I*I Innovation, Sciences et Innovation, Science and CA 3044482 C 2020/01/14

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 044 482
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépét PCT/PCT Filing Date: 2018/09/20 (51) CLInt./Int.Cl. H05B 37/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2019/03/28 H02J 7/35(2006.01), HO2M 1/10(2006.01)
Al . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2020/01/14 PAHLEVANI, MAJID (AK.A. MAJID
(85) Entrée phase nationale/National Entry: 2019/05/21 PAHLEVANINEZHAD), CA;
®6) N° demande PCT/PCT Application No.: CA 2018/051181 SCHERWITZ, SAM, CA;
. L L ] SHEKARI, DAWOOD (A.K.A. DAWOOD SHEKARI
(87) N° publication PCT/PCT Publication No.: 2019/056113 BEYRAGH), CA

(30) Priorité/Priority: 2017/09/20 (US62/560,780) (73) Propriétaire/Owner:

10644137 CANADA INC., CA
(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : SYSTEME D'ECLAIRAGE A DEL ET PROCEDE ASSOCIE
(54) Title: LED LIGHTING SYSTEM AND A METHOD THEREFOR

160
\ 162—— Determine LED-powering
time-pericd
\i
164— Determine current power
leval of battery
\ 4
166— Calculate power upper-
bound
168
ower upper-bound 2
max power?
170
N v ,
Determine the LED
172—
Turn on all LED columns columns to be turned on
Y

174——{ Tum on the determined
LED columns

(57) Abrégé/Abstract:
A lighting system has a power source formed by a solar panel and a battery assembly, a lighting assembly having a plurality of
lighting devices arranged into a plurality of lighting groups, the light assembly having a predetermined maximum power, and a

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



CA 3044482 C 2020/01/14

anen 3 044 482
13 C

(57) Abrégé(suite)/Abstract(continued):

multiple-input power converter electrically coupled to the power source and the lighting assembly for powering the lighting
assembly using the power source, and for charging the battery assembly using the solar panel. The multiple-input power converter
is configured for calculating a power upper-bound based on the level of stored energy in the battery assembly and the length of a
night time, and selecting at least a subset of the lighting groups and powering the selected lighting groups for illumination using the
battery assembly for preventing exhausting the stored energy of the battery assembly before the battery assembly can be charged
by the solar panel.



wo 2019/056113 A1 | NI 0000 T 000000 OO 0

CA 03044482 2019-05-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 March 2019 (28.03.2019)

(10) International Publication Number

WO 2019/056113 Al

WIPO I PCT

(51) International Patent Classification:
HO5B 37/00 (2006.01) HO02M 1/10 (2006.01)
H02J 7/35 (2006.01)

(21) International Application Number:
PCT/CA2018/051181

(22) International Filing Date:

20 September 2018 (20.09.2018)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
62/560,780 20 September 2017 (20.09.2017) US

(71) Applicant: 10644137 CANADA INC. [CA/CA]; 30 Au-
tumn Circle SE, Calgary, Alberta T3M 0J6 (CA).

(72) Inventors: PAHLEVANI, Majid (a.k.a. Majid Pahle-
vaninezhad); 177 Rockyspring TC NW, Calgary, Alberta

(74)

@81)

T3G 5Z7 (CA). SCHERWITZ, Sam; 30 Autumn Circle
SE, Calgary, Alberta T3M 0J6 (CA). SHEKARI, Dawood
(a.k.a. Dawood Shekari Beyragh), 177 Rockyspring Ter-
race NW, Calgary, Alberta T3G 527 (CA).

Agent: GOWLING WLG (CANADA) LLPetal.;421-7th
Avenue SW, Calgary, Alberta T2P 4K9 (CA).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: LED LIGHTING SYSTEM AND A METHOD THEREFOR

Determine LED-powering
time-period

Determine current power
level of battery

160
\ 162—
164~—
166——

Calculate power upper-
bound

168

170
NI

Turn on all LED columns

FIG.7

Power upper-bound 2
max power?

