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(57) Abrege/Abstract:

The present disclosure Is directed to an alternating current (AC) to AC converter circuit for independently adjusting a current and
voltage to adjust a light output of a light operating on AC power. In one embodiment, the AC to AC converter circuit includes a
microprocessor, a first switch coupled to the microprocessor, a power factor controller (PFC) module coupled to the first switch,
wherein the first switch is controlled by the microprocessor in accordance with a desired power output, one or more boost switches
coupled to the PFC module, wherelin the one or more boost switches are controlled by the PFC module as a function of an
operation of the first switch and one or more load switches coupled to the one or more boost switches, whereln the one or more
load switches are controlled by the microprocessor in accordance with the desired power output.
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(57) Abstract: The present disclosure i1s directed to an alternating current (AC) to AC converter circuit for independently adjusting a
current and voltage to adjust a light output of a light operating on AC power. In one embodiment, the AC to AC converter circuit in -
cludes a microprocessor, a first switch coupled to the microprocessor, a power factor controller (PFC) module coupled to the first

SWitc

SWitc

n, wherein the first switch 1s controlled by the microprocessor in accordance with a desired power output, one or more boost
nes coupled to the PFC module, wherem the one or more boost switches are controlled by the PFC module as a function of an

operation of the first switch and one or more load switches coupled to the one or more boost switches, wherein the one or more load
switches are controlled by the microprocessor in accordance with the desired power output.



CA 02863592 2016-04-28

1-

INDEPENDENTLY ADJUSTABLE CURRENT AND VOLTAGE AC-AC
CONVERTER

BACKGROUND
[0002] Current street lights operating on an alternating current (AC) power
source only have the ability to turn on and off. In other words, the street lights
operating on AC power cannot be dimmed to some level of brightness in between an
on and off state.
[0003] Current street light fixtures only provide a receptacle for receiving a
three pronged connector. Some dimming controls exist, but would require a receptacle
for receiving a five pronged connector. As a result, all existing street light fixtures
would need to be modified, which may be prohibitively time consuming and expensive.
[0004] Alternatively, street light fixtures may be modified internally.
However, such modification may void the manufacturer's warranty on the street light
fixture. In addition, the street light fixture may not provide enough space for all of the
components that would be required to provide dimming control.
[0005] Other methods for dimming AC powered lights include converting the
AC power into direct current (DC) power, adjusting the power and then reconverting
the DC power to AC power before it is delivered to the street light fixture. However,
this method is inefficient. In addition, this method would require additional hardware
modules to perform the conversion. The additional modules may not fit in a

photocontroller module used to control the street light fixture.

SUMMARY
[0005a] Certain exemplary embodiments can provide an alternating current (AC)
to AC converter circuit for independently adjusting a current level and a voltage level
to aqjust a light output of a light operating on AC power, comprising: a microprocessor
for controlling the current level and the voltage level delivered from an AC power
source to the light operating on the AC power without AC to direct current (DC)
conversion, wherein the current level is an alternating current; a first switch coupled to
the microprocessor; a power factor controller (PFC) module coupled to the first switch,

wherein the first switch is controlled by the microprocessor in accordance with a



CA 02863592 2016-04-28

-1a-

desired power output via a pulse width modulation (PWM) control signal, wherein the
PWM control signal determines a first duty cycle of the first switch coupled to the PFC
module, wherein the first duty cycle is determined based upon an increase of the
voltage level that is needed to operate the light at an optimal voltage level; one or
more boost switches coupled to the PFC module, wherein the one or more boost
switches are controlled by the PFC module as a function of an operation of the first
switch, wherein the PFC module adjusts the voltage level in accordance with the
operation of the first switch by operating the one or more boost switches at a second
duty cycle, wherein the second duty cycle is determined based upon the increase of
the voltage level that is needed to operate the light at the optimal voltage level; and
one or more load switches coupled to the one or more boost switches, wherein the
one or more load switches are controlled by the microprocessor in accordance with
the desired power output.

