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SYSTEMS AND METHODS FOR PROVIDING WAVE-BASED LIGHTING
EFFICIENCIES

CLAIM OF PRIORITY
[0001] This application claims the benefit of U.S. Provisional Application
Number 62/256,289, filed November 17, 2015 and entitled “Systems and Methods for
Providing Wave-based Lighting Efficiencies,” which is incorporated by reference in its

entirety.

TECHNICAL FIELD
[0002] Embodiments described herein generally relate to systems and methods
for providing wave-based lighting efficiencies and, more specifically, to utilizing

characteristics of an alternating current to increase load efficiency.

BACKGROUND ART
[0003] Lighting and other electrical loads receive the same voltage and current as
any other electrical component connected to the grid. While there are a few different
voltages that may be utilized, generally speaking, there is little control regarding the
power received from an outlet that will be utilized for the load. Accordingly, many
current electrical appliances regulate the received current and/or voltage that are to be
used to power the electrical appliance to provide the components of the electrical
appliance proper power. While these current solutions provide the desired power to the
electrical components, the undesirable byproduct is often heat. As a consequence, fans
and other cooling mechanisms may be required to prevent damage to the electrical

appliance.

SUMMARY OF INVENTION
[0004] Embodiments of wave-based lighting efficiencies are provided. As an
example, a method includes determining a characteristic of a voltage from an alternating
current (AC) waveform, where the AC waveform is configured to power a load, and

wherein the AC waveform includes positive voltage portions, negative voltage portions,



WO 2017/087660 PCT/US2016/062514

and zero axis points. Some embodiments include determining a first position in the AC
waveform to create a first step with a first step voltage and applying the AC waveform at
the first step to a first predetermined portion of the load, where the first predetermined
portion of the load has a first voltage rating that corresponds to the first step voltage.
[0005] Also included are embodiments of a system that include a load that
includes a plurality of individual devices and a computing component that is coupled to
the load. The computing component may include a processor and a memory component
that stores logic that, when executed by the processor, causes the system to determine an
alternating current (AC) voltage at a plurality of times, where the voltage is configured to
power the load and determine a first predetermined portion of the load that includes at
least one of the plurality of individual devices. In some embodiments, the logic causes
the system to determine a first voltage rating for the first predetermined portion of the
load, determine a first position in the AC voltage to create a first step with a first step
voltage that corresponds with the first voltage rating, and apply the AC voltage at the
first step to the first predetermined portion of the load.

[0006] Also included are embodiments of a device. At least one embodiment
includes a computing device that includes logic that, when executed by processor, causes
the device to determine a characteristic of a voltage received for powering a load, where
the voltage includes positive voltage portions, negative voltage portions, and zero axis
points and where the load includes a plurality of individual devices. In some
embodiments, the logic further causes the device to allocate a first predetermined portion
of the load based on at least one of the plurality of individual devices, determine a
voltage rating of the first predetermined portion of the load, and determine a first
position of the voltage to create a first step with a first step voltage, where the first step
voltage corresponds with a first voltage rating of the first predetermined portion of the
load. In some embodiments, the logic causes the device to apply the voltage at the first

step to the first predetermined portion of the load.

BRIEF DESCRIPTION OF DRAWINGS
[0007] The embodiments set forth in the drawings are illustrative and exemplary

in nature and not intended to limit the disclosure. The following detailed description of
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the illustrative embodiments can be understood when read in conjunction with the
following drawings, where like structure is indicated with like reference numerals and in
which:

[0008] FIG. 1 depicts an electrical environment for providing wave-based
lighting efficiencies, according to embodiments described herein;

[0009] FIG. 2 depicts a lighting device for providing wave-based lighting
efficiencies, according to embodiments described herein;

[0010] FIG. 3 depicts another embodiment of a computing component, according
to embodiments described herein;

[0011] FIGS. 4A and 4B depict alternating current waveforms that may be
utilized for providing wave-based lighting efficiencies, according to embodiments
described herein;

[0012] FIGS. 5A and 5B depict user interfaces that provide a platform for
determining a first voltage step, according to embodiments described herein;

[0013] FIGS. 6A and 6B depict user interfaces that provide a platform for
determining a second voltage step and a third voltage step, according to embodiments
described herein;

[0014] FIGS. 7A and 7B depict user interfaces that provide a fourth voltage step
and a fifth voltage step on a backside of a waveform, according to embodiments
described herein;

[0015] FIGS. 8A-8C depict user interfaces that provide data regarding the
specified voltage steps, according to embodiments described herein; and

[0016] FIG. 9 depicts a flowchart for providing wave-based lighting efficiencies,

according to embodiments described herein.

