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(57) Abréegée/Abstract:
A presence and an absence of a person or object of interest (an "occupant”) Is detected, and an occupancy sensor signal Is
generated indicating an active state In which the presence of the occupant is detected, and an inactive state in which the absence
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(57) Abrege(suite)/Abstract(continued):

of the occupant Is delected. An ambient light sensor detects the ambient light level and generates an ambient light sensor signal
Indicating the ambient light level. Dimmable illumination is generated at a first level, based on the ambient light level, corresponding
to the active state and a second level corresponding to the inactive state. A transition delay time between an onset of the inactive
state and a transition between the first dimming level and the second dimming level may be controlled. The first dimming level, the
second dimming level, and/or the transition delay time may be variably set or controlled locally or via a remote device.
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(57) Abstract: A presence and an absence of a person or ob-
ject of interest (an "occupant") is detected, and an occupancy
sensor signal 1s generated indicating an active state In which
the presence of the occupant 1s detected, and an mactive state
in which the absence of the occupant 1s delected. An ambient
light sensor detects the ambient light level and generates an
ambient light sensor signal indicating the ambient light level.
Dimmable illumination 1s generated at a first level, based on
the ambient light level, corresponding to the active state and

a

second level corresponding to the mactive state. A trans-

ition delay time between an onset of the inactive state and a
transition between the first dimming level and the second
dimming level may be controlled. The first dimming level,
the second dimming level, and/or the transition delay time
may be variably set or controlled locally or via a remote
device.
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METHODS, APPARATUS AND SYSTEMS FOR PROVIDING
OCCUPANCY-BASED VARIABLE LIGHTING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. § 119 of U.S. Provisional
Application No. 61/454,939, filed March 21, 2011, and entitled “Methods, Apparatus and
Systems for Providing Occupancy-Based Variable Lighting,” which application 1s hereby

incorporated herein by reference 1n 1ts entirety.

[0002] This application also claims the benefit under 35 U.S.C. § 119 of U.S. Provisional
Application No. 61/577,354, filed December 19, 2011, and entitled “Methods, Systems, and
Apparatus for Daylight Harvesting,” which application 1s hereby incorporated herein by

reference 1n 1ts entirety.

BACKGROUND

[0003] Lighting applications based on occupancy and/or motion sensing are known, in
which one or more lighting fixtures provide 1llumination 1n a space/area based on detection of
object movement and/or presence of a person 1n the space/area. Various sensitivities may be
provided for a range (¢.g., distance/arca) around the lighting fixture(s) in which detection of
motion and/or a presence of a person triggers the lighting fixture(s) to turn on so as to
illuminate the space/arca. In any event, in terms of providing illumination based on
occupancy/motion sensing, control of the lighting fixture(s) 1s limited to switching the

lighting fixture(s) between full-on and full-off lighting states.

[0004] In connection with occupancy sensing, occupancy sensors use different
technologies to detect the presence or absence of people 1n a space, including passive infrared
(PIR), ultrasonic, and dual-technology. In many situations, 1t 1s desirable (but not necessary)
for lighting to be activated as soon as a person/object of interest enters a particular area of
interest. PIR sensors sense the difference in heat emitted by humans in motion from that of
the background space. These sensors detect motion within a field of view that generally
requires a line of sight; they cannot “see” through obstacles and have limited sensitivity to
minor (hand) movement at distances typically greater than 15 feet. The sensor 1s most

sensitive to movement laterally across the sensor's field of view, which can be adjusted.

[0005] PIR sensors generally are most suitable for smaller, enclosed spaces (wall switch

sensors), spaces where the sensor has a view of the activity (ceiling- and wall-mounted
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sensors), and outdoor arcas and warchouse aisles. Potentially incompatible application
characteristics include low motion levels by occupants, obstacles blocking the sensor's view,

mounting on sources of vibration, or mounting within 6 feet to 8 feet of HVAC air diffusers.

[0006] Ultrasonic sensors use the Doppler principle to detect occupancy through emitting
an ultrasonic high-frequency signal throughout a space, sense the frequency of the reflected
signal, and interpret change 1in frequency as motion 1n the space. These sensors do not require
a direct line of sight and instead can “see” around corners and objects, although they may
need a direct line of sight if fabric partition walls are prevalent. In addition, ceilling-mounted
sensor effective range declines proportionally to partition height. Ultrasonic sensors are more
cttective for low motion activity, with high sensitivity to minor (hand) movement, typically
up to 25 feet. The sensor 18 most sensitive to movement to and from the sensor. Ultrasonic
sensors typically have a larger coverage arca than PIR sensors. The sensor's view cannot be

adjusted.

[0007] Ultrasonic sensors arec most suitable for open spaces, spaces with obstacles,
restrooms, and spaces with hard surfaces. Potentially incompatible application characteristics
include high ceilings (greater than 14 feet), high levels of vibration or air flow (which can
cause nuisance switching), and open spaces that require selective coverage (such as control of

individual warechouse aisles).

[0008] Dual-technology sensors employ both PIR and ultrasonic technologies, activating
the lights only when both technologies detect the presence of people, which virtually
climinates the possibility of false-on, and requiring either one of the two technologies to hold
the lights on, significantly reducing the possibility of false-off. Appropriate applications
include classrooms, conference rooms, and other spaces where a higher degree of detection

may be desirable.

[0009] For effective occupancy sensing, generally required coverage arca and required
sensitivity are coordinated by a lighting designer/engineer. Generally the designer must
determine range and coverage arca for the sensor, based on the desired level of sensitivity.
Manufacturers of sensors publish range and coverage area for sensors 1n their product
literature, which may be different for minor (hand) motion and major (full-body) motion.
Various coverage sizes and shapes are available for each technology. In a small space, one
sensor may casily provide sufficient coverage. In a large space, it may be desirable to

partition the lighting load into zones, with each zone controlled by one sensor.
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[0010] In some instances, after presence or motion 1s no longer detected, the lighting
fixture(s) may transition from a full-on to a full-off state (so as to no longer provide
illumination) according to one or more predetermined or fixed options for a transition delay
between the on and off states. Such a delay often 1s manually set via a switch, dial, or other
user interface on a lighting fixture itself. In many conventional lighting applications
involving fluorescent or HID lighting fixtures, for example, minimum times for such
transition delays are determined in significant part by operating characteristics and
requirements for the fixtures. For example, according to exemplary warranty requirements
associated with fluorescent and HID fixtures, these fixtures are recommended to remain in an
on-state for a mimimum amount of time (e.g., on the order of 10 to 15 minutes) so as to
mitigate functional wear and tear on the electrical and lighting components and reduced

fixture life.
SUMMARY

[0011] Applicants have recognized and appreciated that LED-based light sources allow
for greater flexibility and scope of control of generated light as compared with other types of
conventional light sources such as fluorescent and HID light sources. In particular, power
can be applied to and removed from LED light sources (1.¢., “cycled”) at notably higher rates
without particular requirements for minimum on-time or cycling rates, as compared to
fluorescent and HID light sources. Furthermore, LED-based light sources may be controlled
(¢.g., via a processor) to provide programmable (¢.g., variably dimmable) 1llumination at a

varicty of light levels.

[0012] Applicants have further recognized and appreciated that, as a result of the
significant range of operation and functionality available with LED-based light sources,
multiple attributes of 1llumination generated by LED-based light sources may be controlled 1n
a flexible manner to provide customizable pre-set or variable lighting based on occupancy or
motion sensing as well as on ambient light levels of the environment 1lluminated by the LED-

based light sources.

