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(54) PROXY FOR LEGACY LIGHTING CONTROL COMPONENT

(57) Methods, systems and computer-readable me-
dia or provided for implementing a proxy for a legacy
lighting control component. A lighting unit (102) may be
polled for data indicative of a lighting state of the lighting
unit. It may be determined that the lighting state of the
lighting unit corresponds to a predetermined lighting
state. A predetermined lighting scene triggered by tran-
sition of the lighting unit into the predetermined lighting
state may be identified, and one or more other lighting
units may be caused to implement the predetermined
lighting scene. In some embodiments, a user interface
may be operable to create an association between a leg-
acy switch or sensor (108) that controls a first lighting
unit (102a) and a predetermined lighting scene to be im-
plemented at least in part by a second lighting unit
(102b-f), e.g., leaving a direct association between the
first lighting unit and the legacy switch or sensor trans-
parent to a user.
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Description

Technical Field

[0001] The present invention is directed generally to
lighting control. More particularly, various inventive meth-
ods and apparatus disclosed herein relate to implement-
ing a proxy for a legacy lighting control component.

Background

[0002] EP1204300A1 discloses a networked lighting
apparatus operable in an automatic mode where it is net-
work controlled and a manual mode where it is not net-
work controlled.
[0003] US6160359A discloses remote control of a
lighting load.
[0004] US8368310B1 discloses the use of a shadow
configuration for generating a shadow image of a light
circuit, further based upon a control command.
[0005] Digital lighting technologies, i.e., illumination
based on semiconductor light sources, such as light-
emitting diodes (LEDs), offer a viable alternative to tra-
ditional fluorescent, HID, and incandescent lamps. Func-
tional advantages and benefits of LEDs include high en-
ergy conversion and optical efficiency, durability, lower
operating costs, and many others. Recent advances in
LED technology have provided efficient and robust full-
spectrum lighting sources that enable a variety of lighting
effects in many applications. Some of the fixtures em-
bodying these sources feature a lighting module, includ-
ing one or more LEDs capable of producing different
colors, e.g., red, green, and blue, as well as a processor
for independently controlling the output of the LEDs in
order to generate a variety of colors and color-changing
lighting effects, for example, as discussed in detail in U.S.
Patent Nos. 6,016,038 and 6,211,626, incorporated
herein by reference.
[0006] A so-called "connected" lighting system may in-
clude so-called "connected" lighting units capable of
communicating with, controlling, and/or being controlled
by other devices, such as other connected lighting units,
a lighting system bridge that controls the connected light-
ing system, mobile computing devices (e.g., smart
phones), and so forth. Connected lighting units may be
retrofitted into an environment, e.g., to replace (or sup-
plement) "legacy" lighting units that are controlled by "leg-
acy" lighting control components, such as traditional
switches (e.g., wall switches, dimmers, lamp switches,
clappers, etc.) or sensors (e.g., presence, light, touch,
etc.). While it is possible to replace legacy lighting control
components with more flexible connected lighting control
components (e.g., "smart" wall units, smart phones with
lighting control applications, etc.) that control connected
lighting units wirelessly, such installation may be expen-
sive, cumbersome or otherwise undesirable. Moreover,
some users may not desire more robust control of light-
ing, and may prefer to continue controlling connected

lighting units using legacy lighting control components.
For instance, in a connected lighting system, a lighting
system bridge may represent a single point of failure, and
if it fails and there are no other ways to connected control
lighting units, safety may become a concern. Thus, there
is a need in the art to incorporate legacy lighting control
components into a connected lighting system.