179 —— Determine the LED
columns to be turned on
174——| Turn on the determined
LED columns

y

(57) Abstract: A lighting system has a power source formed by a solar panel and a battery assembly, a lighting assembly having a
plurality of lighting devices arranged into a plurality of lighting groups, the light assembly having a predetermined maximum power, and
a multiple-input power converter electrically coupled to the power source and the lighting assembly for powering the lighting assembly
using the power source, and for charging the battery assembly using the solar panel. The multiple-input power converter is configured
for calculating a power upper-bound based on the level of stored energy in the battery assembly and the length of a night time, and
selecting at least a subset of the lighting groups and powering the selected lighting groups for illumination using the battery assembly
for preventing exhausting the stored energy of the battery assembly before the battery assembly can be charged by the solar panel.

[Continued on next page]



CA 03044482 2019-05-21

WO 2019/056 113 A [0} 00P 000 00 00 OO 00 0O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
—  with international search report (Art. 21(3))
— in black and white; the international application as filed

contained color or greyscale and is available for download
Jrom PATENTSCOPE



10

15

20

25

30

A8139684WO

LED LIGHTING SYSTEM AND A METHOD THEREFOR

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of US Provisional Patent Application Serial
No. 62/560,780, filed September 20, 2017
FIELD OF THE DISCLOSURE

The present disclosure relates to lighting systems, and in particular to Light-Emitting
Diode (LED) street-light systems using power converters, and to methods of controlling and

powering the LEDs thereof.

BACKGROUND

Light-Emitting Diodes (LEDs) are known and have been widely used in industries, mostly
as low-power light indicators. In recent years, LEDs having increased power outputs or increased
luminous intensities have been developed and used for illumination. For example, LED lights
provide improved energy efficiency, safety, and reliability, and are replacing other types of lights
in the market such as incandescent lights, Compact Fluorescent Lamps (CFLs), and the like. As
everyday lighting significantly contributes to the burden on power grids and greatly increases the
overall requirements for electricity generation, the energy efficiency of LEDs will play a crucial
role in future energy savings. It is likely that LEDs will dominate the lighting markets because of
their superior energy efficiency.

High efficient LEDs have been replacing the conventional lighting solutions for street
lights. LED street lights are a fast-growing industry because of various advantages provided by
LEDs such as high light intensity, high energy efficiency, and high reliability. Because LED street
lights need to be able to operate outdoor during harsh weather conditions for long periods of time,
their reliability and robustness are of great importance.

Renewable energy systems and energy storage systems have been used in street-light
systems. For example, a prior-art street light system usually comprises a photovoltaic (PV) panel
for harvesting solar energy and a battery for storage of the harvested energy. The battery receives
and stores the electrical power converted from solar energy by the PV panel during daytime, and
powers the LED light at night.

FIG. 1 is a schematic diagram showing a prior-art LED street light system 10 having a PV
panel 12 and a battery 14. As shown, the LED street-light system 10 comprises a LED light 16
installed on a post 18. The LED light 16 is connected to the battery 14, usually through a power
converter (not shown). The PV panel 12 is also connected to the battery 14 for charging the battery

CAL_LAWW\ 3122658\1
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14 during daytime. The LED street light system 10 may also comprise an Alternate Current (AC)
power input such as an AC utility power grid (not shown) for powering the LED light 16.

The battery 14 requires low temperature variations. Moreover, due o its heavy weight, the
batterv 14 is usually placed on or under ground. However, such an arrangement requires long
wiring between the batterv 14 and the LED light 16, and between the battery 14 and the PV panel
12. The long wiring may cause increased electrical resistance and increased waste power
consumption by the long wiring. Such an issue is particularly significant for high-power LED
lights such as lights for highways because of their low battery voltage and high current.

FIG. 2 is a block diagram of the prior-art LED street-light system 10 shown in FIG. 1. As
shown, the LED street light system 10 comprises a plurality of multiple power converters. In
particular, a first Direct-Current (DC) to Direct-Current converter (DC/DC converter) 24 converts
the output of the PV panel 12 to a DC power suitable for charging the battery 14. The first DC/DC
converter 24 may use maximum power point tracking (MPPT) for harvesting maximum available
power from the PV panel 12 under applicable conditions.

The battery 14 is connected to the LED street light 16 via a second DC/DC converter 26.
The second DC/DC converter 26 converts the DC output of the battery 26 to a voltage/current
suitable for the LEDs 16.

The LED street light 16 is also powered by an AC power source 22 via an AC/DC
converter 28 in case there is not enough energy stored in the battery 14.