[0005D] Certain exemplary embodiments can provide a method for adjusting a
light output of a light operating on alternating current (AC) power, comprising:
receiving a control signal to change an amount of power delivered to the light, wherein
the power is delivered from an AC power source to the light as an AC power without
AC to direct current (DC) conversion; operating one or more load switches in
accordance with the amount of power; monitoring a current level and a voltage level
while the one or more load switches are operating; and sending a signal to a switch
coupled to a power factor controller (PFC) module when the light is operating at a
non-optimal voltage level, wherein the PFC module adjusts the voltage level in
accordance with an operation of the switch, wherein the control signal comprises a
pulse width modulation (PWM) signal, wherein the PWM signal determines a first duty
cycle of the switch coupled to the PFC module, wherein the first duty cycle is
determined based upon an increase of the voltage level that is needed to operate the
light at an optimal voltage level, wherein the PFC module adjusts the voltage level in
accordance with the operation of the switch by operating a first boost switch and a
second boost switch at a second duty cycle, wherein the second duty cycle is
determined based upon the increase of the voltage level that is needed to operate the

light at the optimal voltage level.
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[0005cC] Certain exemplary embodiments can provide a tangible computer
readable medium to store a plurality of instructions which, when executed by a
processor, cause the processor to perform operations for adjusting a light output of a
light operating on alternating current (AC) power, the operations comprising: receiving
a control signal to change an amount of power delivered to the light, wherein the
power Is delivered from an AC power source to the light as an AC power without AC to
direct current (DC) conversion; operating one or more load switches in accordance
with the amount of power; monitoring a current level and a voltage level while the one
or more load switches are operating; and sending a signal to a switch coupled to a
power factor controller (PFC) module when the light is operating at a non-optimal
voltage level, wherein the PFC module adjusts the voltage level in accordance with an
operation of the switch, wherein the control signal comprises a pulse width modulation
(PWM) signal, wherein the PWM signal determines a first duty cycle of the switch
coupled to the PFC module, wherein the first duty cycle is determined based upon an
increase of the voltage level that is needed to operate the light at an optimal voltage
level, wherein the PFC module adjusts the voltage level in accordance with the
operation of the switch by operating a first boost switch and a second boost switch at
a second duty cycle, wherein the second duty cycle is determined based upon the

iIncrease of the voltage level that is needed to operate the light at the optimal voltage
level.
[0006] In one embodiment, the present disclosure provides an alternating

current (AC) to AC converter circuit for independently adjusting a current and
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voltage to adjust a light output of a light operating on AC power. In one
embodiment, the AC to AC converter circuit comprises a microprocessor, a
first switch coupled to the microprocessor, a power factor controller (PFC)
module coupled to the first switch, wherein the first switch is controllied by the
microprocessor in accordance with a desired power output, one or more boost
switches coupled to the PFC module, wherein the one or more boost switches
are controlled by the PFC module as a function of an operation of the first
switch and one or more load switches coupled to the one or more boost
switches, wherein the one or more load switches are controllied by the
microprocessor in accordance with the desired power output. '

[0007] In one embodiment, the present disclosure provides a method for
adjusting a light output of a light operating on alternating current (AC) power.
In one embodiment, the method comprises receiving a control signal to
change an amount of power delivered to the light, wherein the power is

~ delivered from an AC power source, operating one or more load switches In
accordance with the amount of power, monitoring a current Ieveil and a
voltage level while the one or more load switches are operating and sending a
signal to a switch coupled to a power factor Controller (PFC) module if the light
IS operating at a non-optimal voltage level, wherein the PFC adjusts the
voltage level in accordance with an operation of the switch.

[0008] In one embodiment, the present disclosure provides a tangible
c.omputer-readable medium to store a plurality of instructions which, when
executed by a processor, cause the processor to perform operations for
adjusting a light output of a light operating on alternating current (AC) power.
The operations include receiving a control signal to change an amount of
power delivered to the light, wherein the power is delivered from an AC power
source, operating one or more load switches in accordance with the amount
of power, monitoring a current level and a voltage level while the one or more
load switches are operating and sending a signal to a switch coupled to a
power factor controller (PFC) module if the light is operating at a non-optimal
voltage level, wherein the PFC adjusts the voltage level in accordance with an

operation of the switch.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the

present disclosure can be understood in detail, a more particular description
of the disclosure, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this disclosure and
are therefore not to be considered limiting of its scope, for the disclosure may
admit to other equally effective embodiments.