Summary

[0007] The present disclosure is directed to inventive
methods and apparatus for associating operation of a
legacy lighting control component with implementation
of a lighting scene by one or more connected lighting
units. In a connected lighting system that includes mul-
tiple connected lighting units, one or more connected
lighting units may be controlled by a legacy lighting con-
trol component such as a legacy switch or sensor. The
switch or sensor may only be designed to alter power
provided to the lighting unit (causing it to energize to var-
ious extents), and may be incapable of exchanging in-
formation with one or more components of the lighting
units.
[0008] Accordingly, one or more network nodes asso-
ciated with the lighting system may operate as a proxy
for that switch or sensor. The proxy may detect when a
lighting unit controlled by that switch or sensor transitions
into a particular lighting state in response to operation of
that switch or sensor. In response to the detection, the
proxy may cause, directly (e.g., by issuing commands
itself) or indirectly (e.g., by notifying a lighting system
bridge of the transition), one or more other lighting units
of the lighting system to implement respective aspects
of a selected lighting scene. In some embodiments, the
association between the selected lighting scene and the
lighting state of the lighting unit controlled by the legacy
lighting control component may be represented abstract-
ly, e.g., as an association directly between the selected
lighting scene and the legacy lighting control component.
[0009] Generally, in one aspect, a lighting control
method may include: polling, by a network node, a lighting
unit for data indicative of a lighting state of the lighting
unit; determining, by a network node based on the polling,
that the lighting state of the lighting unit corresponds to
a predetermined lighting state; identifying, by the network
node based on the determining, a predetermined lighting
scene triggered by transition of the lighting unit into the
predetermined lighting state; causing, by the network
node, one or more other lighting units to implement the
predetermined lighting scene; determining, by the net-
work node based on the polling, that the lighting unit has
been transitioned from the predetermined lighting state
into another lighting state; and causing, by the network
node, the one or more other lighting units to cease im-
plementation of the predetermined lighting scene in re-
sponse to determining that the lighting unit has been tran-
sitioned from the predetermined lighting state into the
another lighting state.
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[0010] In various embodiments, the lighting control
method may further include providing, at a computing
device in communication with the network node, a user
interface operable by a user to create an association di-
rectly between a legacy switch or sensor that controls
the lighting state of the lighting unit and the predeter-
mined lighting scene. In various versions, the user inter-
face is further operable by a user to create an association
between the legacy switch or sensor and the lighting unit.
[0011] In various embodiments, the predetermined
lighting state is an energized lighting state and the an-
other lighting state is a de-energized lighting state. In
various versions, determining that a lighting unit has tran-
sitioned into the energized lighting state may include de-
termining, by the network node, that the lighting unit has
been energized by operation of a legacy switch. In vari-
ous versions, determining that a lighting unit has transi-
tioned into the energized lighting state may include de-
termining, by the network node, that the lighting unit has
been energized in response to a signal from a legacy
sensor. In various versions, the sensor is a presence
sensor or a light sensor.
[0012] In various embodiments, the polling may in-
clude periodically polling, by the network node, the light-
ing unit for the data indicative of the lighting state of the
lighting unit. In various embodiments, determining that a
lighting unit has transitioned into a predetermined lighting
state comprises determining, by the network node, that
the lighting unit is reachable. In various embodiments,
causing the one or more other lighting units to implement
the predetermined lighting scene comprises transmitting,
by the network node to the one or more other lighting
units, one or more commands to implement one or more
respective aspects of the predetermined lighting scene.
[0013] In various embodiments, causing the one or
more lighting units to implement the predetermined light-
ing scene may include transmitting, by the network node
to a lighting system bridge, an indication that the lighting
state of the lighting unit corresponds to the predeter-
mined lighting state. In various embodiments, causing
the one or more lighting units to implement the predeter-
mined lighting scene may include transmitting, by the net-
work node to a lighting system bridge, a command to
cause the lighting system bridge to cause the one or more
lighting units to implement the predetermined lighting
scene.
[0014] In various embodiments, non-transitory compu-
ter-readable media may be provided that include instruc-
tions that, in response to execution of the instructions by
a network node, cause the network node to perform one
or more of the methods described above.
[0015] In another aspect, a lighting system bridge for
controlling a lighting system may be configured to: re-
ceive, from a computing device communicably coupled
with the lighting system bridge, data indicative of a user-
created association between a legacy switch or sensor
that controls a first lighting unit of the lighting system and
a lighting scene to be implemented at least in part by a