There are various challenges and difficulties related to the prior-art LED street-light
systems. For example,

¢ the long wiring between the battery 14 and other components such as the LED
lights 16 and the PV panel 12 causes significant power loss. Thus, the overall
energy efliciency of the street light system is usually poor;

e the system requires a plurality of power converters such as the power converters
24, 26 and 28 shown in FIG. 2, thereby causing increased system complexity,
increased cost, and reduced reliability; and

¢ autility power grid 22 is required for powering the system when the battery 14
does not have enough stored energy, thereby causing energy-demand burdens to

the utility power grid 22.

SUMMARY

According to one aspect of this disclosure, therein is disclosed a lighting system. The
lighting system comprises a solar panel, a battery assembly, a lighting assembly having a plurality
of lighting devices arranged into a plurality of lighting groups, and a multiple-input power
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converter electrically coupled to the solar panel, the battery assembly, and the lighting assembly
for powering the lighting assembly using the battery assembly and/or the solar panel, and for
charging the battery assembly using the solar panel. When powering the lighting assembly using
the battery assembly, the multiple-input power converter acts for determining a required period of
time for powering the lighting assembly, determining the power level of the battery assembly,
calculating a required power consumption rate based on the power level of the battery assembly
and the required period of time, and electrically connecting one or more of the plurality of lighting
groups to the battery assembly such that the power consumption rate of said one or more of the
plurality of lighting groups is at or about the required power consumption rate.

In some embodiments, the lighting devices comprise Light-Emitting Diodes (LEDs).

In some embodiments, the solar panel, the battery assembly, the lighting assembly, and
the multiple-input power converter are spatially close to each other.

According to one aspect of this disclosure, therein is disclosed a lighting svstem. The
lighting system comprises: a power source having a solar panel and a battery assembly; a lighting
assembly having a plurality of lighting devices arranged into a plurality of lighting groups, the
light assembly having a predetermined maximum power; and a multiple-input power converter
electrically coupled to the power source and the lighting assembly for powering the lighting
assembly using the power source, and for charging the batterv assembly using the solar panel. The
multiple-input power converter is configured for: determining the start of a period of time with a
predictable time length and during which the lighting assembly is to be powered by the battery
assembly and the solar panel is not applicable for charging the batiery assembly; determining a
length of the period of time; determining a level of stored energy in the battery assembly:
calculating a power upper-bound based on the level of stored energy in the battery assembly and
the length of the period of time: comparing the power upper-bound with the maximum power of
the lighting assembly and selecting at least a subset of the lighting groups having a total power
smaller than or equal to the calculated power upper-bound; and powering the selected lighting
groups using the battery assembty.

In some embodiments, said companng and selecting step comprises: comparing the power
upper-bound with the maximum power of the lighting assembly and selecting at least a subset of
the lighting groups having a total power being the largest among all combinations of the lighting
groups and smaller than or equal to the calculated power upper-bound.

In some embodiments, said comparing and selecting step comprises: if the power upper-
bound is smaller than a minimum power of the lighting groups, selecting the lighting group having

the minimum power.
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In some embodiments, the lighting system further comprises a clock; and said determining
the start of the period of time comprises: determining the start of the period of time using at least
the clock.

In some embodiments, said determining the length of the period of time compnses:
determining the length of the period of time using at least the clock.

In some embodiments, the lighting system further comprises a light sensor; and said
determining the start of the period of time comprises: determining the start of the period of time
using at least the ight sensor.

In some embodiments, said determining the length of the period of time comprises:
determining the length of the period of time using at least the light sensor.

In some embodiments, the lighting devices comprise Light-Emitting Diodes (LEDs).

In some embodiments, the solar panel, the battery assembly, the lighting assembly, and
the multiple-input power converter are spatially positioned adjacent each other.

In some embodiments, the lighting system further comprises an alternate current (AC)
power input for coupling to an AC power source and selectively powering the lighting assembly.

According to one aspect of this disclosure, therein is disclosed a method for powering a
lighting assembly using a battery assembly. The lighting assembly comprises a plurality of
lighting devices arranged into a plurality of lighting groups. The battery assembly is chargeable
by a solar panel. The method comprises: determining the start of a period of time with a predictable
time length and during which the lighting assembly is to be powered by the battery assembly and
the solar panel is not applicable for charging the battery assembly; determining a length of the
period of time; determining a level of stored energy in the battery assembly; calculating a power
upper-bound based on the level of stored energy in the batterv assembly and the length of the
peried of time; comparing the power upper-bound with the maximum power of the lighting
assembly and selecting at least a subset of the lighling groups having a total power smaller than
or equal to the calculated power upper-bound; and powering the selected lighting groups using the
batterv assembly.