[0013] In view of the foregoing, various inventive embodiments disclosed herein relate to
methods, apparatus and systems for providing occupancy- and ambient light-based variable
lighting using LED-based light sources. For purposes of the present disclosure, “occupancy-
based” refers to any of a variety of sensing modalities (¢.g., motion sensing,

distance/proximity sensing, infrared or heat sensing, etc.) that facilitate detection of a
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presence (and/or an absence) of an object of mterest and/or a person 1n an area to be
illuminated (e.g., within a particular range/distance of one or more lighting fixtures providing
illumination, and/or within an area substantially corresponding to a footprint of the

illumination on ground, pavement or other surface, etc.).

[0014] In one exemplary embodiment, an LED-based lighting apparatus includes an
occupancy or motion sensor, an ambient light sensor, a state machine controller, memory,
and one¢ or more communication interfaces to provide for communication between the
lighting apparatus and a central controller (e.g., external/remote computer-based controller),

and/or between any two or more LED-based lighting apparatus.

[0015] As would be readily appreciated by one of skill in the art, a state machine 1s a
behavioral model that may be implemented by one or more hardware or software controllers
(c.g., employing digital logic circuitry, and/or one or more processors executing instructions).
A state machine implements a finite number of states, transitions between those states, and
actions that may be taken 1n one or more of the states. State machines often are defined in
terms of one or more mputs from which a given state may be determined, and one or more
outputs that implement a given state (¢.g., cause some action to be taken when 1n a given
state). The operation of the state machine begins from one of the states (called a start state),

and goes through transitions to different states depending on input(s).

[0016] In one aspect, the state machine of a given apparatus independently controls the
operation of the apparatus based at least on the occupancy or motion sensor, and optionally
on¢ or more other sensors (¢.g., that provide various information about the environment being

illuminated by the fixture).

[0017] In another aspect, i addition to occupancy-based and ambient light-based control
of 1llumination provided by a given apparatus, the state machine alternatively or additionally
may control 1llumination as a function of time and/or pursuant to one or more control signals

recerved from an external/remote controller.

[0018] In yet another aspect, by providing multiple inputs on which the state machine can
act, and multiple states accommodated/implemented by the state machine, 1llumination
generated by one or more lighting apparatus may be controlled 1n a sophisticated and
complex manner to reduce energy consumption, increase user comfort in connection with a
quality of 1llumination, and 1n some instances optimize virtually any measureable variable

assoclated with the lighting fixture(s).



CA 02830991 2013-09-20
WO 2012/129243 PCT/US2012/029834

[0019] In one exemplary implementation, a lighting apparatus according to one
embodiment mcludes a state machine having one control output, ¢.g., a “dimming level” for
illumination provided by the apparatus, and one mput, ¢.g., a “sensor input” from an
occupancy or motion sensor. In one aspect, the input to the state machine 1s provided as a
signal representative of an “‘active state” 1n which the presence of a person or object of
interest 1S detected for a given ambient light level, and an “inactive state” in which the
absence of the person/object of interest 18 detected for the given ambient light level. In
another aspect, at least two configuration parameters may be determined for the lighting
apparatus and stored 1n local memory, 1.¢., a first dimming level corresponding to
illumination provided in the active state for the given ambient light level, and a second
dimming level corresponding to 1llumination provided in the 1nactive state for the given light
level. The local memory may store additional configuration parameters, including a third
dimming level corresponding to the active state and a different (e.g., higher or lower) ambient
light level and fourth dimming level corresponding to the inactive state and the different
ambient light level. In yet another embodiment, a third configuration parameter may be
determined for the lighting apparatus, namely, a “transition delay time,” 1.¢., an amount of
time the apparatus stays in the "active" state after the sensor input to the state machine has
indicated that the occupancy/motion sensor no longer "sees" a person/object of interest. In
exemplary implementations, the dimming levels and/or the transition delay times may be

specified as/represented by digital values (e.g., 16- bit digital values).

[0020] Given the foregoing, a state machine for a lighting apparatus according to one

embodiment may have three states:

[0021] 1) “Active State:” the control output of the state machine 1s set to the first
dimming level corresponding to the Active State at the ambient light level sensed by the
ambient light sensor; 1f the sensor input to the state machine indicates the Active State, the

29

state machine stays in this state — otherwise, the state machine goes to a “Countdown State.

[0022] 2) “Countdown State:” the control output of the state machine 1s set to the first
dimming level corresponding to the Active State; 1f the sensor input to the state machine
indicates the Active State, the state machine goes to the Active State — otherwise, 1f the
transition delay time has passed, the state machine goes to an “Inactive State” — otherwise,

the state machine stays in the Countdown State.
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[0023] 3) “Inactive State:” the control output of the state machine 1s set to the second
dimming level corresponding to the Inactive State at the ambient light level sensed by the
ambient light sensor; 1f the sensor input to the state machine indicates the Active State, the
state machine goes to the Active State — otherwise, the state machine stays in the Inactive

State.

[0024] In sum, one embodiment of the present invention 1s directed to a lighting
apparatus, comprising a plurality of LED-based light sources to generate dimmable
illumination at a plurality of different dimming levels. The lighting apparatus further
comprises an occupancy sensor to detect a presence and an absence of an occupant within a
sensing range of the lighting apparatus and an ambient light sensor to detect an 1llumination
level within an 1llumination range of the lighting apparatus. The occupancy sensor generates
an occupancy sensor signal representative of an active state in which the presence of the
occupant 18 detected, and an 1nactive state in which the absence of the occupant 1s detected,
and the ambient light sensor generates an ambient light sensor signal representative of the
illumination level. The apparatus further comprises a controller, coupled to the at least one
sensor and the plurality of LED-based light sources, to control the plurality of LED-based
light sources based at least in part on the occupancy sensor signal and the ambient light
sensor signal. The controller: A) controls the plurality of LED-based light sources to
generate the dimmable 1llumination at a first dimming level of the plurality of different
dimming levels corresponding to the active state represented by the occupancy sensor signal
and the ambient light sensor signal; and B) controls the plurality of LED-based light sources
to generate the dimmable 1llumination at a second dimming level of the plurality of different
dimming levels corresponding to the mactive state represented by the occupancy sensor

signal and the ambient light sensor signal.

[0025] In one¢ aspect of the foregoing embodiment, the controller further: C) controls a
transition delay time between an onset of the inactive state and a transition between the first

dimming level and the second dimming level.

[0026] Another embodiment 1s directed to a lighting method, comprising: A) detecting a
presence and an absence of an occupant; B) generating an occupancy sensor signal based on
A), the at least one sensor signal representative of: B1) an active state in which the presence
of the occupant 1s detected; and B2) an inactive state in which the absence of the occupant 1s
detected; C) detecting an ambient light level; D) generating an ambient light sensor signal

based on C); E) generating dimmable 1llumination at a plurality of different dimming levels

6
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based at least in part on B) and on D), wherein E) comprises: E1) generating the dimmable
illumination at a first dimming level of the plurality of different dimming levels
corresponding to the active state and the ambient light level; and E2) generating the
dimmable 1llumination at a second dimming level of the plurality of different dimming levels

corresponding to the inactive state and the ambient light level.

[0027] Another embodiment 1s directed to a lighting apparatus, comprising: a plurality of
LED-based light sources to generate dimmable 1llumination at a plurality of different
dimming levels; an occupancy sensor to detect a presence and an absence of a person or an
object of interest; an ambient light sensor to detect an ambient light level; and a state
machine, coupled to the occupancy sensor, the ambient light sensor, and the plurality of
LED-based light sources, to control the plurality of LED-based light sources based at least 1n
part on an occupancy sensor signal from the occupancy sensor and an ambient light sensor
signal from the ambient light sensor. The state machine implements: A) an active state in
which the plurality of LED-based light sources are controlled to generate the 1llumination at a
first dimming level, based on the ambient light level, 1f the at least one sensor detects the
presence of the person or the object of interest; B) a countdown state in which the plurality of
LED-based light sources are controlled to generate the 1llumination at the first dimming level
if the occupancy sensor detects the absence of the person or the object of interest, and a
transition delay time has not expired; and C) an mnactive state in which the plurality of LED-
based light sources are controlled to generate the 1llumination at a second dimming level if
the occupancy sensor detects the absence of the person or the object of interest and the
transition delay time has expired. The state machine transitions between A) and B) when the
occupancy sensor first detects the absence of the person or the object of interest following
detection of the presence of the person or the object of interest. At least one of the first
dimming level, the second dimming level, and the transition delay time are controllably

variable.