second lighting unit of the lighting system; determine a
lighting state into which the first lighting unit is transitioned
in response to activation of the legacy switch or sensor;
create an association between the determined lighting
state and the lighting scene; and cause at least the sec-
ond lighting unit to implement the lighting scene in re-
sponse to a determination that the first lighting unit has
transitioned into the determined lighting state.
[0016] In various embodiments, the lighting system
bridge may be further configured to periodically poll the
first lighting unit for data indicative of a current lighting
state of the first lighting unit, wherein the determination
that the lighting unit has transitioned into the determined
lighting state is based on a result of the poll. In various
versions, the lighting system bridge may be further con-
figured to: determine, based on the data indicative of the
current lighting state, that the lighting unit has been tran-
sitioned from the determined lighting state into another
lighting state; and causing, by the network node, the one
or more lighting units to cease implementation of the light-
ing scene.
[0017] In various embodiments, the lighting system
bridge may be further configured to receive, from the
computing device, data indicative of an association be-
tween the legacy switch or sensor and the first lighting
unit. In various embodiments, the lighting system bridge
may be further configured to receive, from the computing
device, data indicative of the lighting state into which the
first lighting unit is transitioned in response to activation
of the legacy switch or sensor.
[0018] In another aspect, a mobile computing device
may include: one or more processors; a communication
interface operably coupled with the one or more proces-
sors; a display; and memory storing instructions that, in
response to execution of the instructions by the one or
more processors, cause the one or more processors to:
render, on the display, a user interface operable by a
user to create an association between a legacy switch
or sensor that controls a first lighting unit and a prede-
termined lighting scene to be implemented at least in part
by a second lighting unit; and provide, via the communi-
cation interface to a network node in communication with
the first and second lighting units, data indicative of the
association.
[0019] In various embodiments, the association is a
first association, and the user interface is further operable
by a user to create a second association between the
legacy switch or sensor and the first lighting unit. In var-
ious embodiments, the user interface is further operable
by a user to provide data indicative of a lighting state into
which the first lighting unit is transitioned in response to
activation of the legacy switch or sensor. In various em-
bodiments, the association is a first association, and the
user interface is further operable by a user to create a
second association between a lighting state into which
the first lighting unit is transitioned in response to activa-
tion of the legacy switch or sensor and the predetermined
lighting scene.
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[0020] As used herein for purposes of the present dis-
closure, the term "LED" should be understood to include
any electroluminescent diode or other type of carrier in-
jection/junction-based system that is capable of gener-
ating radiation in response to an electric signal. Thus,
the term LED includes, but is not limited to, various sem-
iconductor-based structures that emit light in response
to current, light emitting polymers, organic light emitting
diodes (OLEDs), electroluminescent strips, and the like.
In particular, the term LED refers to light emitting diodes
of all types (including semi-conductor and organic light
emitting diodes) that may be configured to generate ra-
diation in one or more of the infrared spectrum, ultraviolet
spectrum, and various portions of the visible spectrum
(generally including radiation wavelengths from approx-
imately 400 nanometers to approximately 700 nanome-
ters). Some examples of LEDs include, but are not limited
to, various types of infrared LEDs, ultraviolet LEDs, red
LEDs, blue LEDs, green LEDs, yellow LEDs, amber
LEDs, orange LEDs, and white LEDs (discussed further
below). It also should be appreciated that LEDs may be
configured and/or controlled to generate radiation having
various bandwidths (e.g., full widths at half maximum, or
FWHM) for a given spectrum (e.g., narrow bandwidth,
broad bandwidth), and a variety of dominant wavelengths
within a given general color categorization.
[0021] For example, one implementation of an LED
configured to generate essentially white light (e.g., a
white LED) may include a number of dies which respec-
tively emit different spectra of electroluminescence that,
in combination, mix to form essentially white light. In an-
other implementation, a white light LED may be associ-
ated with a phosphor material that converts electrolumi-
nescence having a first spectrum to a different second
spectrum. In one example of this implementation, elec-
troluminescence having a relatively short wavelength
and narrow bandwidth spectrum "pumps" the phosphor
material, which in turn radiates longer wavelength radi-
ation having a somewhat broader spectrum.
[0022] It should also be understood that the term LED
does not limit the physical and/or electrical package type
of an LED. For example, as discussed above, an LED
may refer to a single light emitting device having multiple
dies that are configured to respectively emit different
spectra of radiation (e.g., that may or may not be individ-
ually controllable). Also, an LED may be associated with
a phosphor that is considered as an integral part of the
LED (e.g., some types of white LEDs). In general, the
term LED may refer to packaged LEDs, non-packaged
LEDs, surface mount LEDs, chip-on-board LEDs, T-
package mount LEDs, radial package LEDs, power pack-
age LEDs, LEDs including some type of encasement
and/or optical element (e.g., a diffusing lens), etc.
[0023] The term "light source" should be understood
to refer to any one or more of a variety of radiation sourc-
es, including, but not limited to, LED-based sources (in-
cluding one or more LEDs as defined above), incandes-
cent sources (e.g., filament lamps, halogen lamps), flu-