In some embodiments, said comparing and selecting step comprises: comparing the power
upper-bound with the maximum power of the lighting assembly and selecting at least a subset of
the lighting groups having a total power being the largest among all combinations of the lighting
groups and smaller than or equal to the calculated power upper-bound.

In some embodiments, said comparing and selecting step comprises: if the power upper-
bound is smaller than a minimum power of the lighting groups, selecting the lighting group having

the minimum power,
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In some embodiments, said determining the start of the period of time comprises:
determining the start of the period of time using at least a clock.

In some embodiments, said determining the length of the period of time comprises:
determining the length of the period of time using at least the clock.

In some embodiments, said determining the start of the period of time comprises:
determining the start of the period of time using at least a light sensor.

In some embodiments, said determining the length of the period of time comprises:

determining the length of the period of time using at least the light sensor

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the present disclosure will now be described with reference to the
following figures in which identical reference numerals in different figures indicate identical
elements, and in which:

FIG. 1 is a schematic diagram of a prior-art street light system having a solar panel and a
battery assembly:

FIG. 2 is a block diagram of the prior-art LED street light system shown in FIG. 1;

FIG. 3 is a schematic diagram of a LED lighting system, according to some embodiments
of this disclosure;

FIG. 4A is a schematic perspective view of a powering and lighting assembly of the LED
lighting system shown in FIG. 3;

FIG. 4B is a schematic cross-sectional view of the powering and lighting assembly shown
in FIG. 4A, the powering and lighting assembly comprising a solar panel, a battery assembly. a
plurality of LEDs arranged into a plurality of LED lighting groups, and other components;

FIG. 5 is block diagram of the powering and lighting assembly shown in FIG. 4A;

FIG. 6 is an electrical circuit diagram of the powering and lighting assembly shown in
FIG. 4A;

FIG. 7 is a flowchart showing the steps of an illumination process for selectively powering
one or more LED lighting groups using the battery assembly during a night time;

FIG. 8 is block diagram of the powering and lighting assembly shown in FIG. 4A having
an Alternate Current (AC) input, according to some alternative embodiments of this disclosure;

FIG. 9is an electrical circuit diagram of the powering and lighting assembly shown in FIG.
8: and

FIG. 10 shows the electrical circuit diagram of FIG. 9, wherein the electrical circuit is set

to use the AC input for powering the LED assembly.
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DETAILED DESCRIPTION

Embodiments herein disclose a LED lighting system which may be a LED street light in
some embodiments. The LED lighting system disclosed herein comprises a plurality of power
sources (also interchangeably denoted as energy sources), a multiple-input power converter, and
a plurality of LEDs. The LED lighting system disclosed herein powers the LEDs in an efficient
manner.

In some embodiments, the LED lighting system disclosed herein is an integrated LED
lighting system having a multiple-input power converter for efficiently transferring power from a
plurality of energy sources.

The multiple-input power converter adaptively adjusting the power output 1o the LEDs
based on the needs (described later) for achieving prolonged lighting operation even when the
battery assembly has low power, thereby increasing the reliability and flexibility of the LED
lighting system. In some embodiments, the LED lighting system disclosed herein also comprises
various ancillary sensors such as a light sensor, a camera, a motion sensor, and the like.

Tuming now to FIG. 3, a LED lighting svstem is shown and is generally identified using
reference numeral 100, according to some embodiments of this disclosure. The LED lighting
system 100 in these embodiments is a LED street-light system and comprises a powering and
lighting assembly 102 coupled to a post 104.

As shown in FIGs. 4A and 4B, the powering and lighting assembly 102 comprises a
Photovoltaics (PV) panel 104, an energy storage device 106 such as a battery assembly having
one or more batlery cells, a multiple-input power converter 108, and an LED assembly 110 having
a plurality of LEDs 112. All of these components 104 to 110 are integrated together, with the
battery assembly 106 and the multiple-input power converter 108 sandwiched between the PV
panel 104 and the LED assembly 110, thereby avoiding long lengths of wiring from the battery
assembly 106. In these embodiments, the integrated powering and lighting assembly 102 also
comprises one or more sensors (not shown).