[0028] Another embodiment 1s directed to a method for controlling a plurality of LED-
based light sources to generate dimmable 1llumination at a plurality of different dimming
levels. The method comprises: A) detecting a presence and an absence of a person or an
object of interest; B) detecting an ambient light level; C) controlling the plurality of LED-
based light sources to generate the 1llumination at a first dimming level, based on the ambient
light level, 1f the presence of the person or the object of interest 1s detected in A), and a

transition delay time has not expired; D) controlling the plurality of LED-based light sources

7
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to generate the 1llumination at a second dimming level 1f the absence of the person or the
object of interest 1s detected 1n A) and the transition delay time has expired; and E) remotely
controlling at least one of the first dimming level, the second dimming level, and the

transition delay time.

[0029] Other embodiments of the present invention disclose modular designs of lighting
systems that may be employed in a variety of environments. These lighting systems may
employ lighting fixtures that may be LED or non-LED based, or a combination of both and

that may be modularly designed for different directions and beam angles.

[0030] An aspect of the present invention discloses methods and systems for managing
lighting 1n a plurality of environments, such as warchouse, manufacturing facility, parking
garages, street lighting, prisons, gymnasiums, indoor pools, stadiums, bridges, tunnels, and

some other types of environments.

[0031] Embodiments of the present invention may disclose methods and systems for
delivering light as a resource by controlling and managing lighting systems based on

mutually agreed parameters between an operator of the environment and a third party.

[0032] In an embodiment of the present invention, methods and systems may be provided

for managing lighting in the environment based on mmformation regarding energy demand.

[0033] In an aspect of the present invention, methods and systems may be disclosed for
managing lighting in the environment based on the alternative energy and utility energy

demand information.

[0034] Embodiments of the present invention may also disclose methods and systems for
managing lighting in the environment based on the information regarding alternative/utility

energy storage.

[0035] In an embodiment, methods and systems may be provided for regulating the

lighting systems through a network based on the assessment of various demand information.

[0036] In an aspect of the present invention, methods and systems for managing lighting
systems 1n the environment may include measuring lighting conditions 1n the environment

and validating them based on mutually agreed parameters.

[0037] In another aspect of the present invention, modular lighting systems with variable

lumen output and beam angles may be provided.
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[0038] In an embodiment, modular lighting systems with management units and frames

may be provided.

[0039] Embodiments of the present invention may disclose centrally controlled intelligent

lighting systems for management of high bay fixtures in various environments.
[0040] In an embodiment, the control may be a wireless control.

[0041] In an aspect of the present mmvention, methods and systems for management of the
lighting systems by performing lighting predictions based on past performance of the lighting

systems may be provided.

[0042] Embodiments of the present invention may disclose use of sensors and tracking

tools for intelligently managing the lighting 1n the environments.

[0043] In other embodiments, various lighting systems including fixtures with variable
luminous efficacy, modular power connector system, and user-replaceable optical component

may be provided.
[0044] In another embodiment, lighting systems with LED multi-head may be provided.

[0045] In another embodiment, lighting systems with integral emergency lighting
function, integrated RFID reader, lighting control system with electricity demand response
interface, integrated clectricity time-shift, integrated payment gateway, integrated camera for
facility security systems, and ruggedized or explosion-proof LED fixture with integrated

sensing and network, may be provided.

[0046] In an aspect of the present invention, methods and systems may be provided for
managing artificial lighting in an environment. The method may include providing a
plurality of lighting systems 1n the environment, storing a plurality of mutually agreed upon
lighting parameters 1n a database, regulating the artificial lighting in the environment 1n
accordance with the stored lighting parameters by automatically making a lighting
measurement 1n the environment, comparing the lighting measurement with at least one of
the stored lighting parameters, and making an adjustment to at least one of the lighting
systems through the data network 1n accordance with the comparison. The lighting
measurement 1n the environment may also be the measurement of a light level 1n the
environment that may include natural light. Each of the plurality of the lighting systems may

be associated with a data network and may be controlled through 1t. The mutual agreement
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for storing the lighting parameters may be between an operator of the environment and a third

party manager of the artificial lighting.

[0047] The method may further include a third party manager user interface that may be
adapted to provide the third party manager of the artificial lighting with tools for adjusting at
lecast one of the lighting systems. The third party manager user interface may be adapted to
provide the third party manager of the artificial lighting with tools for changing at least one of
the plurality of stored lighting parameters. Further, the third party manager user interface
may be adapted to provide the third party manager of the artificial lighting with tools for
adding a new lighting parameter to the plurality of stored lighting parameters. Furthermore,
the third party manager user interface may be adapted to provide the third party manager of
the artificial lighting with tools for removing at least one of the lighting parameters from the
plurality of stored lighting parameters. Still further, the third party manager user interface
may be adapted to provide the third party manager of the artificial lighting with tools for
manually overriding the automated decisions made according to the stored lighting
parameters. The third party manager user interface may also be adapted to provide the third
party manager of the artificial lighting with tools for determining which of the stored lighting
parameters may be modified by the operator of the environment. Similarly, the method may
include an operator user interface that may be adapted to provide an operator of the
environment with tools for adjusting at least one of the lighting systems. In other
embodiments, the operator user interface may be adapted to provide an operator of the
environment with tools for changing at Ieast one of the plurality of stored lighting parameters.
In another embodiment, the operator user interface may be adapted to provide an operator of
the environment with tools for visualizing the energy consumed by at least one of the lighting

Systems.

[0048] In embodiments, at Icast one of the lighting systems may be an LED lighting
system. In embodiments, the beam angle produced by the LED lighting system may be
altered, wherein the alteration may be a result of the comparison. Further, the LED lighting
system may include a plurality of LED light strips; cach of the plurality of light strips may
produce a beam angle projected to cover a different arca. In embodiments, the different areas
may be 1n part overlapping. In embodiments, the method may further include storing a
plurality of energy demand parameters wherein each of the plurality of energy demand
parameters may be associated with a lighting regulation parameter such that when energy

demand 1nformation 1s provided, at least one lighting system may be controlled in accordance
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with the lighting regulation parameter. This energy demand parameter may relate to utility

energy demand and/or alternate energy demand.

[0049] In embodiments, a method and system may be provided for managing artificial
lighting 1n an environment. The method may include providing a plurality of lighting
systems 1n the environment, receiving energy demand information, comparing the energy
demand information to an energy demand parameter stored in a database, evaluating the
comparison according to a rule stored 1n a database, and communicating lighting control
information through the data network to regulate at least one of the lighting systems 1n the
environment 1in accordance with the evaluation. Each of the plurality of lighting systems may

be associated with and controlled through the data network.

[0050] In embodiments, the regulation of at least one lighting system may involve
regulating the beam angle of the light emitted from at least one lighting system. The
regulation may also involve regulating the light intensity 1in a portion of the beam angle
emitting from one or more lighting systems. The regulation of the lighting system may
further involve modifying the intensity of at least one lighting system based on sensors placed
in the environment. Change 1n at least one of the rules used to manage the behavior of at
lecast one lighting system and modification of the amount of time the one lighting system may
be turned on in response to sensor mnputs may form part of the regulation of the lighting
system. In addition, the regulation of at least one lighting system may involve modifying the

brightness of some subset of the lights of the one or more lighting system.