DESCRIPTION OF EMBODIMENTS
[0017] Embodiments disclosed herein include systems and methods for providing
wave-based lighting efficiencies. Some embodiments may be configured to create at
least one voltage step in alternating current input power and activating a first set of loads
at a first voltage step (at a first position in the voltage) and a second set of loads at a

second voltage step (at a second position in the voltage). The voltage steps may be
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determined, based on a calculated or predicted voltage level of alternating current power
at a first time, a second time, etc. Based on the calculated voltage level and the first
time, second, time, etc. the embodiments described herein may activate portions of a load
that have voltage requirements that correspond the voltage level of the power at that
time. The systems and methods for providing wave-based lighting efficiencies
incorporating the same will be described in more detail, below.

[0018] Referring now to the drawings, FIG. 1 depicts an electrical environment
for providing wave-based lighting efficiencies, according to embodiments described
herein. As illustrated, the environment may include a network 100, a power generation
facility 102, a lighting device 104 (or other load), and a remote computing device 106.
The network 100 may include a power network for communicating power and/or a data
network for communicating data (such as public switch telephone network, internet,
cellular, etc.). The power generation facility 102 may include any power source, such as
a power generator, such as a coal plant, a solar plant, hydro-electric plant, a wind energy
collection system, geothermal system, a generator, or any other device, system, or
facility for generating electricity. Additionally, the power generation facility 102 may
output the power at a predetermined amperage and/or voltage and may output the power
as alternating current (AC) power. The power generation facility 102 may communicate
power to the lighting device 104 and/or other load, which may utilize the power
accordingly. The remote computing device 106 may be configured for communicating
data, settings, etc. with the lighting device 104, the power generation facility 102, and/or
other devices on the network 100.

[0019] FIG. 2 depicts a lighting device 104 for providing wave-based lighting
efficiencies, according to embodiments described herein. As illustrated, the lighting
device 104 includes a computing component 208 and a load component 210. The
computing component 208 may include a processor 212, a memory component 214
(and/or other non-transitory computer readable medium), a rectifier 216, and/or other
components for performing the functionality described herein. The memory component
214 may include program code, logic, circuitry, and/or other hardware, software and/or
firmware for implementing one or more lighting configurations, based on received power

as well as program code for selecting a desired lighting configuration. The processor



WO 2017/087660 PCT/US2016/062514

212 may receive and execute the code. The rectifier 216 may receive power from the
power generation facility 102 (FIG. 1), as well as instructions on rectifying the received
power.

[0020] As an example, the computing component 208 may determine that the
power being received is 120 volt AC and may rectify the received voltage by switching
at least one negative voltage portion (or negative voltage portions) into a positive voltage
portion. Specifically, a characteristic of the received power may be determined. The
characteristic may include a maximum predicted voltage, a period, a predicted voltage at
a predetermined time, a minimum predicted voltage, a zero cross point, etc. As an
example, the computing component 208 of the lighting device 104 may predict a time
that the received and rectified AC power will reach predetermined voltage levels. With
this information, the computing component 208 may determine the number of steps to
implement such that the voltage that is actually received is more fully utilized by the load
segment (e.g., first predetermined portion of the load, second predetermined portion of
the load, etc.), such that all or substantially all of the power is actively utilized, thus
reducing the production of heat.