[0010] FIG. 1 depicts a block diagram of one embodiment of an example
AC to AC converter circuit;

[0011] FIG. 2 depicts a more detailed diagram of one embodiment of an
example AC to AC converter circuit;

[0012] FIG. 3 depicts an example flow diagram of a method for adjusting a
light output of a light operating on AC power; ana -

[0013] FIG. 4 depicts a high-level block diagram of a general-purpose

computer suitable for use in performing the functions described herein.

DETAILED DESCRIPTION

- [0014] As discussed above, there is no elegant solution to providing
dimming ability of light sources, such as for example, street light fixtures that
operate on an AC power source. One embodiment of the present disclosure
provides an AC to AC converter circuit for independently adjusting a current
and voltage to adjust a light output of a light operating on AC power.

[0015] In other words, the AC power does not need to be first converted
into DC power for adjustment. As a result, the circuit may fit in an existing
photocontroller housing. In addition, the standard three prong outlet
receptacle may be maintained on existing street light fixtures. Said another
way, the present disclosure provides a “plug and play” solution that provides
dimming control of a light source operating on AC power without the need for
any AC to DC and/or DC to AC conversion.

[0016] FIG. 1 illustrates a high level block diagram of one embodiment of
an AC to AC converter circuit 100. In one embodiment, the circuit 100

includes an optional filter 102, a first pulse width modulation module (PWM1)
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104, a second PWM2 106, a power factor controller (PFC) module 108, a
microprocessor (MP) 110, a radio frequency (RF) communication module 112,
a metering module 114, a power line communication (PLC) 116, an isolation
transformer (IT)' 118 and a switch mode power supply (SMPS) 120.
[0017] In one embodiment, the RF communication module 112, the PLC
module 116 and the IT 118 provide remote control by one of various network
protocols. For example, control signals may be sent from a remotely located
control server over a wired or wireless connection via a wide area network
(WAN). For example, the operation of the light source or brightness of a light
source may be controlled remotely via the RF communication module 112 or
the PLC module 116.
[0018] In one embodiment, the metering module 114 may be a module or
device capable of monitoring a voltage level and a current level in the circuit.
In one embodiment, the metering module 114 may be deployed as a metering
system on a chip (M-SOC), multiple M-SOCs, an external metering module In
communication with the MP 110, a sensor array with raw data input and the
like. The metering module 114 may provide the voltage level and the current
level to the MP 110.
[0019] In one embodiment, the MP 110 may use the measured voltage
level and the current level to send control signals to the PWM2 106 and/or the
PFC 108 to adjust the voltage level to change the intensity level or a level of
light output of the AC powered light source. This is discussed in further detalil
below. -
[0020] In one embodiment, the SMPS 120 may be an isolated SMPS. The
SMPS may convert the AC power to DC power to operate and power various
devices and modules within the circuit 100. However, it should be noted that
the SMPS is not used to convert the AC power to DC power that is delivered
to the light source.
100211} In one embodiment, the filter 102 uses a combination of
capacitance, resistance and inductance to filter destructive harmonic wave
forms or switching noise in the circuit 100. The filter 102 may be controlled by
the combination of feed forward and feedback circuits to effectively adapt the

changing load and line conditions by adding or subtracting inductance,
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capacitance or resistance in any number of circuit configurations. The
adjustments may be controlled by the microprocessor 110.

[0022] In one embodiment, the filter 102 may be a dynamic filter. In other
words, the filter 102 may be configured to change the levels for which the
destructive harmonic wave forms or switching noise are filtered out. In
another embodiment, the filter 102 may be static. In other words, the filter
102 may be set for a worst case scenario without any adjustments In
response to the changing load and line conditions.

[0023] In one embodiment, the PWM1 104 may perform voltage boost
functions. The PWM1 104 may be controlled by the PFC 108 via feed forward
and feedback loops. The PWM1 104 may be operated based upon a variable
power level detected from the PWM2 106. The PWM1 104 operates in a
variety of circuit configurations to perform the operation of boosting the line
voltage. The PWM1 104 enables the power to be delivered to the load at the
variable power level and a variable voltage level that can be adjustable ina
disjoint or independent manner.