As those skilled in the art will appreciate, the integrated powering and lighting assembly
102 may be enclosed in a housing (not shown) with the PV panel 104 facing a transparent portion
of the housing for receiving therethrough sunlight, and the LED assembly 110 facing another
transparent portion of the housing for providing a source of illumination.

FIG. 5 is a block diagram of the powering and lighting assembly 102. As shown, the
multiple-input power converter 108 uses the energy {rom the solar panel 104 and/or the ballery
assembly 106 to power the LED assembly 110 at selective time periods and uses the energy from
the solar panel 104 to charge the battery assembly 106. The multiple-input power converter 108

also receives sensor data from the sensors 122 such as one or more light sensors, cameras, and
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motion sensors, and uses the received sensor data to manage the charging of the battery assembly
106 and the powering of the LED assembly 110.

FIG. 6 is an electrical circuil diagram of the powering and lighting assembly 102. As
shown, the LEDs 112 of the assembly 110 are arranged into a plurality of LED lighting groups or
columns 114. Each LED lighting group 114 is controlled by a group switch 132 of the multiple-
input power converter 108 (described later). The grouping of the LEDs 112 may be based on any
suitable criteria or as desired or needed. For example, in these embodiments, the grouping of the
LLEDs 112 is based on a requirement that the illumination of each LED lighting group 114 is higher
than a minimum illumination level.

In this embodiment, the multiple-input power converter 108 is a switched DC/DC power
convertor. The multiple-input power converter 108 comprises an inductor 134 such as a copper-
core inductor, for processing the power obtained from the solar panel 104 and the power through
the battery assembly 106. The multiple-input power converter 108 also comprises a set of control
switches 142 to 148 controlled by a controller 152 and operate (i.e., switch on/off) at a
predetermined high frequency for charging the batterv assembly 106 and for powering LEDs 112.

In particular, the controller 152 receives the above-described sensor data from the light
sensor 122 and configures the group switches 132 and the control switches 142 to 148 based on
the received sensor data for charging the battery assembly 106 and for adjusting the lighting of
the LED assembly 110. The controller 152 controls the control switches 142 and 146 teo switch
on/off (or close/open) at the predetermined frequency with the gate pulses for switches 142 and
146 being complementary to control the current coming out of the solar panel 104. The
controller 152 also controls switches 144 and 148 to switch on/off at the predetermined frequency
with the gate pulses for switches 144 and 148 being complementary 1o conirol the current through
the battery assembly 106.

In these embodiments, the multiple-input power converter 108 uses maximum power point
tracking for obtaining maximum available power output of the solar panel 104 under various
conditions such as solar radiation, ambient temperature, solar cell temperature, and the like. As
described above, the multiple-input power converier 108 manages the solar panel 104 to
constantly charge the battery assembly 106 when ambient illumination is sufficient such as during
most or all daytime hours when there is sulficient sunlight, and manages the battery assembly 106
to power the LEDs 112 at night time and/or as needed (e.g., the area about the LEDs 112 being
dark during daytime hours).

At night time, the multiple-input power converter 108 (and more specifically a controlling
circuitry thereof, described in more detail later) monitors the level of the energy stored in the

battery assembly 106 and dynamically adjusts the power consumption of the LED assembly 110
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by controlling the open/close of the group switches 132, In particular, the multiple-input power
converter 108 repeatedly (such as periodically or alternatively in a random manner) executes an
illumination process to operate the LED assembly 110 between a predetermined maximum power
and a predetermined minimum power. Herein, the maximum power and minimum power refer to
the energy consumption rates and may be conveniently described with a unit of Watt. The
maximum power 1s substantially the total power of all LEDs 112 of the LED assembly 110 when
all group switches 132 are closed. The minimum power is the smallest LED-column power of the
LLED columns 114. In embodiments that all LED columns have the same power (e.g., all LED
columns having the same number of LEDs and all LEDs are of the same power level), the
minimum power is the total power of the LEDs 112 of a LED column 114, and the LED assembly
110 may be configured to the minimum power by closing any one of the group switches 132 and
open all other group switches. In embodiments that the LED columns have different power levels,
the minimum power is the total power of the LEDs 112 of the LED column 114 that has the
smallest power level, and the LED assembly 110 may be configured to the minimum power by
closing the group switch 132 corresponding to the minimum-power LED column and open all
other group swiiches.