[0021] The load component 210 may include a plurality of individual devices,
such as one or more lighting elements 218a, 218b, and 218c, which may take the form of
light emitting diodes (LEDs). The lighting elements 218 may be configured to operate as
different sets or segments of loads and may be configurable based on the particular
embodiment. Specifically, an analysis may be performed by the computing component
208 to determine a characteristic of the load and/or one or more of the individual devices,
such as a voltage rating of at least one of the plurality of individual devices. As another
example, a first predetermined portion of the load may be determined based on an
analysis of the voltage rating and a determination of individual devices in the load.
Based on this analysis, the computing component 208 may allocate a predetermined
portion of the load to a particular step in the voltage. The predetermined portion of the
load may have a load rating that corresponds with the voltage level of the voltage step.
[0022] It should be understood that while the lighting elements 218 depicted in
FIG. 2 are illustrated as being wired in parallel, this is merely an example. In some

embodiments, the lighting elements 218 may be hard wired in series, with one or more
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connections being placed between at least a portion of the lighting elements 218 such
that the segments are hardwired. Similarly, some embodiments may be configured with
a dynamic and/or programmable configuration of the lighting elements 218, such that the
segments may change, based on the power being received.

[0023] FIG. 3 depicts another embodiment of a computing component 208,
according to embodiments described herein. While FIG. 2 was a generalized diagram
showing various components of the lighting device 104, FIG. 3 depicts a more specific
embodiment of a lighting device 104. As illustrated, the computing component 208
includes the processor 212, which is connected to the rectifier 216, as well as a resistor
304. The resistor 304 may be configured to receive power from the power source and
sample the AC current to determine the characteristic of the waveform. The resistor 304
may be configured reduce voltage to the processor 212 to determine the zero cross point,
as described in more detail below. Also included is the rectifier 216, which may include
a diode 306, a capacitor 308, a resistor 310, a capacitor 312, and a resistor 314. Also
included is a rectifier bridge 316, which together with the other circuit elements rectifies
the input voltage as described herein. As an example, the rectifier 216 may be
configured to rectify the voltage from 12 volt AC to 5 volt DC such that the processor
212 may be properly powered.

[0024] Also included are resistors 318 and 320, which act as a voltage divider for
reducing the voltage into the processor 212. A plurality of transistors 326 and a plurality
of optical encoders 328, which each may be coupled to the segments of lighting elements
218 are also provided. The plurality of transistors 326 and the plurality of optical
encoders 328 may be configured to control the operation of the lighting elements 218 as
described herein. Specifically, after a step is determined, the processor 212 may
determine that a predetermined segment of the load is to be activated. If a first segment
is to be activated, the processor sends a signal (e.g., 5 volts) to the optical encoder 328,
which then opens the transistor 326, which sends power to the segment of load, which
may be connected in series to ground. The ground node of the transistor 326 may be
connected that segment of the load. If a second step is reached for utilizing a second
segment of the load, a second optical encoder 328 may receive the signal from the

processor 212. The second optical encoder 328 may send a signal to the second
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transistor 326, thereby opening a second segment of the load. The remaining segments
may be activated utilizing the remaining optical encodes and transistors depicted in FIG.
3.

[0025] Additionally included is a transition component 330, which includes
resistors 337 and 334, as well as solid state relays 336, 338. The transition component
330 may be configured to allow the system to operate on a variety of voltages, segments
as from 80 volts to about 305 volts. As an example, the transition component 330 may
be configured to alter a ground voltage so that if a larger amount of power is received,
the solid state relay 336 may be implemented, while if a lower amount of voltage is
received both the solid state relay 336 and the solid state relay 338 may be utilized.
[0026] As illustrated, if the processor 212 determines that a higher voltage is
received, the processor 212 may send a signal to the solid state relay 336 and the node
between the solid state relays 336, 338, thereby switching the solid state relay 336 off
and the solid state relay 338 on. Because the solid state relay 338 is tied to ground, the
solid state relay 338 patches segments of the load together to operate at the higher
voltage. If a lower voltage is received, the solid state relay 336 may be turned on and the
solid state relay 338 may be turned off to disconnect segments of the load, thereby
allowing operation at the lower voltage.