[0024]} In one embodiment the PWM2 106 may adjust a filtered AC power
by altering a duty cycle or frequency of a chopped PWM AC sine wave. The
PWM2 106 may operate in two stages. In the first stage, the PWM2 106 may
feed power to a load. In the second stage, the PWM2 may interrupt the '
current path imposing a dead time creating an open circuit condition. The
dead time provides a freewheeling safe commutation path complementary to
the load for reactive inductive loads. This freewheeling circuitry bridge-less
circuitry establishes a path for the commutation current for eliminating the
destructive voltage spikes in the switches without the power losses of
convention snubber circults.

[0025] In one embodiment, the operation of the PWM1 104 and the PWM2
106 as controlled by the PFC 108 and the MP 110, respectively, alters the AC
power input to produce a desired current output. For example, the output
voltage can be proportional to a lower current output or can be boosted by the
PWM2 106.

[0026] For example, the control signals from the MP 110 may be adapted

to the changing desired voltage and current levels to provide a regulated
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linearly adjustable power source for a variety of loads both resistive and
inductive in conjunction with the feedback from the PFC module 108. In other
words, the MP 110 can continuously change the control sighals sent to the
PFC module 108 and the PWMZ2 104 based upon the changing voitage and
current levels in the circuit 100 and the desired light output or desired intensity
level. Accordingly, the PFC module 108 may continuously change the control
sighals sent to the PWM1 1006 to adjust the line voltage.

[0027] The control of various loads in many cases may be customized for
the correct operation of the individual load. This may be accomplished
through the start procedure in unison to and with the feed-forward, feedback
response and predetermined values stored in the MP 110. Furthermore, the
'MP 110 can be enhanced with additional storage capability and can then
adapt to an even wider range of products.

[0028] FIG. 2 illustrates a more detailed diagram of one embodiment of the
example AC to AC converter circuit 100. In one embodiment, the PWM1 104
illustrated by dashed lines may comprise a switch S1, a switch S2 and one or
more Inductors 204 and 206. In one embodiment, the switches S1 and S2
may be one or more boost switches. In one embodiment, the inductors 204
and 206 may store voltage that may be eventually released to the PWM2 106
as the switches S1 and S2 are activated.

[0029] In one embodiment, the two switches S1 and S2 are provided to
operate in alternating fashion depending on a direction of thé AC wave signal
or sine wave. For example, the switch S1 may operate during a first portion of
the AC wave signal and the switch S2 may operate during a second portion of
the AC wave signal as controlled by the PFC module 108 in accordance with
a desired power output. In one embodiment, the duty cycle or frequency of
the switches S1 and S2 may be based upon control signals sent from the PFC
module 108.

[0030] In one embodiment, a duty cycle may be defined as a time period
for one on cycle and one off cycle. In one embodiment, the frequency may be

defined as how many duty cycles occur within a predefined period of time

(e.g., 5 duty cycles per second).
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[0031] In one embodiment, the PWM2 106 illustrated by dashed lines may
comprise switches S3, S4, S5, S6 and S7. In one embodiment, the switches
S3 and S6 may be one or more load switches. In one embodiment, the
switches S4 and S5 grouped by dashed lines 210 may be one or more
commutation switches. In one embodiment, the switches S3, S4, S5 and S6
are driven by a driver 202.
[0032] In one embodiment, the load switches S3 and S6 and the
commutation switches S4 and S5 may be operated and controlled by the MP
110. The MP 110 may control the duty cycle or frequency of the load
switches S3 and S6 based upon a desired power output or an amount of
power that is to be delivered to a load 208. In one embodiment, the MP 110
may send a control signal 218 (e.g., a PWM signal) containing the appropriate
duty cycle or frequency to the driver 202. The MP 110 may operate and
activate the commutation switches S4 and S5 to re-circulate voltage left in the
load 208 to avoid harmful voltage spikes.
[0033] In one embodiment, the switch S7 may be controlled by the MP 110
to requlate the voltage level via the PFC module 108. The MP 110 may send
a control signal 214 (e.g., a PWM signal) containing the appropriate duty cycle
or frequency to the switch S7. The switch S7 may receive feedback via a
feedback signal 216. Operation of the switch S7 Is discussed by example
below.
[0034] The control signal 214 and 218 sent by the MP 110 may be based
upon a current level and a voltage level of the circuit 100 measured by a
current sense resistor 212. The current sense resistor 212 may be coupled to
the metering module 114 (e.g., illustrated as M-SOC 114 in FIG. 2). The
metering module 114 may continuously monitor the current level and the
voltage level measured by the current sense resistor 212 and provide the
information to the MP 110 to calculate the necessary duty cycles for operating
the switches S3, S6 and S7.
[0035] In one embodiment, the filter 102 illustrated by dashed lines may
comprise a switch S8 and a switch S9. If the filter 102 is a dynamic filter, the
switches S8 and S9 may operate at a duty cycle that Is proportional to the