orescent sources, phosphorescent sources, high-inten-
sity discharge sources (e.g., sodium vapor, mercury va-
por, and metal halide lamps), lasers, other types of elec-
troluminescent sources, pyro-luminescent sources (e.g.,
flames), candle-luminescent sources (e.g., gas mantles,
carbon arc radiation sources), photo-luminescent sourc-
es (e.g., gaseous discharge sources), cathode lumines-
cent sources using electronic satiation, galvano-lumines-
cent sources, crystallo-luminescent sources, kine-lumi-
nescent sources, thermo-luminescent sources, tribolu-
minescent sources, sonoluminescent sources, radiolu-
minescent sources, and luminescent polymers.
[0024] A given light source may be configured to gen-
erate electromagnetic radiation within the visible spec-
trum, outside the visible spectrum, or a combination of
both. Hence, the terms "light" and "radiation" are used
interchangeably herein. Additionally, a light source may
include as an integral component one or more filters (e.g.,
color filters), lenses, or other optical components. Also,
it should be understood that light sources may be con-
figured for a variety of applications, including, but not
limited to, indication, display, and/or illumination. An "il-
lumination source" is a light source that is particularly
configured to generate radiation having a sufficient in-
tensity to effectively illuminate an interior or exterior
space. In this context, "sufficient intensity" refers to suf-
ficient radiant power in the visible spectrum generated in
the space or environment (the unit "lumens" often is em-
ployed to represent the total light output from a light
source in all directions, in terms of radiant power or "lu-
minous flux") to provide ambient illumination (i.e., light
that may be perceived indirectly and that may be, for
example, reflected off of one or more of a variety of in-
tervening surfaces before being perceived in whole or in
part).
[0025] The term "spectrum" should be understood to
refer to any one or more frequencies (or wavelengths) of
radiation produced by one or more light sources. Accord-
ingly, the term "spectrum" refers to frequencies (or wave-
lengths) not only in the visible range, but also frequencies
(or wavelengths) in the infrared, ultraviolet, and other ar-
eas of the overall electromagnetic spectrum. Also, a giv-
en spectrum may have a relatively narrow bandwidth
(e.g., a FWHM having essentially few frequency or wave-
length components) or a relatively wide bandwidth (sev-
eral frequency or wavelength components having vari-
ous relative strengths). It should also be appreciated that
a given spectrum may be the result of a mixing of two or
more other spectra (e.g., mixing radiation respectively
emitted from multiple light sources).
[0026] For purposes of this disclosure, the term "color"
is used interchangeably with the term "spectrum." How-
ever, the term "color" generally is used to refer primarily
to a property of radiation that is perceivable by an ob-
server (although this usage is not intended to limit the
scope of this term). Accordingly, the terms "different
colors" implicitly refer to multiple spectra having different
wavelength components and/or bandwidths. It also
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should be appreciated that the term "color" may be used
in connection with both white and non-white light.
[0027] The term "color temperature" generally is used
herein in connection with white light, although this usage
is not intended to limit the scope of this term. Color tem-
perature essentially refers to a particular color content or
shade (e.g., reddish, bluish) of white light. The color tem-
perature of a given radiation sample conventionally is
characterized according to the temperature in degrees
Kelvin (K) of a black body radiator that radiates essen-
tially the same spectrum as the radiation sample in ques-
tion. Black body radiator color temperatures generally
fall within a range of approximately 700 degrees K (typ-
ically considered the first visible to the human eye) to
over 10,000 degrees K; white light generally is perceived
at color temperatures above 1500-2000 degrees K.
[0028] Lower color temperatures generally indicate
white light having a more significant red component or a
"warmer feel," while higher color temperatures generally
indicate white light having a more significant blue com-
ponent or a "cooler feel." By way of example, fire has a
color temperature of approximately 1,800 degrees K, a
conventional incandescent bulb has a color temperature
of approximately 2848 degrees K, early morning daylight
has a color temperature of approximately 3,000 degrees
K, and overcast midday skies have a color temperature
of approximately 10,000 degrees K. A color image
viewed under white light having a color temperature of
approximately 3,000 degree K has a relatively reddish
tone, whereas the same color image viewed under white
light having a color temperature of approximately 10,000
degrees K has a relatively bluish tone.
[0029] The term "lighting fixture" is used herein to refer
to an implementation or arrangement of one or more light-
ing units in a particular form factor, assembly, or package.
The term "lighting unit" is used herein to refer to an ap-
paratus including one or more light sources of same or
different types. A given lighting unit may have any one
of a variety of mounting arrangements for the light
source(s), enclosure/housing arrangements and
shapes, and/or electrical and mechanical connection
configurations. Additionally, a given lighting unit option-
ally may be associated with (e.g., include, be coupled to
and/or packaged together with) various other compo-
nents (e.g., control circuitry) relating to the operation of
the light source(s). An "LED-based lighting unit" refers to
a lighting unit that includes one or more LED-based light
sources as discussed above, alone or in combination with
other non LED-based light sources. A "multi-channel"
lighting unit refers to an LED-based or non LED-based
lighting unit that includes at least two light sources con-
figured to respectively generate different spectrums of
radiation, wherein each different source spectrum may
be referred to as a "channel" of the multi-channel lighting
unit.
[0030] The term "controller" is used herein generally
to describe various apparatus relating to the operation
of one or more light sources. A controller can be imple-