FIG. 7 is a flowchart showing the illumination process 160.

The illumination process 160 starts when the controlling circuitry of the multiple-input
power converter 108 determines that the LED assembly 110 is to be powered by the battery
assembly 106 for a period of time for example, a night time, with a predictable time length and
during which the solar panel 104 is not applicable (or charging the battery assembly 106. [n some
embodiments, the start of such a period of time may be determined by using a clock or timer (e.g.,
determining the start of the night time using the clock). In some embodiments, the clock is
configured for determining the current date and time. The controlling circuitry thus uses the
current date and time for determining the start of the night time. In some embodiments, the start
of the night time may be predetermined based on the current date and time and taking into account
of the daylight-saving time if applicable.

In some other embodiments, a light sensor is used for determining the start of the night
time. In some embodiments, a clock and a light sensor may be used for more accurately
determining the night {ime.

After the illumination process 160 starts, the controlling circuitry of the multiple-input
power converler 108 determines the length of the above-described period of time (denoted a
“required LED-powering time-period” hereinafter) such as the period of time for powering the
LED assembly 110 from the current time to the sunrise time at which the solar panel 104 can start

to charge the battery assembly 106 (step 162).



15

20

25

30

35

CA 03044482 2019-05-21

WO 2019/056113 PCT/CA2018/051181

In some embodiments, the sunrise time may be determined based on the current date and
may take into account of the daylight-saving time if applicable. In some alternative embodiments,
the controlling circuilry determines the sunrise time using the sunrise time of the previous day.
During the execution of the illumination process 160, the controlling circuitry uses a light sensor
or monitors the output of the solar panel 104 to determine a time (denoted an “updated sunrise
time™ heretnafter) that the solar panel 104 starts to receive sufficient sunlight for charging the
battery assembly 106. The controlling circuitry then stops the illumination process 160 and uses
the updated sunrise time in step 162 during the next execution of the illumination process 160.

Referring to FIG. 7, the controlling circuitry of the multiple-input power converter 108
determines the current level of stored energy in the battery assembly 106 (step 164), and calculates
a power upper-bound based on the level of stored energy in the battery assembly 106 and the
length of the required LED-powering time-period (step 166). The calculated power upper-bound
is the highest energy consumption rate of the LED assembly 110 that allows the battery
assembly 106 to power the LED assembly 110 for at least the required LED-powering time-period,
and is also a preferred LED energy consumption rate that may provide the maximum illumination
without exhausting the stored energy of the battery assembly 106 before the battery assembly 106
can be charged by the solar panel 104.

Then, the multiple-input power converter 108 compares the calculated power upper-bound
and the maximum power, and determines which LED columns 1 14 shall be powered such that the
energy consumption rate of the LED assembly 110 is smaller than or equal to the preferred LED
power consumption rate.

In particular, the controlling circuitry of the multiple-input power converter 108 checks if
the calculated power upper-bound is greater than the predelermined maximum power (step 168).

If the calculated power upper-bound is greater than or equal to the maximum power. the
battery assembly 106 thus has sufficient energy stored therein to power all LEDs to the sunrise
time. Therefore, all group switches 132 are closed to allow the battery assembly 106 to power all
LEDs 112 thereby obtaining maximum illumination (step 170).

If the calculated power upper-bound is smaller than the maximum power, the controlling
circuttry of the multiple-input power converter 108 then selects one or more LED columns | 14
that the lotal power thereof is smaller than or equal 1o the calculated power upper-bound (step
172). In embodiments where all LED columns 114 have the same power, the controlling circuitry
of the multiple-input power converter 108 determines the number N of LED columns 114 that the
total power thereof is smaller than or equal to the calculated power upper-bound, and may select
any N LED columns. The selection of the N LED columns may be randomly or in an altemate

manner such that each LED column |14 may have a comparable illumination time. In some
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embodiments, the controlling cirewtry of the multiple-input power converter 108 at step 172
selects one or more LED columns 114 that have a total power being the largest among all
combinations of the LED columns and smaller than or equal 1o the calculated power upper-bound.
In this way, the energy consumption rate of the LED assembly 110 is al a maximum rate that is
smaller than or equal to the preferred LED power consumption rate.