[0027] FIGS. 4A and 4B depict alternating current waveforms 220a, 220b that
may be utilized for providing wave-based lighting -efficiencies, according to
embodiments described herein. As illustrated in FIG. 4A, the power may be received
from the power generation facility 102 (FIG. 1) as an AC waveform 220a, which may be
represented as a sinusoidal waveform 220. The sinusoidal waveform 220 may cross the
zero axis point (e.g., the point where the power switches from positive to negative
polarity or vice versa) at zero axis points 422a — 422e. Between the zero axis points
422a — 422e, the voltage may increase toward the peak voltage, decrease to zero,
increase to zero, or decrease to the minimum voltage.

[0028] As discussed above, the sinusoidal AC power or AC voltage may be
received by the rectifier 216, which may convert the negative portions of the sinusoidal
wave into positive, thus providing the waveform of FIG. 4B. A waveform similar to

FIG. 4B may then be utilized for the lighting device 104 and/or other load.
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[0029] Accordingly, embodiments described herein may be configured to
determine a zero axis point 422. From the zero axis point, a sample may be taken at a
predetermined time after the determined zero axis point 422. With this information,
embodiments may calculate a period, a maximum voltage, and/or other characteristic of
the waveform. In some embodiments, a lookup table may be accessed. With this
knowledge, voltage steps may be created at points of predicted voltage. Additionally,
because the voltage that is received may not behave as a pure sinusoidal wave (e.g.,
because of dirty voltage), the zero axis point 422 as well as the sample may be
determined at a plurality of points. If the waveform is not consistent across periods,
alterations to the predicted behavior of the waveform and thus the steps may be made.
[0030] FIGS. 5A and 5B depict user interfaces 530a, 530b that provide a
platform for determining a first voltage step, according to embodiments described herein.
As illustrated in FIG. 5A, the waveform may have a frequency of about 120 Hertz and a
period of about 1 millisecond. The peak voltage may be about 160 volts. Additionally,
FIG. 5B depicts the voltage at a predetermined time. Specifically, embodiments
described herein may determine a voltage required to power a set of loads in the lighting
device 104. As an example, if an LED pulls 2 volts, 34 LEDs pull 68 volts. As such, the
embodiments described herein may create a load segment with 34 LEDs. Additionally,
embodiments may determine at what time the received voltage will provide about 68
volts and will create a first step at that time.

[0031] Additionally, the embodiments may determine at what time the power
will reach 136 volts and create a second step at that time (a second portion of the AC
waveform). As described herein, the voltage step may be configured as a trigger to
activate and/or deactivate segments of a load at a selected time, based on a prediction of
the behavior of the received voltage waveform. With this knowledge, the embodiments
may configure the lighting device 204 to switch the power to a subset of all of the LEDs
at different voltage steps to correspond to the predicted voltage.

[0032] As an example, if the LEDs consume 2 volts each, the lighting device 204
may direct the waveform to 34 LEDs at the first step, such that all of the voltage is
consumed. This may change at subsequent steps, based on the predicted voltage level at

those steps. Accordingly, the power is not wasted as heat, but is instead used in
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accordance with the sets of LEDs.

[0033] It should be understood that while the example above utilizes 68 volts as
the first step and 136 volts as the second step, this is just an example. These and/or other
steps may be created depending on the particular implementation. Similarly, depending
on the actual power consumption of the LEDs (or other load components), a different
lighting or utilization schemes may be created.

[0034] FIGS. 6A and 6B depict user interfaces 630a, 630b that provide a
platform for determining a second voltage step and a third voltage step, according to
embodiments described herein. Similar to the description of FIGS. 5A and 5B, the user
interfaces 630a and 630b illustrate steps that are created at about 108.6 Volts and about
149.0 volts, respectively. With the steps created, the load changes may be implemented
to adequately match the load with the voltage being received. Again, it should be
understood that these voltages are also merely examples, as other voltages may be
utilized for creating the steps, depending on the embodiment.