[0051] In embodiments, the method may further include providing an energy provider
user interface adapted to provide the energy provider with tools for adjusting at Ieast one of
the lighting systems. In embodiments, the method may also include providing an energy
provider user interface adapted to provide the energy provider with tools for changing at least

on¢ of the pluralities of stored lighting parameters.

[0052] In embodiments, the method may include providing an energy provider user
interface adapted to provide the energy provider with tools for adding a new lighting
parameter to the plurality of stored lighting parameters. Further, the energy provider user
interface may be adapted to provide the energy provider with tools for removing at least one
of the lighting parameters from the plurality of stored lighting parameters. In other
embodiments, energy provider user interface may be adapted to provide the energy provider

with tools for manually overriding the automated decisions made according to the stored
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lighting parameters. In embodiments, the method may comprise providing an energy
provider user interface adapted to provide the energy provider with tools for manually
overriding the automated decisions made according to the stored lighting parameters. The
method may also include providing an energy provider user interface adapted to provide the
energy provider with tools for determining which of the stored lighting parameters may be
modified by the operator of the environment. In another embodiment, the method may
comprise providing an operator user interface adapted to provide the operator of the
environment with tools for changing at Ieast one of the pluralities of stored lighting
parameters and for adjusting at Ieast one of the lighting systems. Further, the operator user
interface may be adapted to provide an operator of the environment with tools for visualizing

the energy consumed by at Ieast one of the lighting systems.

[0053] In an aspect of the present invention, a method and system may be provided for
managing artificial lighting in an environment. The method may include providing a
plurality of lighting systems in the environment, storing energy produced by an alternative
energy source for use at a time different from when 1t 1s generated by the alternative energy
source, and receiving utility energy demand information. Each of the plurality of lighting
systems may be associated with the data network and controlled through the data network.
The method may also include comparing the received utility energy demand information to a
utility energy demand parameter stored in a database and making an assessment of the
options of using utility energy and using the stored energy produced by the alternative energy
source. Based on the assessment, at least one of the utility energy and the stored energy for
use by the plurality of lighting systems may be selected, and at least one of the lighting

systems may be regulated.

[0054] In embodiments, the regulation of at least one lighting system may involve
regulating the beam angle of the light emitted from at least one lighting system, as well as
regulating the light intensity in a portion of the beam angle emitting from the one lighting
system. The regulation of at least one lighting system may also involve regulating the
intensity of the one lighting system based on sensors placed in the environment and
modifying at least one of the rules used to manage the behavior of at least one lighting
system. The lighting system regulation may further include modification of the amount of
time that at least one lighting system 1s turned on 1n response to sensor inputs and
modification of the brightness of some subset of the lights making up at least one lighting

system.
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[0055] In embodiments, the method may further include providing an operator user
interface adapted to provide the operator of the environment with tools for adjusting at least
on¢ of the lighting systems, tools for changing at least one of the pluralities of stored lighting
parameters, and/or tools for visualizing the energy consumed by at least one of the lighting

Systems.

[0056] In another aspect of the present invention, a method and system may be provided
for managing artificial lighting in an environment. The method may include providing a
plurality of lighting systems 1n the environment, receiving energy from an alternative energy
source, recerving information about the amount, kind, and expense of energy available from
the alternative energy source, and recerving utility energy demand information. The utility
energy demand information may be compared to a utility energy demand parameter stored in
a database, and an assessment may be made of the options of using utility energy and using
the alternative energy. Based on the assessment, selection may be done of at least one of the
utility energy and the alternative energy for use by the plurality of lighting systems; and at
lcast one of the lighting systems may be regulated through the data network based on the
assessment. Each of the plurality of lighting systems may be associated with a data network,

and cach of the plurality of lighting systems may be controlled through the data network.

[0057] In yet another aspect of the present mmvention, a method and system may be
provided for managing artificial lighting in an environment. The method may include
providing a plurality of lighting systems 1n the environment, storing energy produced by an
alternative energy source for use at a time different than when 1t 1s generated by the
alternative energy source; receiving information about the amount, kind, and expense of
energy stored from the alternative energy source, and receiving utility energy demand
information. The utility energy demand information may be compared to a utility energy
demand parameter stored in a database, and an assessment may be made of the options of
using utility energy and using the alternative energy. Based on the assessment, at least one of
the utility energy and the alternative energy may be selected for use by the plurality of
lighting systems; and at least one of the lighting systems may be regulated through the data
network based on the assessment. Each of the plurality of lighting systems may be associated
with a data network, and each of the plurality of lighting systems may be controlled through

the data network.

[0058] In embodiments, the regulation of at least one lighting system may involve

regulating the beam angle of the light emitted from the one lighting system, as well as
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regulating the light intensity 1n a portion of the beam angle emitting from at least one lighting
system. The regulation of at least one lighting system may rely on the intensity of the one
lighting system based on sensors placed 1n the environment and may require modification of
at least one of the rules used to manage the behavior of at least one lighting system. The
regulation of at least one lighting system may further involve modifying the amount of time
the one lighting system 18 turned on 1n response to sensor inputs and the brightness of some

subset of the lights making up at least one lighting system.

[0059] In embodiments, the method may further include providing an operator user
interface adapted to provide the operator of the environment with tools for adjusting at least
on¢ of the lighting systems, tools for changing at least one of the pluralities of stored lighting
parameters, and/or tools for visualizing the energy consumed by at least one of the lighting

Systems.

[0060] In another aspect of the present invention, a method and system may be provided
for managing artificial lighting in an environment. The method may include providing a
plurality of lighting systems in the environment, storing a plurality of mutually agreed upon
lighting parameters 1n a database, and automatically measuring lighting conditions in the
environment to check compliance of the artificial lighting 1n the environment based on the
agreed upon lighting parameters. Each of the plurality of lighting systems may be associated
with a data network, and each of the plurality of lighting systems may be controlled through
the data network. The mutual agreement pertaining to the storing of the mutually agreed
upon lighting parameters 1n a database may be between the operator of the environment and

the third party manager of the artificial lighting.

[0061] In embodiments, the automatic measurements may relate to levels of brightness in
an environment. In embodiments, the automatic measurements may also relate to the
operating status of the lighting system which in turn may relate to the power consumed by the
lighting system. The operating status may further relate to whether the individual light
fixtures are operational. The operating status may also relate to the amount of time for which
the mdividual light fixtures may have been operational ("run hours") and whether the lighting
system has been tampered with. The operating status may relate to third party systems to

which the lighting system may be interconnected.

[0062] In embodiments, the automatic measurements may be made periodically. In other

embodiments, the automatic measurements may be made upon the occurrence of an event

14



CA 02830991 2013-09-20
WO 2012/129243 PCT/US2012/029834

where the event may be a time of day, a sensor response, a manual request, or the event may

be based on an energy demand parameter.

[0063] In embodiments, a report may be generated based on the compliance check. The
report may include percentage of time out of compliance, percentage of time 1n compliance, a
cost of energy used to maintain compliance, an indication of how much alternatively
ogencrated energy was used to maintain compliance, a reconciliation of received energy cost
estimates during operation of the lighting 1n the environment and the actual energy costs
incurred, an indication of lighting system efficiencies, an indication of lighting system
maintenance costs, an indication of when lighting system maintenance may be required, an
indication of when lighting system maintenance may be desirable, and some other related

parameters.

[0064] In embodiments, at Ieast one of the lighting systems may be an LED lighting
system. In embodiments, the beam angle produced by the LED lighting system may be
altered, wherein the alteration may be a result of the comparison. Further, the LED lighting
system may include a plurality of LED light strips where each of the plurality of light strips
may produce a beam angle projected to cover a different area. In embodiments, the different

arcas may 1n part be overlapping.