desired light output or intensity level. The level of switching noise that Is
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filtered out may change as the desired power output changes. In another
embodiment, if the filter 102 is a static filter, the level of filtering may be set at
a worst case scenario level.

[0036] It should be noted that although a number of various switches are
llustrated in FIG. 2, any number of switches may be deployed. For example,
depending on the application, more or less switches may be deployed. In
addition, depending on how each module is configured, for example the
PWM1 104, the PWM2 106 and the filter 102, more or less switches may be
deployed.

[0037] In addition, slight modifications may be made to the circuit 100 to
achieve the same functions discussed herein that are still within the scope of
the present disclosure. For example, the present disclosure encompasses
the use of additional feedback circuits or feed forward circuits between
various modules within the circuit depending on a particular application.
[0038] One working example of the I'oad 208 (e.qg., a light source, a street
light fixture, an LED based street light fixture, and the like) operating at 100%
intensity or light output and then reduced to 50% intensity or light output may
be discussed to illustrate how the circuit 100 operates. In one embodiment,
when the load 208 is operating at 100% intensity or light output, the MP 110
may send a control signal 218 to the driver 202 to keep the switches S3 and
S6 in an on state 100% of the time. The MP 110 may also send a control
signal 21 4 to the switch S7 to maintain the switch S7 on a mostly on state. In
other words, the switch S7 may be operating on a extremely low duty cycle.
[0039] At some other time, a control signal may be sent to the MP 110
from a remote server that instructs circuit 100 to operate the load 208 at 50%
intensity or light output. For example, the control signal may be received by
the PLC module 116 or wirelessly over the RF communication module 112.
[0040] In response, the MP 110 may send a control signal 218 to the driver
202 to operate the switches S3 and S6 at a 50% duty cycle. However, such
operation may cause a drop In voltage across the load. The current sense
resistor 212 may measure the current level and the voltage level in the circuit
100. The metering module 114 may provide the measured current level and
voltage level to the MP 110.
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[0041] In one embodiment, based upon an operating profile or dimming
curve profile of the load 208 (e.g., a current vs. voltage profile of a light
source), the MP 110 may determine if the load 208 is operating in an optimal
voltage or non-optimal voltage. If the load 208 is not operating at an optimal
voltage, the MP 110 may determine how much the voltage level (e.g., an
outgoing voltage level) must be adjusted (e.g., more or less) to operate the
load 208 at an optimal voltage.

[0042] Based upon this determination, the MP 110 may send a control
signal 214 to the switch S7 to operate a specified duty cycle to obtain a proper
voltage adjustment. The PFC module 108 may detect the duty cycle of the
switch S7 and respond by operating the switches S1 and S2 at a duty cycle in
as a function of an operation of the switch S7. For example, the switches S1
and S2 may be operated proportional to the duty cycle the switch S7. The
operation of the switches S1 and S2 adjust the voltage which Is supplied by
the switches S3 and S6.

[0043] In one embodiment, the current sense resistor 212 may measure
the updated current level and updated voitage level. The metering module
114 may provide this information to the MP 110 and if the load 208 is not
operating in an optimal state for 50% intensity or light output, the entire
process may be repeated until the load 208 is operating at an optimal state.
[0044] One example algorithm may be as follows. V, may represent an
output voltage, Vi may represent an input voltage, Vi may represent a target
output voltage, V4 may represent a change in voltage for 1% duty cycle
change and V, may represent a difference between original input voltage and
target voltage. In one embodiment, the target output voitage Vi may be set to
a desired value based upon the operating profile of the load 208.