[0035] FIGS. 7A and 7B depict user interfaces 730a, 730b that provide a fourth
voltage step and a fifth voltage step on a backside of a waveform, according to
embodiments described herein. Similar to the user interfaces 630 from FIGS. 6A and
6B, the additional steps may be created on the descending side of the voltage waveform.
Specifically, when the voltage waveform is about 108.0 volts, a step may be created, as
well as when the voltage again reaches 68.0 volts.

[0036] FIGS. 8A-8C depict user interfaces 830a, 830b, 830c that provide data
regarding the specified voltage steps, according to embodiments described herein. As
illustrated, the user interface 830a illustrates a chart depicting the steps that were created.
FIG. 8B depicts graphically the created steps for implementation. FIG. 8C depicts a
sample being taken to calculate the steps.

[0037] As illustrated in these user interfaces, a zero axis point was determined
and a sample voltage was taken (FIG. 8C) at about 2.76 milliseconds. Based on the
change in the voltage from the zero axis point and the sample, a lookup table may be
accessed to facilitate a sinusoidal prediction of the maximum voltage and the period of
the waveform. Based on this information, as well as information related to the load,

steps may be created such that segments of the overall load may be allocated based on
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the voltage. As an example, a first segment of the load may have a voltage rating of
about 68 volts and the first voltage step may be about 68 volts. As such, the first
segment may receive the voltage for a predetermined amount of time before and/or after
that voltage step. Once the voltage has changed a predetermined amount, the next step
may trigger allocation of a second load segment (which may include the first load
segment) such that the voltage rating of the second load segment corresponds with the
voltage of the waveform at that time.

[0038] FIG. 9 depicts a flowchart for providing wave-based lighting efficiencies,
according to embodiments described herein. As illustrated in block 950, a voltage may
be determined. In block 952, the voltage may be rectified to remove the negative
portions of the voltage waveform. In block 954, a zero cross point of the voltage may be
measured. In block 957, a voltage change over time may be calculated. In block 958, a
step may be determined based on the voltage change and then created. Creating the step
may include creating a trigger at a predetermined time that opens or closes electrical
current to the segments of the load. In block 960, voltage may be allocated to a first set
of loads first step at a first time. In block 962, voltage may be allocated to a second set
of loads at a second time.

[0039] As illustrated above, various embodiments for wave-based lighting
efficiencies are disclosed. By creating one or more voltage steps, voltage may be
allocated to a subset of the load, which may be changed, based on a change (or predicted
change) in the received voltage. This provides more efficient use of power and reduces
heat in the load. With that said, the changes in load utilization are fast enough to be
imperceptible by a user.

[0040] While particular embodiments and aspects of the present disclosure have
been illustrated and described herein, various other changes and modifications can be
made without departing from the spirit and scope of the disclosure. Moreover, although
various aspects have been described herein, such aspects need not be utilized in
combination. Accordingly, it is therefore intended that the appended claims cover all
such changes and modifications that are within the scope of the embodiments shown and

described herein.
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[0041] It should now be understood that embodiments disclosed herein includes
systems, methods, and non-transitory computer-readable mediums for wave-based
lighting efficiencies. It should also be understood that these embodiments are merely

exemplary and are not intended to limit the scope of this disclosure.
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CLAIMS

1. A method for providing wave-based lighting efficiencies of a system, the
method comprising:

determining, by a computing device, a characteristic of a voltage from an
alternating current (AC) waveform, wherein the AC waveform is configured to power a
load, wherein the load has a first predetermined portion with a first voltage rating and a
second predetermined portion with a second voltage rating, and wherein the AC
waveform includes positive voltage portions, negative voltage portions, and zero axis
points;

determining, by the computing device, a first position in the AC waveform to be
used to create a first voltage step with a first step voltage applied to the AC waveform,;

creating, by the computing device, the first voltage step for application on the
AC waveform; and

applying, by the computing device, the AC waveform at the first voltage step to
the first predetermined portion of the load, wherein the first voltage rating corresponds

to the first step voltage of the first voltage step.

2. The method of claim 1, further comprising rectifying the AC waveform

to modify at least one of the negative voltage portions into a positive voltage portion.