[0065] In an aspect of the present invention, a method and system may be provided for
assembling a luminaire out of components in a modular fashion. The method may include
selecting a plurality of light modules, selecting a plurality of power management modules,
and selecting a fixture frame that may provide mechanical support for the plurality of light
modules and plurality of power management modules. Each of the plurality of light modules
may produce a prescribed lumen output according to a prescribed beam angle distribution.
Additionally, each of the plurality of power management modules may control power for one

or more of the plurality of light modules.

[0066] In embodiments, the fixture frame that may provide mechanical support for the
plurality of light modules and plurality of power management modules may also provide a
mechanism for rotating the light module around one or two axes. The light modules mounted
in a fixture may be individually controlled through data received on a data port. The beam
distribution of the individual light modules may be modified by a user-replaceable optical
assembly and an overall aggregate beam angle produced by the luminaire may be modified

by a user-replaceable optical assembly.
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[0067] In embodiments, the steps of the above process for assembling the luminaire may
be embodied 1n a software application meant to guide a purchaser of the luminaire in the

luminaire’s construction.

[0068] In embodiments, a method and system may be provided related to a device for
providing power to a plurality of LEDs. The method may include a power input; a first
power output, for connecting to one or more strings of LEDs, a second power output, for
providing a regulated low-voltage supply to accessories, and a network data input that can be

used to control the power provided to the LEDs.

[0069] In embodiments, the method may further include a second data input for the

receipt of analog data and a second data input for the receipt of digital data.

[0070] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, wherein at least one of the
plurality of light bars 1s arranged to rotate along at least one rotational axis independent of the
orientation of the housing, wherein the rotatable LED light bar 1s arranged in the lighting
fixture such that 1t 1s used to change the aggregate beam angle of light emitted from the
lighting fixture when 1ts angle of rotation 1s substantially changed. The fixture may further
comprise an enclosure within the housing for disposing at least one sensor module, wherein
the sensor module 18 1n electrical communication with at least one of the plurality of LED
light bars, wherein the surface of a sensor module lens 1s arranged to be close to a bottom

plane of the fixture to achieve a maximum of sensor input angles.

[0071] In an aspect of the invention, a lighting fixture may comprise a plurality of light
emitting diode (LED) light bars mounted within a housing, wherein at least one of the
plurality of light bars 1s constructed and arranged to rotate around one or two axes, wherein
the rotatable LED light bar 1s arranged 1n the lighting fixture such that 1t 1s used to change the
aggregate beam angle of light emitted from the lighting fixture when its angle of rotation 1s
substantially changed, and an angle indicator disposed on at least one of the LED light bar
and the housing for indicating an angular adjustment of the LED light bar. The angle
indicator may be a detent. The angle indicator may be a visual scale of at least one of

degrees, numbers, and letters.

[0072] In an aspect of the invention, a method for altering an aggregate beam pattern may
comprise mounting a plurality of light emitting diode (LED) light bars within a housing,
wherein at least one of the plurality of LED light bars 1s a variable light intensity LED light
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bar, and electrically connecting a driver circuit to the at least one variable light intensity LED
light bar for controlling a variable load applied to the at least one LED light bar, wherein the
luminous output of the at least one LED light bar 1s varied in response to a change 1n the load.
Each LED light bar may be controlled by a dedicated driver circuit. The plurality of LED
light bars may be controlled by a shared driver circuit and a controllable shunt across each
LED light bar allows for individual control. At least one of the plurality of light bars ay
include a rotational drive constructed and arranged to rotate the at least one LED light bar

along at least one¢ rotational axis independent of the orientation of the housing.

[0073] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, wherein at least one of the
plurality of LED light bars has a different beam pattern, wherein the beam pattern of the at
least one LED light bar 1s modified by an optical assembly.

[0074] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars arranged within a housing, and a processor arranged to
recerve local sensor input and to adjust an intensity of light emitted from the plurality of LED
light bars 1n response to the received local sensor input, wherein the processor 1s disposed 1n
an enclosure mounted within the fixture, and wherein at least one LED light bar 1s arranged

to rotate along at least one axis.

[0075] In an aspect of the mvention, a computer program product embodied 1n a
computer readable medium that, when executing on one or more computers, may perform the
steps of storing LED light bar input data in the memory of the computer, receiving input on at
least one parameter associated with a lighting area, receiving input on at least one desired
lighting characteristic for the lighting arca, and selecting at least one of a number of LED
light bars, an optical profile for the LED light bars, an LED light bar fixture frame and an
angular setting for the LED light bars based on the input.

[0076] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, and an enclosure within the
housing for disposing at least one sensor module, wherein the sensor module 1s 1n electrical
communication with at least one of the plurality of LED light bars, wherein the surface of a
sensor module lens 1s arranged to be close to a bottom plane of the fixture to achieve a
maximum of sensor iput angles, and wherem at least one of the plurality of LED light bars 1s

modified by an optical assembly to emit a different beam pattern. The sensor may have
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swappable lenses. A variety of lenses may be carried on a lens wheel and rotated into place.
The sensor enclosure may accept at least one of a PIR, ambient light, radiation, and
particulate sensor, cach of which 1s ficld-installable and field-swappable. The optical element
for cach sensor module may be ficld-swappable based on usage. The usage may be end of
aisle vs. center vs. general wide field-of-view. Each sensor module may contain several
types of optics which are selectable via a “lens-wheel” which could rotate different optics in
front of the sensor, allowing an 1nstaller to select the proper optical configuration at time of

installation.

[0077] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, and a power management module
(PMM) that supplies power to a plurality of sensor modules, wherein the PMM provides DC
power and bidirectional data communication to a plurality of sensors along at Ieast two data
conductors, and wherein the PMM controls at least one of the plurality of LED light bars
based on one or more inputs from the plurality of sensors. The sensors may be adapted to
transmit an 1dentification signal to the processor. The PMM may respond to the sensor

module in accordance with the transmitted 1dentification signal.

[0078] In an aspect of the invention, a lighting fixture may include an LED lighting
system mounted within a housing, and a processor arranged to receive and process multiple
sources of mput data and adjust an LED lighting system parameter in response to the data in
accordance with at least one rule stored in a memory of the processor, wherein the rule
determines a weight to apply to each of the input signals, combines those weighted signals
via an arbitration algorithm, and determines the adjustment to the LED lighting system
parameter according to the output of the algorithm. The mput data may include at least one
of sensors connected to the fixture, sensor data conveyed from a remote sensor via a network,
centralized commands, and utility inputs. The LED lighting system parameter may be at least

one of the fixture’s light level and the fixture’s power consumption.

[0079] In an aspect of the invention, a lighting fixture may include an LED lighting
system mounted within a housing, and a power management module comprising multiple
sources of power mnput and a processor 1n ¢lectrical communication with the LED lighting
system, wherein the processor 1s arranged to recerve information about the impact of
consuming power from cach of the sources of mput power, combine the impact information
via an arbitration algorithm, and select which power mput to utilize based on the output of the

algorithm 1n accordance with at least one rule stored 1in a memory of the processor. At least
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on¢ of the sources of mput power may be an energy storage device connected directly to one
or more lighting fixtures. The energy storage device may be a battery. The energy storage
device may be an ultracapacitor. The information may be at least one of price per kWh,
amount of kWh remaining 1n a storage device, and instantancous power available from a

renewable energy source.