If the calculated power upper-bound is smaller than the minimum power, the LED column
having the minimum power is selected.

At step 174, the group switches 132 corresponding to the selecied one or mare 1.ED
columns 114 are closed and other group switches are open for only tuming on the selected LED
columns 114 for illumination.

By using the process 160, the system 100 then provides the maximum illumination without
exhausting the stored energy of the battery assembly 106 before the battery assembly 106 can be
charged by the solar panel 104, or provides the longest illumination time if the stored energy of
the battery assembly 106 is insufficient to power any LED column 114 to the sunrise time.

In some embodiments, when the system determines that the stored energy of the battery
assembly 106 is insufficient to power any LED column 114 to the sunrise time, the multiple-input
power converter 108 may also output a warning or an alert signal.

With above-described design, the resiliency of the powering and lighting assembly 102 is
increased, and a utility power grid may not be required for powering the LED assembly 110.

In some embodiments, the powering and lighting assembly 102 may comprise an AC input
for connecting 10 an AC utility power grid for powering the LED assembly 110. The powering
and lighting assembly 102 in these embodiments is particularly suitable for upgrading existing
AC-powered street lights and for use at locations where the wiility grid and the required
connections are already in place for the street light system.

FIG. 8is a block diagram of the powering and lighting assembly 102 in these embodiments.
FIG. 9 is an electrical circuit diagram of the powering and lighting assembly 102 shown in FIG.
8.

The powering and lighting assembly 102 in these embodiments is similar to that shown in
FIGs. 5 and 6 except that the powering and lighting assembly 102 in these embodiments further
comprises an AC input 202 for connecting o an AC power source 204 such as an AC utility power
grid as an additional power source for the LED assembly 110.

As shown in FIG. 9, the AC input 202 is electrically coupled to the LED assembly 110 via
a three-way switch 206 which may be configured to switch between the solar panel 104 and battery
assembly 106 to use the solar panel 104 and battery assembly 106 as the power source of the LED
assembly 110, and the AC utility power grid 204 as the power source of the LED assembly 110.
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The AC circuit portion comprises a full-wave rectifier 212 for converting the AC power 204 to
DC, a set of switches 208 and 210 operable (i.e., switching on/off) at a predetermined high
frequency, and an inductor 214.

In the example shown in FIG. 9, the three-way switch 2006 is configured 1o select the solar
panel 104 and battery assembly 106 for powering the LED assembly 110.

As shown in FIG. 10, the three-way switch 206 1s configured to select the AC input 202
for powering the LED assembly 110. In this configuration, the controller 152 controls the switches
208 and 210 to switch on/off at a predetermined high frequency with the gate pulses for swrtches
208 and 210 being complementary to control the current flowing through the inductor 214 to
control the amount of current flowing through the inductor 214 and in turn, the LEDs 112. As
described above, the controller 152 may control the group switches 132 to adjust the load and
llumination. Those skilled in the art will also appreciate that, while the AC input 202 is used for
powering the LED assembly 110, the solar panel 104 may still be used for charging the battery
assembly 106 by setting the switches 142 and 144 to close and setting the switches 146 and 148
to open.

Although in above embodiments, the powering and lighting assembly 102 is an integrated
device, in some alternative embodiments. the components thereof such as the solar panel 104, the
multiple-input power converter 108 and/or the battery assembly 106 may be separately from each
other but remain functionally coupled.

Although in above embodiments, the battery assembly 106 is spatially positioned close to
the solar panel 104 and the LED assembly 110 to avoid long lengths of wirng, in some alternative
embodiments, the solar panel 104 may be positioned at a selected distance from the battery
assembly 106 and the LED assembly 110 at a location that may receive maximum sunlight
illumination.

Although in above embodiments, LEDs are used for illumination, in some other
embodiments, other types of lighting devices such as incandescent lights, Compact Fluorescent
Lamps (CFLs), and the like may also be used for illumination.

Those skilled in the art will appreciate that the switches described above may be any
suitable switching devices such as electrical-mechanical on-off switches, metal-oxide-
semiconductor field-effect transistors (MOSFETSs), and/or the like.

