more control devices can be configured to determine a total dosage
amount associated with the first light output and the second light output during the
time period.

[0087] At (914), the method 900 can include operating the lighting system in a
second mode to provide a second light output based, at least in part, on the dosage
amount determined at (912). The second light output can include HINS light or a
blend of HINS light. Furthermore, the spectral energy associated with HINS light
included in the second light output can be greater than the spectral energy associated
with the HINS light included in the first light output. For instance, in some
implementations, the spectral energy associated with the HINS light in the first light
output can be less than about 20% of a total spectral energy associated with the first
light output. Conversely, the spectral energy associated with HINS light in the second
light output can be about 100% of a total spectral energy associated with the second
light output.

[0088]  Referring now to FIG. 10, another example lighting fixture 105 of a

lighting system is provided according to the present disclosure. The lighting fixture
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105 can include a driver circuit 210 configured to receive an input current and provide
an output current to one or more strings of light sources. Each string can include one
or more light sources (e.g., LED light sources) coupled in series. Each string can
include both HINS light sources and non-HINS light sources. In this manner, the
lighting fixture 105 can emit a blend of HINS light and non-HINS light.

[0089]  In some implementations, the driver circuit 210 of the lighting fixture 105
can be configured to provide the output current to an array of light sources. The array
of light sources can include multiple strings of light sources coupled in parallel to one
another. For example, the array of light sources can include seven strings of light
sources coupled in parallel to one another. It should be appreciated, however, that the
array of light sources can include more or fewer strings of light sources. For instance,
in some implementations, the array of light sources can include five strings of light
sources arranged in a parallel configuration. It should also be appreciated that each of
the strings included in the array can include any suitable number of light sources
coupled in series. For instance, in some implementations, each string can include
twelve light sources coupled in series.

[0090] In some implementations, three of the twelve light sources included in a
string of the array can be HINS light sources configured to emit HINS light.
Conversely, the remaining light sources included in the string can be non-HINS light
sources configured to emit non-HINS light. For instance, a color temperature of the
non-HINS light emitted from the non-HINS light sources can correspond to a color
temperature associated with white light. In some implementations, the spectral energy
associated with HINS light emitted by the lighting fixture 105 can be less than about
20% of a total spectral energy associated with the light emitted by the lighting fixture.
For instance, the spectral energy associated with HINS light emitted by the lighting
fixture 105 can be between about 13% and 18% of the total spectral energy.

[0091]  In some implementations, the HINS light sources included in a string of
the array can be spaced apart from one another. For instance, two or more non-HINS
light sources 1120 can be coupled between consecutive HINS light sources 1110 in
the string. In this manner, there can be two or more non-HINS light sources 1120

positioned between consecutive HINS light sources 1110 in the string. It should be
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appreciated, however, that any suitable number of non-HINS light sources 1120 can
be coupled between consecutive HINS light sources 1110 in the string,

[0092]  While the present subject matter has been described in detail with respect
to specific example embodiments thereof, it will be appreciated that those skilled in
the art, upon attaining an understanding of the foregoing may readily produce
alterations to, variations of, and equivalents to such embodiments. Accordingly, the
scope of the present disclosure is by way of example rather than by way of limitation,
and the subject disclosure does not preclude inclusion of such modifications,
variations and/or additions to the present subject matter as would be readily apparent

to one of ordinary skill in the art.
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WHAT IS CLAIMED IS:
1. A method for controlling operation of a lighting system, the method
comprising:

operating the lighting system in a first mode to provide a first light output
during a time period, the first light output comprising a blend of high intensity narrow
spectrum (HINS) light and non-HINS light emitted,;

determining, by one or more control devices, a dosage amount of HINS light
provided during the time period;

operating the lighting system in a second mode to provide a second light
output based, at least in part, on the dosage amount, the second light output
comprising HINS light or a blend of HINS light and non-HINS light,

wherein spectral energy associated with HINS light in the second light output
is greater than spectral energy associated with the HINS light in the first light output.

2. The method of claim 1, wherein determining a dosage amount of HINS light
provided during the time period comprises:

determining, by the one or more control devices, a duration the lighting system
provides the first light output during the time period;

determining, by the one or more control devices, an intensity of the HINS light
provided as part of the first light output during the time period; and

determining, by the one or more control devices, the dosage amount based, at

least in part, on the duration and the intensity.