[0045] The AC power supply may be turned on and the algorithm may
operate as follows:

[0046] 1. Record V,

[0047] 2. Drop duty cycle on S7 1% and record V,

[0048] 3. Calculate V4 = V, - Vi

[0049] 4. Calculate V, = Vi -V,
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[0050]} 5. Calculate V,/V4 = percentage duty cycle drop on S7 = VnNd to
obtain V; on output.
[0051] When a dimming control signal is received to adjust the intensity or
light output of the load 208 the switches S3 and S6 may be manipulated to
achieve the desired dimming level. Then the steps 1-5 above may be
repeated.
[0052] FIG. 3 illustrates an example flowchart of one embodiment of a
method 300 for automatically controlling an impedance of a circuit. In one
embodiment, the steps, functions, or operations of the method 300 may be
performed by the MP 110 in the AC to AC converter circuit 100 or a general
purpose computer illustrated in FIG. 4 and discussed below.
[0053] The method 300 begins at step 302. At step 304, the method 300
receives a control signal to change an amount of power delivered to a light.
For example, the control signal may be received, over either a wired
connection or a wireless connection, from a remote or centralized control
server over a WAN network via a PLC module or an RF communications
module. In one embodiment, the control signal may be to change an intensity
level or a light output level of the light, e.g., from 100% to 50%. As a result,
the amount of power delivered to the light may be reduced by 50%.
[0054] At step 306, the method 300 operates one or more load switches In
accordance with the amount of power. Using the example in step 304, the
MP may send a control signal to the driver of one or more load switches (e.g.,
switches S3 and S6 In FIG. 2) to operate the one or more load switches In
accordance with the desired power output. For example, the load switches
may be operated at a 50% duty cycle to reduce the amount of power by 50%.
[0055] At step 308, the method 300 monitors a current level and a voltage
level while the one or more load switches are operating. For example, a
current sense resistor may be used to measure a current level and a voltage
level In the circuit. The current level (e.g., an output current to the load) and
voltage level (e.g., an output voltage to the load) may be used by the MP to
determine if the target voltage is being met indicating that the light is operating

at an optimal voltage.
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[0056] At step 310, the method 300 determines if the light I1s operating at
an optimal voltage. For example, if the measured voltage level is equal to or
within a predefined threshold of the target voltage (e.qg., +/- 5%), the MP may
determine that the light is operating at an optimal voltage. If the answer to
step 310 is yes, the method 300 may then return to step 308 to continue
monitoring the current level and the voltage level.
[0057] If the answer to step 310 is no, the method 300 may proceed to
step 312. At step 312, the method 300 may send a signal to a PFC to adjust
the voltage. For example, the percentage change in duty cycle may be
calculated based upon the algorithm discussed above. The change in duty
cycle may then be sent to a switch coupled to the PFC and the MP (e.g., the
switch S7 In FIG. 2) to operate the switch In accordance with a desired power
output. In other words, the duty cycle may be adjusted to obtain the needed
target voltage.
[0058] In response, the PFC may then modify the operation of one or more
boost switches (e.g., switches S1 and S2 in FIG. 2) to adjust the voltage as a
function of an operation of the switch coupled to the PFC and the MP. For
example, the boost switches may either provide more or less voltage
depending on the amount of power to be delivered to the light and the change
In duty cycle of the switch coupled to the PFC and the MP.
[0059] At step 314, the method 300 may determine if the light is operating
at an optimal voltage. Similar to step 310 for example, If the measuread
voltage level is equal to or within a predefined threshold of the target voltage
(e.g., +/- 5%), the MP may determine that the light is operating at an optimal
voltag-e.' At step 314 if the answer to step 314 is no, the method 300 may
proceed to step 316.
- [0060}] At step 316, the method 300 adjusts the control signal sent to the
PFC. For example, the MP may calculate the additional change in duty cycle
needed to operate the switch coupled to the PFC and the MP to obtain the
needed target voltage. The method 300 then proceeds to step 312 again.
[0061] However, If the answer to step 314 is yes, the method 300
proceeds to step 318. At step 318, the method 300 determines if there is a

change in the amount of power requested. For example, the central controller

”
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or server may send a control signal to the MP to increase the intensity of the
light back to 100% from 50%.