0080} In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, a processor 1n electrical
communication with the plurality of LED light bars, wherein the processor 1s arranged to
communicate with at least one of the plurality of LED light bars to obtain 1identifying
information about the LED light bar, and a memory of the processor for storing the
identifying information 1n a form accessible by a user of the lighting fixture. The 1dentifying
information may include at least one of beam angle, rotational position, lumen output, CCT,
run hours, operating voltage, drive current [min/max/nominal], and thermal constraints [max
ambient]. The 1dentifying information may be calculated or predicted based on at least one of
beam angle, rotational position, lumen output, CCT, run hours, operating voltage, drive
current [min/max/nominal], and thermal constraints [max ambient]. The 1dentifying
information may be stored 1 a nonvolatile memory onboard the LED light bar, and
communicated via a digital bus to the processor. The 1dentifying information may be stored
passively on the LED light bar and can be read by the processor. The passive storage may
include electrical contacts with encoded bit pattern stored in an optics holder. The passive
storage may include passive RFID. The identifying information may be stored via a
mechanism integrated into the housing and/or light bar for sensing angular position of the
LED light bar inside the housing. The mechanism may include an encoder-style code on an
end plate of the LED light bar. The mechanism may include an accelerometer disposed on
the LED light bar. The 1dentifying information may be stored via a passive power-up
modulation sensing scheme, such as delta-t to full current consumption. The processor may
be able to signal LED light bar type to users or operators for light bar replacement purposes.
The signal may be via a tricolor LED on the LED light bar or PMM with the LED light bar
type indicated via color code, via an LED on the LED light bar or PMM which blinks
according to code to indicate LED light bar type, via a handheld scanner which reads encoded
IR or visible light from the lighting fixture to determine type, and can be activated with laser
detector or IR handshake, or via RF transmission of LED light bar types to remote diagnostic

cquipment.
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[0081] In an aspect of the mvention, a computer program product embodied 1n a
computer readable medium that, when executing on one or more computers may perform the
steps of querying an LED lighting fixture comprising a plurality of LED light bars mounted
within a housing for identifying information, receiving and storing the identifying
information 1in a power management module of the LED lighting fixture 1n a form accessible
by a user of the LED lighting fixture, and displaying the identifying information to a user of
the LED lighting fixture.

[0082] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, a processor 1n electrical
communication with the plurality of LED light bars, wherein the processor 1s arranged to
communicate with at least one of the plurality of LED light bars to obtain 1identifying
information about the LED light bar and auto-calibrate the power input to cach LED light bar
based on the identifying information. The 1dentifying information may include at least one of
beam angle, rotational position, lumen output, CCT, run hours, operating voltage, drive
current [min/max/nominal], and thermal constraints [max ambient]. The 1dentifying
information may be calculated or predicted based on at least one of beam angle, rotational
position, lumen output, CCT, run hours, operating voltage, drive current [min/max/nominal],
and thermal constraints [max ambient]. The 1dentifying information may be stored 1n a
nonvolatile memory onboard the LED light bar, and communicated via a digital bus to the
processor. The 1dentifying information may be stored passively on the LED light bar and can
be read by the processor. The passive storage may include electrical contacts with encoded
bit pattern stored 1n an optics holder. The passive storage may include passive RFID. The
identifying information may be stored via a mechanism integrated into the housing and/or
light bar for sensing angular position of the LED light bar inside the housing. The
mechanism may include an encoder-style code on an end plate of the LED light bar. The
mechanism may include an accelerometer disposed on the LED light bar. The 1dentifying
information may be stored via a passive power-up modulation sensing scheme, such as delta-t
to full current consumption. The processor may be able to signal LED light bar type to users
or operators for light bar replacement purposes. The signal may be via a tricolor LED on the
LED light bar or PMM with the LED light bar type indicated via color code, via an LED on
the LED light bar or PMM which blinks according to code to indicate LED light bar type, via
a handheld scanner which reads encoded IR or visible light from the lighting fixture to

20



CA 02830991 2013-09-20
WO 2012/129243 PCT/US2012/029834

determine type, and can be activated with laser detector or IR handshake, or via RF

transmission of LED light bar types to remote diagnostic equipment.

[0083] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, wherein at least one of the
plurality of light bars 1s a rotatable LED light bar, wherein the rotatable LED light bar 1s
arranged 1n the lighting fixture such that 1t 1s used to change a beam angle of light emitted
from the lighting fixture when 1ts angle of rotation 1s substantially changed, and a heatsink
disposed on the housing, wherein the fins of the heatsink are oriented perpendicular to the
ax1s of rotation of the LED light bar. The long edges of the fins may be undercut to enable
additional airflow. The cross-sectional profile of the heat sink may be designed to perform

optimally within a continuous range of rotation along the long axis of the LED light bar.

[0084] In an aspect of the invention, a flush-mount lighting fixture may include a
plurality of light emitting diode (LED) light bars mounted within a housing, and a thermal
interface pad disposed along an upper surface of the housing in contact with a mounting
surface, wherein the thermal interface pad enables transfer of heat energy from the LED light

bars to the mounting surface.

[0085] In an aspect of the invention, a pole-mounted lighting fixture may include a light
emitting diode (LED) light bar mounted within a housing attached to a pole, and a heat pipe
system 1ntegrated with the fixture, wherein the heat pipe system comprises a radiator attached
to the pole and a thermal transfer material flowing between the radiator and the heat pipe

system within the fixture. The radiator may be self-orienting into prevailing winds.

[0086] In an aspect of the invention, a lighting fixture may include a light emitting diode
(LED) light bar mounted within a housing, a water reservoir embedded within the fixture for
capturing atmospheric water, and an evaporative cooling element in fluid communication

with the water reservoir that absorbs heat from the LED light bar and causes the evaporative

cooling of the fixture.

[0087] In an aspect of the invention, a lighting fixture may include a light emitting diode
(LED) light bar mounted within a housing, a waste heat recovery facility disposed within the
housing for converting waste heat from the LED light bar to electrical power, and a circuit for
directing the electrical power generated from the waste heat to a power input for the lighting

fixture.
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[0088] In an aspect of the invention, a lighting fixture may include a light emitting diode
(LED) light bar mounted within a housing, and an ¢lectrostatic element disposed on a surface
of the housing, wherein the element 1s charged by drawing power from the lighting fixture,

wherein the electrostatic element attracts charged air particles, causing an airtlow of charged

air particles through the lighting fixture.

[0089] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, and a laser mounted on at least

on¢ LED light bar for indicating a direction of emitted light from the LED light bar.

[0090] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, and a mask mounted on at least
one LED light bar for sharpening the edges of the light emitted from the LED light bar,

wherein sharpening enables determining a direction of emitted light from the LED light bar.

[0091] In an aspect of the invention, a lighting fixture may include a plurality of light
emitting diode (LED) light bars mounted within a housing, and a level mounted on at least

one LED light bar for indicating the relative position of LED light bar with respect to level.

[0092] In an aspect of the invention, a wireless communication network adapted for use
in controlling a plurality of lighting fixtures, the wireless communication network may
include a plurality of lighting fixtures, the lighting fixtures comprising a plurality of light
emitting diode (LED) light bars mounted within a housing, at least one sensor integrated in at
least one of the plurality of lighting fixtures, wherein each of the plurality of lighting fixtures
arc configured to receive a sensor data signal from one of the plurality of lighting fixtures and
transmit a sensor data signal to at least one other of the plurality of lighting fixtures and
further configured to receive a sensor data signal transmitted by one of the other lighting
fixtures and transmit a repeated sensor data signal to at least one other of the plurality of
lighting fixtures, wherein when a sensor data signal 1s received by a lighting fixture, a built-in
processor processes the sensor data signal and transmits a control command to the lighting

fixture 1n accordance with at least one rule stored 1n a memory of the processor.