Although embodiments have been described above with reference to the accompanying
drawings, those of skill in the art will appreciate that variations and modifications may be made

without departing from the scope thereof as defined by the appended claims.
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WHAT IS CLAIMED 1IS:
1. A lighting system comprising;
a power source having a solar panel and a batlery assembly;
a lighting assembly having a plurality of lighting devices arranged into a plurality of
lighting groups, the light assembly having a predetermined maximum power; and
a multiple-input power converter electrically coupled to the power source and the lighting
assembly for powering the lighting assembly using the power source, and for charging the battery
assembly using the solar panel;
wherein the multiple-input power converter is configured for:
determining the start of a period of time with a predictable time length and during
which the lighting assembly is to be powered by the battery assembly and the solar panel
is not applicable for charging the battery assembly;
determining a length of the period of time;
determining a level of stored energy in the battery assembly;
calculating a power upper-bound based on the level of stored energy in the battery
assembly and the length of the period of time;
comparing the power upper-bound with the maximum power of the lighting
assembly and selecting at least a subset of the lighting groups having a total power smaller
than or equal to the calculated power upper-bound; and

powering the selected lighting groups using the battery assembly.

2. The lighting system of claim 1, wherein said comparing and selecting step comprises:
comparing the power upper-bound with the maximum power of the lighting assembly and
selecting at least a subset of the lighting groups having a total power being the largest among all

combinations of the lighting groups and smaller than or equal to the calculated power upper-bound.

3. The lighting system of claim 1 or 2, wherein said comparing and selecting step comprises:
if the power upper-bound is smaller than a minimum power of the lighting groups,

selecting the lighting group having the minimum power.
4. The lighting system of any one of claims 1 to 3 further comprising a clock; and wherein

said determining the start of the period of time comprises:

determining the start of the period of time using at least the clock.
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S. The lighting system of claim 4, wherein said determining the length of the period of time
comprises:

determining the length of the period of time using at least the clock.

6. The lighting system of any one of claims 1 to 5 further comprising a light sensor; and
wherein said determining the start of the period of time comprises:

determining the start of the period of time using at least the light sensor.

7. The lighting system of claim 6, wherein said determining the length of the period of time
comprises:

determining the length of the period of time using at least the light sensor.

8. The lighting system of any one of claims | to 7, wherein the lighting devices comprise
Light-Emitting Diodes (LEDs).

9, The lighting system of any one of claims 1 to 8, wherein the solar panel, the battery
assembly. the lighting assembly, and the multiple-input power converter are spatially positioned

adjacent each other.

10.  The lighting system of any one of claims 1 to 9 further comprising an alternate current
(AC) power input for coupling to an AC power source and selectively powering the lighting

assembly.

11, Amethod for powering a lighting assembly using a battery assembly, the lighting assembly
comprising a plurality of lighting devices arranged into a plurality of lighting groups. the battery
assembly being chargeable by a solar panel, the method comprising:

determining the start of a period of time with a predictable time length and during which
the lighting assembly is to be powered by the battery assembly and the solar panel is not applicable
for charging the batterv assembly;

determining a length of the period of time;

deternuning a level of stored energy in the battery assembly;

calculating a power upper-bound based on the level of stored energy in the battery
assembly and the length of the period of time;

13
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comparing the power upper-bound with the maximum power of the lighting assembly and
selecting at least a subset of the lighting groups having a total power smaller than or equal to the
calculated power upper-bound; and

powering the selected lighting groups using the battery assembly .

12, The method of claim 11, wherein said comparing and selecting step comprises:
comparing the power upper-bound with the maximum power of the lighting assembly and
selecting at least a subset of the lighting groups having a total power being the largest among all

combinations of the lighting groups and smaller than or equal to the calculated power upper-bound.

13 The method of claim 11 or 12, wherein said comparing and selecting step comprises:
if the power upper-bound is smaller than a minimum power of the lighting groups,

selecting the lighting group having the minimum power.

14. The method of any one of claims 11 to 13, wherein said determining the start of the period
of time comprises:

determining the start of the period of time using at least a clock.

15.  The method of claim 14, wherein said determining the length of the period of time
comprises:

determining the length of the period of time using at least the clock.

16, The method of any one of claims 11 to 15, wherein said determining the start of the period
of time comprises:

determining the start of the period of time using at least a light sensor.
17.  The method of claim 16 wherein said determining the length of the period of time

comprises:

determining the length of the period of time using at least the light sensor.
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