[0062] If the answer to step 318 is yes, the method 300 may proceed to
step 304. However, if the answer to step 318 is no, the method 300 may
proceed to step 320. The method 300 ends at step 320.

[0063] It should be noted that although not explicitly specified, one or more
steps or operations of the method 300 described above may include a storing,
displaying and/or outputting step as required for a particular application. In

~ other words, any data, records, fields, and/or intermediate results discussed in
the methods cah be stored, displayed, and/or outputted to another device as
required for a particular application. Furthermore, steps, operations or blocks
in FIG. 3 that recite a determining operation, or involve a decision, do not
necessarily require that both branches of the determining operation be
practiced. In other words, one of the branches of the determining operation
can be deemed as an optional step. Furthermore, operations, steps or blocks
of the above described methods can be combined, separated, and/or
performed in a different order from that described above, without departing
from the example embodiments of the present disclosure.

[0064]. FIG. 4 depicts a high-level block diagram of a general-purpose
computer suitable for use in performing the functions described herein. As
depicted in FIG. 4, the system 400 comprises a hardware processor element
402 (e.g., a CPU), a memory 404, e.g., random access memory (RAM) and/or
read only memory (ROM), a module 405 for adjusting a light output of a light
operating on alternating current (AC) power, and various input/output devices
406, e.g., a camera, a video camera, storage devices, including but not limited
to, a tape drive, a floppy drive, a hard disk drive or a compact disk drive, a
receiver, a transmitter, a speaker, a display, a speech synthesizer, an output
port, and a user input device (such as a keyboard, a keypad, a mouse, and
the like).

[0065] |t should be noted that the present disclosure can be implemented
In software and/or in a combination of software and hardware, e.g., using
application specific integrated circuits (ASIC), a general purpose computer or

any other hardware equivalents, e.g., computer readable instructions
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pertaining to the method(s) discussed above can be used to configure a
hardware processor to perform the steps functions and/or operations of the
above disclosed methods. In one embodiment, the present module or
process 405 for adjusting a light output of a light operating on alternating
current (AC) power can be implemented as computer-executable instructions
(e.g., a software program comprising computer-executable instructions) and
loaded into memory 404 and executed by hardware processor 402 to
Implement the functions as discussed above. As such, the present method
405 for adjusting a light output of a light operating on alternating current (AC)
power as discussed above in method 300 (including associated data
structures) of the present disclosure can be stored on a non-transitory (e.g.,
tangible or physical) computer readable storage medium, e.g., RAM memory,
magnetic or optical drive or diskette and the like.
[0066] While various embodiments have been described above, it should
be understood that they have been presented by way of example only, and
not limitation. Thus, the breadth and scope of a preferred embodiment should
not be limited by any of the above-described exemplary embodiments, but
should be defined only in accordance with the following claims and their

equivalents.
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CLAIMS

1. An alternating current (AC) to AC converter circuit for independently adjusting a
current level and a voltage level to adjust a light output of a light operating on AC
power, comprising:

a microprocessor for controlling the current level and the voltage level delivered
from an AC power source to the light operating on the AC power without AC to direct
current (DC) conversion, wherein the current level is an alternating current;

a first switch coupled to the microprocessor;

a power factor controller (PFC) module coupled to the first switch, wherein the
first switch is controlled by the microprocessor in accordance with a desired power
output via a pulse width modulation (PWM) control signal, wherein the PWM control
signal determines a first duty cycle of the first switch coupled to the PFC module,
wherein the first duty cycle is determined based upon an increase of the voltage level
that Is needed to operate the light at an optimal voltage level;

one or more boost switches coupled to the PFC module, wherein the one or
more boost switches are controlled by the PFC module as a function of an operation of
the first switch, wherein the PFC module adjusts the voltage level in accordance with
the operation of the first switch by operating the one or more boost switches at a
second duty cycle, wherein the second duty cycle is determined based upon the
iIncrease of the voltage level that is needed to operate the light at the optimal voltage
level; and

one or more load switches coupled to the one or more boost switches, wherein
the one or more load switches are controlled by the microprocessor in accordance with

the desired power output.