[0093] In an aspect of the invention, a method of automatically mapping a network of
lighting fixtures may include placing a plurality of lighting fixtures 1n a lighting area, the
lighting fixtures comprising a plurality of light emitting diode (LED) light bars mounted
within a housing, integrating at least one sensor in at Ieast one of the plurality of lighting

fixtures, wherein each of the plurality of lighting fixtures are configured to receive a sensor
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data signal from one of the plurality of lighting fixtures and transmit a sensor data signal to at
least one other of the plurality of lighting fixtures and further configured to receive a sensor
data signal transmitted by one of the other lighting fixtures and transmit a repeated sensor
data signal to at least one other of the plurality of lighting fixtures, collecting performance
data relating to the network of lighting fixtures, wherein the performance data are at least one
of sensor data signal strength and the hop count of a sensor data signal from one lighting
fixture to another, and generating a representation of the network of lighting fixtures based
upon the lighting fixture placement and the network performance data. The representation
may be used to construct a rule database stored on at least one lighting fixture or in a
centralized network controller. The representation may be used to automatically assign
lighting fixtures to zones. The representation may be used to automatically determine from

which lighting fixtures' sensors the sensorless fixtures should receive sensor data signals.

[0094] In an aspect of the invention, a method of automatically mapping a network of
lighting fixtures may include placing a plurality of lighting fixtures 1n a lighting area, the
lighting fixtures comprising a plurality of light emitting diode (LED) light bars mounted
within a housing, integrating at least one sensor in at Ieast one of the plurality of lighting
fixtures, wherein each of the plurality of lighting fixtures are configured to receive a sensor
data signal from one of the plurality of lighting fixtures and transmit a sensor data signal to at
Ieast one other of the plurality of lighting fixtures and further configured to receive a sensor
data signal transmitted by one of the other lighting fixtures and transmit a repeated sensor
data signal to at least one other of the plurality of lighting fixtures, wherein the sensor data
signal comprises a unique 1dentifying signal, and generating a representation of the network
of lighting fixtures based upon the detection of transmitted unique 1dentifying signals by at
least one neighboring lighting fixture of the transmitting lighting fixture. The representation
may be used to automatically assign lighting fixtures to zones. The representation may be
used to automatically determine from which lighting fixtures' sensors the sensorless fixtures

should receive sensor data signals.

[0095] In an aspect of the invention, a method of mapping a network of lighting fixtures
may include placing a plurality of lighting fixtures 1n a lighting arca, the lighting fixtures
comprising a plurality of light emitting diode (LED) light bars mounted within a housing,
integrating at Icast one sensor 1n at least one of the plurality of lighting fixtures, wherem each
of the plurality of lighting fixtures are configured to receive a sensor data signal from one of

the plurality of lighting fixtures or an outside source and transmit a sensor data signal to at
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Ieast one other of the plurality of lighting fixtures and further configured to receive a sensor
data signal transmitted by one of the other lighting fixtures and transmit a repeated sensor
data signal to at least one other of the plurality of lighting fixtures, selecting neighbors of
cach lighting fixture by detecting a sensor data signal transmitted to at least one lighting
fixture from an outside source, wherein the sensor data signal comprises neighbor
information, and generating a representation of the network of lighting fixtures based upon
the detection of transmitted sensor data signals from the outside source. The transmitted
sensor data signal may be a laser signal. The transmitted sensor data signal may be a remote
control IR signal. The representation may be used to automatically assign lighting fixtures to
zones. The representation may be used to automatically determine from which lighting

fixtures' sensors the sensorless fixtures should receive sensor data signals.

[0096] In an aspect of the invention, a method of cooperative failure compensation in a
network of lighting fixtures may include placing a plurality of lighting fixtures in a lighting
arca, the lighting fixtures comprising a plurality of light emitting diode (LED) light bars
mounted within a housing, detecting a failure event of at least one of the plurality of LED
light bars, determining a neighbor of the failed LED light bar based on consulting a network
topology, and overdriving the neighboring LED light bar to compensate for the failure event.
When one fixture or part of a fixture fails, neighboring fixtures may detect this and increase
their light level to maintain desired light on surfaces. Sensing may occur via sensing onboard
or via notification over network. The PMM can intelligently detect the presence of a dead
light bar by sequencing through output channels and detecting power consumption at each

step.

[0097] In an aspect of the invention, a lighting fixture may include a light module and a

plurality of individually replaceable light emitting diode (LED) light bars.

[0098] In an aspect of the invention, a lighting fixture may include a plurality of light

emitting diode (LED) light bars and a processor in communication with and for controlling

the LED light bars.

[0099] In an aspect of the invention, a method may include powering a plurality of light
emitting diode LED) light bars with a power management unit. The method may also include
adaptively dimming at least one of the plurality of LED light bars with the power

management unit.
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[00100] In an aspect of the invention, a method may include receiving from a plurality of
sensors data relevant to lighting power management. The method may further include
logging the data with a power management unit configured for powering a plurality of light

emitting diode (LED) light bars.

[00101] In an aspect of the invention, a system may include a power management unit for
powering a plurality of light emitting diode LED) light bars. The system may also include a

real-time clock associated with the power management unit.

[00102] In an aspect of the invention, a method may include powering a plurality of light
emitting diode (LED) light bars with a power management unit. Further, the method may
include measuring energy usage of at Ieast one of the plurality of LED light bars for metering

power associated with the power management unit.

[00103] In an aspect of the invention, a method may include powering a plurality of light
emitting diode (LED) light bars with a power management unit. The method may also
include reporting information related to powering the plurality of LED light bars over a

network to a remote facility.

[00104] In an aspect of the invention, a method may include powering a plurality of light
emitting diode (LED) light bars with a power management unit. The method may further
include predicting a lifetime of at least one of the plurality of LED light bars.

[00105] In an aspect of the invention, a method may include powering a plurality of light
emitting diode (LED) light bars with a power management unit. The method may also
include determining temperature associated with at least one of the plurality of LED light
bars. Furthermore, the method may include assessing the temperature to 1identify a lighting
power management parameter to be adjusted to facilitate temperature protection of an LED

light bar.

[00106] In an aspect of the invention, a system may include a power management unit for
powering a plurality of light emitting diode LED) light bars. The system may further include

a modular sensor bus in communication with the power management unit.

[00107] In an aspect of the invention, a method may include powering a plurality of light
emitting diode (LED) light bars with a power management unit. Further, the method may
include arbitrating among a plurality of input signals related to lighting control to power the

plurality of LED light bars.
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[00108] In an aspect of the invention, a method may include powering a plurality of light
emitting diode (LED) light bars with a power management unit. The method may also
include taking information related to consuming power from each of a plurality of power
sources. Further, the method may include arbitrating among the plurality of power sources

for powering the plurality of LED light bars.

[00109] In another aspect of the invention, a method may include powering a plurality of
light emitting diode (LED) light bars with a power management unit. The method may
further include receiving data from at least one of the plurality of LED light bars. Morecover,
the method may include automatically adjusting power provided to the at Ieast one of the

plurality of LED light bars based on the data.

[00110] In yet another aspect of the invention, a method may include powering a light
emitting diode (LED) light module with a power management unit. The method may further

include receiving 1dentification data from the light module by the power management unit.

[00111] In an aspect of the invention, a system may include a power management unit for
powering a plurality of light emitting diode (LED) light bars. The system may include a
ballast interface in communication with the power management unit for controlling at least

on¢ of the plurality of LED light bars.

[00112] In an aspect of the mvention, a power measurement system may include an
optoisolator and a Zener diode 1n electrical communication with one another and an AC
power line. The power measurement system may also include a current transformer 1n
clectrical communication with the AC power line that provides an 1solated current
measurement. Further, the power measurement system may include a temperature sensor,
located 1n proximity to the Zener diode that measures a temperature of the system and
communicates the temperature to a temperature compensation system. In addition, the power
measurement system may include a processor that decodes the AC voltage pulses by
measuring the digital pulse width, which 1s indicative of the amount of time the AC voltage
spends above a Zener reference voltage, to determine an instantancous AC voltage, the
processor further combining the instantancous AC voltage with the analog current

measurement to provide an instantancous power consumption.