mented in numerous ways (e.g., such as with dedicated
hardware) to perform various functions discussed herein.
A "processor" is one example of a controller which em-
ploys one or more microprocessors that may be pro-
grammed using software (e.g., microcode) to perform
various functions discussed herein. A controller may be
implemented with or without employing a processor, and
also may be implemented as a combination of dedicated
hardware to perform some functions and a processor
(e.g., one or more programmed microprocessors and as-
sociated circuitry) to perform other functions. Examples
of controller components that may be employed in vari-
ous embodiments of the present disclosure include, but
are not limited to, conventional microprocessors, appli-
cation specific integrated circuits (ASICs), and field-pro-
grammable gate arrays (FPGAs).
[0031] In various implementations, a processor or con-
troller may be associated with one or more storage media
(generically referred to herein as "memory," e.g., volatile
and non-volatile computer memory such as RAM,
PROM, EPROM, and EEPROM, floppy disks, compact
disks, optical disks, magnetic tape, etc.). In some imple-
mentations, the storage media may be encoded with one
or more programs that, when executed on one or more
processors and/or controllers, perform at least some of
the functions discussed herein. Various storage media
may be fixed within a processor or controller or may be
transportable, such that the one or more programs stored
thereon can be loaded into a processor or controller so
as to implement various aspects of the present invention
discussed herein. The terms "program" or "computer pro-
gram" are used herein in a generic sense to refer to any
type of computer code (e.g., software or microcode) that
can be employed to program one or more processors or
controllers.
[0032] The term "addressable" is used herein to refer
to a device (e.g., a light source in general, a lighting unit
or fixture, a controller or processor associated with one
or more light sources or lighting units, other non-lighting
related devices, etc.) that is configured to receive infor-
mation (e.g., data) intended for multiple devices, includ-
ing itself, and to selectively respond to particular infor-
mation intended for it. The term "addressable" often is
used in connection with a networked environment (or a
"network," discussed further below), in which multiple de-
vices are coupled together via some communications
medium or media.
[0033] In one network implementation, one or more de-
vices coupled to a network may serve as a controller for
one or more other devices coupled to the network (e.g.,
in a master/slave relationship). In another implementa-
tion, a networked environment may include one or more
dedicated controllers that are configured to control one
or more of the devices coupled to the network. Generally,
multiple devices coupled to the network each may have
access to data that is present on the communications
medium or media; however, a given device may be "ad-
dressable" in that it is configured to selectively exchange
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data with (i.e., receive data from and/or transmit data to)
the network, based, for example, on one or more partic-
ular identifiers (e.g., "addresses") assigned to it.
[0034] The term "network" as used herein refers to any
interconnection of two or more devices (including con-
trollers or processors) that facilitates the transport of in-
formation (e.g., for device control, data storage, data ex-
change, etc.) between any two or more devices and/or
among multiple devices coupled to the network. As
should be readily appreciated, various implementations
of networks suitable for interconnecting multiple devices
may include any of a variety of network topologies and
employ any of a variety of communication protocols. Ad-
ditionally, in various networks according to the present
disclosure, any one connection between two devices
may represent a dedicated connection between the two
systems, or alternatively a non-dedicated connection. In
addition to carrying information intended for the two de-
vices, such a non-dedicated connection may carry infor-
mation not necessarily intended for either of the two de-
vices (e.g., an open network connection). Furthermore,
it should be readily appreciated that various networks of
devices as discussed herein may employ one or more
wireless, wire/cable, and/or fiber optic links to facilitate
information transport throughout the network.
[0035] The term "user interface" as used herein refers
to an interface between a human user or operator and
one or more devices that enables communication be-
tween the user and the device(s). Examples of user in-
terfaces that may be employed in various implementa-
tions of the present disclosure include, but are not limited
to, switches, potentiometers, buttons, dials, sliders, a
mouse, keyboard, keypad, various types of game con-
trollers (e.g., joysticks), track balls, display screens, var-
ious types of graphical user interfaces (GUIs), touch
screens, microphones and other types of sensors that
may receive some form of human-generated stimulus
and generate a signal in response thereto.
[0036] The phrase "legacy lighting control component"
may refer to any number of switches, sensors (e.g., pres-
ence, touch, light, motion, etc.) or other actuators that
have traditionally been used to control legacy lighting
units. A legacy lighting control component may be oper-
ated by a user to directly vary an amount of power sup-
plied to a lighting unit. For example, a simple wall switch
may be operated to either supply power to a lighting unit,
or to not supply power to a lighting unit. Similarly, a dim-
mer switch may be operated (e.g., turned, moved
up/down/sideways) to apply various amounts of power
(e.g., along a continuum) to a lighting unit. Legacy lighting
control components stand in contrast to, for instance,
"connected lighting control components," such as smart
phones, tablet computers, smart wall light control mech-
anisms, and so forth. Connected lighting control compo-
nents may be operated by a user to send a command to
a "connected" lighting unit. The connected lighting unit
may include logic (e.g., one or more processors) config-
ured to interpret the command and alter its own light out-