2. The AC to AC converter circuit of claim 1, further comprising:
a metering module coupled to the microprocessor, wherein the metering module
monitors the current level and the voltage level and provides the current level and the

voltage level to the microprocessor.
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3. The AC to AC converter circuit of claim 2, further comprising:

a resistor coupled to the metering module to measure the current level.

4. The AC to AC converter circuit of claim 1, further comprising:

a filter coupled to the PFC module and the one or more load switches.

. The AC to AC converter circuit of claim 4, wherein the filter is a dynamic filter.
6. The AC to AC converter circuit of claim 4, wherein the filter is a static filter.
7. The AC to AC converter circuit of claim 1, further comprising:

one or more communication modules coupled to the microprocessor.

8. The AC to AC converter circuit of claim 7, wherein the one or more
communication modules comprise at least one of: a power line communication module

(PLC) or a radio frequency (RF) communication module.

9. The AC to AC converter circuit of claim 1, wherein the one or more boost
switches comprise a first boost switch and a second boost switch, wherein the first
boost switch operates during a first portion of an AC wave signal and the second boost

switch operates during a second portion of the AC wave signal as controlled by the

PFC module in accordance with the desired power output.

10.  The AC to AC converter circuit of claim 1, further comprising:

one or more commutation switches coupled to the one or more load switches.

11. A method for adjusting a light output of a light operating on alternating current
(AC) power, comprising:

receiving a control signal to change an amount of power delivered to the light,
wherein the power is delivered from an AC power source to the light as an AC power

without AC to direct current (DC) conversion;



CA 02863592 2016-04-28

-16-

operating one or more load switches in accordance with the amount of power;

monitoring a current level and a voltage level while the one or more load
switches are operating; and

sending a signal to a switch coupled to a power factor controller (PFC) module
when the light is operating at a non-optimal voltage level, wherein the PFC module
adjusts the voltage level in accordance with an operation of the switch, wherein the
control signal comprises a pulse width modulation (PWM) signal, wherein the PWM
signal determines a first duty cycle of the switch coupled to the PFC module, wherein
the first duty cycle is determined based upon an increase of the voltage level that is
needed to operate the light at an optimal voltage level, wherein the PFC module adjusts
the voltage level in accordance with the operation of the switch by operating a first
boost switch and a second boost switch at a second duty cycle, wherein the second
duty cycle is determined based upon the increase of the voltage level that is needed to

operate the light at the optimal voltage level.

12.  The method of claim 11, further comprising:
monitoring the current level and the voltage level after the voltage level is
adjusted by the PFC module to determine if the signal sent to the PFC module needs to

be adjusted.

13. A tangible computer readable medium to store a plurality of instructions which,
when executed by a processor, cause the processor to perform operations for adjusting
a light output of a light operating on alternating current (AC) power, the operations
comprising:

receiving a control signal to change an amount of power delivered to the light,
wherein the power is delivered from an AC power source to the light as an AC power
without AC to direct current (DC) conversion:

operating one or more load switches in accordance with the amount of power;

monitoring a current level and a voltage level while the one or more load

switches are operating; and
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sending a signal to a switch coupled to a power factor controller (PFC) module
when the light is operating at a non-optimal voltage level, wherein the PFC module
adjusts the voltage level in accordance with an operation of the switch, wherein the
control signal comprises a pulse width modulation (PWM) signal, wherein the PWM
signal determines a first duty cycle of the switch coupled to the PFC module, wherein
the first duty cycle is determined based upon an increase of the voltage level that is
needed to operate the light at an optimal voltage level, wherein the PFC module adjusts
the voltage level in accordance with the operation of the switch by operating a first
boost switch and a second boost switch at a second duty cycle, wherein the second
duty cycle is determined based upon the increase of the voltage level that is needed to

operate the light at the optimal voltage level.

14.  The tangible computer readable medium of claim 13, further comprising:
monitoring the current level and the voltage level after the voltage level is
adjusted by the PFC module to determine if the signal sent to the PFC module needs to

be adjusted.
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