3. The method of claim 1, further comprising:

determining a second portion in the AC waveform to create a second step with a
second step voltage; and

applying the AC waveform at the second step to the second predetermined
portion of the load, wherein the second predetermined portion of the load has a second

voltage rating that corresponds to the second step voltage.

4. The method of claim 1, wherein the load includes an array of light

emitting diodes.
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5. The method of claim 1, further comprising determining a voltage rating
for at least one of the followings: the load, the first predetermined portion of the load, or

the second predetermined portion of the load.

6. The method of claim 1, further comprising determining the first
predetermined portion of the load, based on analysis of the AC waveform and a

determination of individual devices in the load.

7. The method of claim 1, wherein the first step is created based on an

expected voltage at a predetermined time.

8. The method of claim 1, wherein the characteristic of the voltage from the
AC waveform includes at least one of the following: a zero axis point, a period of the

AC waveform, and a maximum voltage of the AC waveform.

0. A system for providing wave-based load efficiencies, the system
comprising:
a load that includes a plurality of individual devices;
a computing component that is coupled to the load and includes a processor and
a memory component that stores a logic that, when executed by the processor, causes
the system to perform at least the following:
determine an alternating current (AC) voltage at a plurality of times,
wherein the voltage is configured to power the load;
determine a first predetermined portion of the load that includes at least
one of the plurality of individual devices;
determine a first voltage rating for the first predetermined portion of the
load;
determine a first position in the AC voltage to be used to create a first
step with a first step voltage that corresponds with the first voltage rating;
create the first step; and
apply the AC voltage at the first step to the first predetermined portion of
the load.
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10. The system of claim 9, further comprising a rectifier that rectifies at least

one negative portion of the AC voltage into a positive voltage portion.

11. The system of claim 9, further comprising a transition component that
determines an amount of voltage received and, based on the amount of voltage received,

alters a ground voltage.

12. The system of claim 9, wherein the memory component that stores logic
that further causes the system to perform at least the following:

determine a second portion in the AC waveform to create a second step with a
second step voltage; and

apply the AC waveform a the second step to a second predetermined portion of
the load, wherein the second predetermined portion of the load has a second voltage

rating that corresponds to the second step voltage.

13. The system of claim 12, wherein the memory component that stores logic
that further causes the system to determine a voltage rating for at least one of the
followings: the load, the first predetermined portion of the load, or the second

predetermined portion of the load.

14. The system of claim 9, wherein the memory component that stores logic
that further causes the system to determine the first predetermined portion of the load,
based on analysis of the AC waveform and a determination of individual devices in the

load.

15. A device for providing wave-based load efficiencies, the device
comprising:
a computing device that includes a logic that, when executed by a processor,

causes the device to perform at least the following:
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determine a characteristic of a voltage received for powering a load,
wherein the voltage includes positive voltage portions, negative voltage portions,
and zero axis points, wherein the load includes a plurality of individual devices;

allocate a first predetermined portion of the load based on at least one of
the plurality of individual devices;

determine a voltage rating of the first predetermined portion of the load;

determine a first position of the voltage to be used to create a first step
with a first step voltage, wherein the first step voltage corresponds with a first
voltage rating of the first predetermined portion of the load;

create the first step; and

apply the voltage at the first step to the first predetermined portion of the
load.

16. The device of claim 15, wherein the logic further causes the device to
rectify the voltage to modify at least one of the negative voltage portions into a positive

voltage portion.

17. The device of claim 15, wherein the logic further causes the device to
perform at least the followings:

determine a second portion of the voltage to create a second step with a second
step voltage; and

apply the voltage at the second step to a second predetermined portion of the
load, wherein the second predetermined portion of the load has a second voltage rating

that corresponds to the second step voltage.

18.  The device of claim 15, wherein the load includes an array of light

emitting diodes.

19. The device of claim 15, wherein allocating the first predetermined
portion of the load is performed based on analysis of the voltage and a characteristic of

the plurality of individual devices in the load.
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20. The device of claim 15, wherein the first step is created based on an

expected voltage level of the voltage at a predetermined time.