[00113] These and other systems, methods, objects, features, and advantages of the present

invention will be apparent to those skilled 1n the art from the following detailed description of
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the preferred embodiment and the drawings. All documents mentioned herein are hereby

incorporated 1n their entirety by reference.

[00114] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed 1n greater detail below (provided such concepts are not
mutually inconsistent) are contemplated as bemng part of the inventive subject matter
disclosed herein. In particular, all combinations of claimed subject matter appearing at the
end of this disclosure are contemplated as being part of the inventive subject matter disclosed
herein. It should also be appreciated that terminology explicitly employed herein that also
may appear 1n any disclosure incorporated by reference should be accorded a meaning most

consistent with the particular concepts disclosed herein.

BRIEF DESCRIPTION OF THE FIGURES

[00115] The skilled artisan will understand that the figures, described herein, are for
illustration purposes only, and that the drawings are not intended to limit the scope of the
disclosed teachings 1n any way. In some instances, various aspects or features may be shown
exaggerated or enlarged to facilitate an understanding of the inventive concepts disclosed
herein (the drawings are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the teachings). In the drawings, like reference characters
generally refer to like features, functionally similar and/or structurally similar elements

throughout the various figures.

[00116] Figs. 1a and 1b depict an exemplary environment where various embodiments of

the present invention may be practiced and realized;

[00117] Fig. 2 depicts the management of artificial lights i the environment based on the
comparison of various lighting measurements with stored parameters, in accordance with an

embodiment of the present invention;

[00118] Fig. 3 depicts the management of artificial lights in the environment based on

energy demand response, 1n accordance with an embodiment of the present invention;

[00119] Fig. 4 depicts the management of the lighting systems in the environment based
on the assessment regarding the utility energy and the stored alternative energy, 1n

accordance with an embodiment of the present invention;
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[00120] Fig. 5 depicts the management of lighting systems 1n the environment on the basis
of various lighting measurements, 1 accordance with an embodiment of the present

Invention;

[00121] Fig. 6 depicts an exemplary modular luminaire system, 1n accordance with an

embodiment of the present invention;

[00122] Fig. 7 depicts a power management module, in accordance with an embodiment of

the present invention;

[00123] Fig. 8 depicts a quick release mechanism for light fixtures, in accordance with an

embodiment of the present invention;

[00124]  Figs. 9a and 9b depict mechanisms of status indication by colored LEDs on

l[uminaires, 1n accordance with an embodiment of the present invention;

[00125] Fig. 10 depicts a finned heat sink design for thermal management 1 lighting

systems, 1n accordance with an embodiment of the present invention;

[00126] Fig. 11 depicts a passive electrostatic forced air cooling mechanism for thermal

management 1n lighting systems, 1n accordance with an embodiment of the present invention;

[00127] Fig. 12 depicts a remote phosphor over a reflector cup, 1n accordance with an

embodiment of the present invention;

[00128] Fig. 13 depicts an exemplary design of a mask template for lighting systems, 1n

accordance with an embodiment of the present invention;

[00129] Fig. 14 depicts billing information management via a third party software, 1n

accordance with an embodiment of the present invention;

[00130] Fig. 15 depicts an advanced dimming characteristic of outdoor lighting systems, in

accordance with an embodiment of the present invention; and

[00131] Fig. 16 depicts an intelligent sensing mechanism for traffic information

management, 1n accordance with an embodiment of the present invention.

[00132] Figs. 17A and 17B depict a fixture with rotatable light bars.

[00133] Fig. 18 depicts a fixture with angular adjustment indicators.

[00134] Figs. 19A and 19B depict a fixture with individual light module dimming.

[00135] Figs. 20A and 20B depict a fixture with reconfigurable beam pattern.
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[00136] Figs. 21A and 21B depict a fixture with intelligent light modules.
[00137] Fig. 22 depicts a flow diagram of a configuration tool for modular lighting system.
[00138] Fig. 23 depicts a fixture with integral sensor bay.
[00139] Fig. 24 depicts a power management module with modular sensor bus.
[00140] Fig. 25 depicts a power management module with multi-input arbitration.
[00141] Fig. 26 depicts a power management module with power source arbitration.
[00142] Fig. 27 depicts a power management module with light module 1dentification.
[00143] Fig. 28 depicts a replaceable power management module with auto-configuration.
[00144] Fig. 29 depicts a rotatable light module with cross-cut heatsink.
[00145] Fig. 30 depicts a thermal design for surface-mount fixture.
[00146] Fig. 31 depicts a thermal design for pole-mount fixture.
[00147] Fig. 32 depicts a thermal design featuring evaporative cooling.
[00148] Fig. 33 depicts a fixture with waste heat harvesting.
[00149] Fig. 34 depicts a thermal design for a lighting fixture featuring passive

CA 02830991 2013-09-20

clectrostatic cooling.

100150]
[00151]
100152]
|00153]
|00154]
|00155]
|00156]
|00157]
|00158]

100159]

Figs. 35A, B, & C depict variations of a fixture aiming apparatus.

Fig.
Fig.
Fig.

Fig.

36 depicts cooperative sensor networking.
37 depicts automated commissioning via a mesh network.
38 depicts automated commissioning via neighbor detection.

39 depicts automated commissioning via an interactive procedure.

Figs. 40A and 40B depict cooperative failure compensation.

Figs. 41 A and 41B depict TIR optics and holographic diffusers, respectively.

Figs. 42A and 42B depict TIR without and with holographic optics, respectively.

Fig.

Fig.

43 depicts a quarter-turn mechanism for holding optics.

44 depicts a schematic diagram comprising a power management module and

light management systems.
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[00160] Fig. 45 depicts a schematic diagram of a smart power and light management

architecture.

[00161] Fig. 46 depicts a flow diagram of certain smart tasks that may be performed by the
digital light agent facility of the invention.

[00162] Fig. 47 depicts a DLA or controlling unit user interface control panel
[00163] Fig. 48 depicts remote control for operating a DLA or Smart PMU.
[00164] Fig. 49 depicts a modular lighting system with replaceable parts.

[0016S5] Fig. 50 depicts an exemplary power management circuit design for measurement

of power and lighting.

[00166] FIG. 51A 1llustrates a typical warchouse environment 1lluminated by a lighting

fixture, according to one embodiment of the present invention.

[00167] FIG. 51B shows one possible distribution of lighting fixtures and skylights in a

typical warchouse environment, according to one embodiment of the present invention.

[00168] FIG. 52 shows an intelligent lighting fixture with integrated ambient light sensing

and occupancy sensing, according to one embodiment of the present invention.

[00169] FIG. 53 shows three intelligent light fixtures, of differing light output and power
input, which may be configured to share the same modular power management unit,

according to one embodiment of the present invention.

[00170] FIG. 54 1s a diagram of a tunable ambient light sensor feeding directly into a
software-configurable daylight harvesting control state machine system, according to one

embodiment of the present invention.

[00171] FIGS. 55A-55C 1llustrate the relationship between the ambient light level at task
height L4, the ambient light level at the sensor L, and the sensor value V; for different

environments and lighting fixtures, according to one embodiment of the present invention.

[00172] FIG. 56 illustrates a relationship between ambient light present in an environment
and ambient light sensor signal value, for several values of a typical “tuning” parameter (¢.g.,

sensor gain), according to one embodiment of the present invention.

[00173] FIG. 57A 1s a plot that shows pairs of sensor readings and light outputs as a
function of the light output L, of an intelligent lighting fixture, according to one embodiment

of the present invention.
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