3. The method of claim 1, wherein determining a dosage amount of HINS light
provided during the time period comprises:

obtaining, by the one or more control devices, data from a dosage feedback
sensor; and

determining, by the one or more control devices, the dosage amount based, at

least in part, on the data obtained from the dosage feedback sensor.

4. The method of claim 1, further comprising:
determining, by the one or more control devices, a duration to provide the

second light output based, at least in part, on the dosage amount.
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5. The method of claim 4, wherein determining the duration to provide the
second light output based, at least in part, on the dosage amount comprises:
determining, by the one or more control devices, a difference between the
dosage amount and a threshold dosage amount; and
determining, by the one or more control devices, the duration to provide the
second light output based, at least in part, on the difference between the dosage

amount and the threshold amount.

6. The method of claim 5, wherein determining the duration to provide the
second light output further comprises:

determining, by the one or more control devices, the duration to provide the
second light output as a function of intensity of the HINS light provided as part of the
second light output and the difference between the dosage amount and the threshold

dosage amount.

7. The method of claim 1, wherein the spectral energy associated with the HINS
light in the first light output is less than about 20% of a total spectral energy
associated with the first light output.

8. The method of claim 1, wherein the spectral energy associated with the HINS
light in the second light output is about 100% of a total spectral energy associated
with the second light output.

9. The method of claim 1, further comprising:

obtaining, by the one or more control devices, data from an occupancy sensor
during the time period, the occupancy sensor associated with a space illuminated by
the lighting system; and

controlling, by the one or more control devices, operation of the lighting

system based, at least in part, on the data obtained from the occupancy sensor.

10. The method of claim 9, wherein when the data obtained from the occupancy
sensor indicates presence of one or more persons within the space, controlling
operation of the lighting system comprises:

operating the lighting system in the first mode to provide the first light output.
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11.  The method of claim 9, wherein when the data obtained from the occupancy
sensor indicates one or more persons are not present within the space, controlling
operation of the lighting system comprises:

operating the lighting system in the second mode to provide the second light

output.

12. The method of claim 9, wherein when operation of the lighting system
switches between the first mode and the second mode during the time period,
determining a dosage amount of HINS light provided during the time period
comprises:

determining, by the one or more control devices, a total dosage amount
associated with the first light output and the second light output during the time

period.

13.  The method of claim 1, wherein:

a wavelength of HINS light is within a range of about 380 nanometers to about
420 nanometers; and

a wavelength of non-HINS light is outside the range of about 380 nanometers

to about 420 nanometers.

14, The method of claim 13, wherein the wavelength of the HINS light

corresponds to about 405 nanometers.

15.  The method of claim 1, wherein the dosage amount is determined for a surface

illuminated by the lighting system.

16.  The method of claim 15, wherein the dosage amount is determined as a
function of distance between the surface and one or more light sources of the lighting

system.

17.  Alighting system, comprising:
one or more first light sources configured to emit high intensity narrow

spectrum (HINS) light;
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one or more second light sources configured to emit at least non-HINS light;
and
one or more control devices configured to:
operate the lighting system in a first mode to provide a first light
output during a time period, the first light output comprising a blend of the
HINS light emitted from the one or more first light sources and non-HINS
light emitted from the one or more second light sources;
determine a dosage amount of HINS light provided during the time
period;
operate the lighting system in a second mode to provide a second light
output based, at least in part, on the dosage amount, the second light output
comprising HINS light or a blend of HINS light and non-HINS light,
wherein spectral energy associated with HINS light in the second light
output is greater than spectral energy associated with the HINS light in the
first light output.

18.  The lighting system of claim 17, wherein:

The one or more second light sources comprise a plurality of strings arranged
in a parallel configuration;

each of the plurality of strings includes a plurality of HINS light sources and a
plurality of non-HINS light sources; and

at least one string of the plurality of strings includes two or more non-HINS
light sources positioned between consecutive HINS light sources of the at least one

string.

19.  The lighting system of claim 17, wherein the one or more control devices are
configured to determine the dosage amount provided during the time period based, at
least in part, on:

a duration the lighting system provides the first light output during the time
period; and

an intensity of the HINS light provided as part of the first light output during

the time period.
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20.  Thelighting system of claim 17, wherein the one or more control devices are

further configured to:

determine a duration to provide the second light output based, at least in part,

on the dosage amount.
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