put in response.

Brief Description of the Drawings

[0037] In the drawings, like reference characters gen-
erally refer to the same parts throughout the different
views. Also, the drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrat-
ing the principles of the invention.

Fig. 1 illustrates an environment in which a proxy
may be implemented for a legacy lighting control
component, in accordance with various embodi-
ments.

Figs. 2-3 depicts example user interfaces for config-
uring a proxy for a legacy lighting control component,
in accordance with various embodiments.

Fig. 4 depicts an example method of configuring and
operating a proxy for a legacy lighting control com-
ponent, in accordance with various embodiments.

Detailed Description

[0038] A connected lighting system may include con-
nected lighting units capable of communicating with, con-
trolling, and/or being controlled by other devices, such
as other connected lighting units, a lighting system
bridge, mobile computing devices (e.g., smart phones),
and so forth. Connected lighting units may be retrofitted
into an environment, e.g., to replace (or supplement) leg-
acy lighting units that are controlled by legacy lighting
control components, such as traditional switches (e.g.,
wall switches, dimmers, lamp switches, clappers, etc.)
or sensors (e.g., presence, light, touch, etc.). While it is
possible to replace legacy lighting control components
with more flexible connected lighting control components
that control connected lighting units wirelessly, such in-
stallation may be expensive, cumbersome or otherwise
undesirable. Moreover, some users may prefer to con-
tinue controlling connected lighting units using legacy
lighting control components.
[0039] Thus, there is a need in the art to incorporate
legacy lighting control components into a connected light-
ing system. More generally, Applicants have recognized
and appreciated that it would be beneficial to enable a
user to logically incorporate a legacy lighting control com-
ponent into a connected lighting system. In view of the
foregoing, various embodiments and implementations of
the present invention are directed to apparatus, systems,
methods and computer-readable media (transitory and
non-transitory) for implementing a logical "proxy" to a leg-
acy lighting control component that enables users to cre-
ate associations between legacy lighting control compo-
nents and lighting scenes.
[0040] Referring to Fig. 1, in one embodiment, a light-
ing system 100 may include a plurality of connected light-
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ing units 102a-f (referred to generically as "lighting units
102"). Lighting units 102a-f may include various forms of
light sources, including but not limited to LED, incandes-
cent, fluorescent, halogen, and so forth. Lighting units
102 may be installed in various types of luminaires. For
example, a hanging luminaire 104 includes lighting units
102c-f. Lighting unit 102b is installed in a tabletop lamp.
[0041] A lighting system bridge 106 may be communi-
cably coupled with various network nodes such as plu-
rality of lighting units 102a-f. As used herein, "communi-
cably coupled with" means to be in wired or wireless com-
munication with, and/or to be capable of exchanging in-
formation with, e.g., using various technologies such as
Wi-Fi, BlueTooth, ad hoc technologies (such as ZigBee),
coded light, near field communication ("NFC"), and so
forth. By contrast, "electrically coupled with" as used
herein means to be in electrical communication with, e.g.,
powered by. For instance, in Fig. 1, lighting unit 102a is
electrically coupled with (but not communicably coupled
with) a legacy lighting control component in the form of
a wall switch 108. Wall switch 108 may be operated (e.g.,
toggled between up and down positions) to energize or
de-energize (i.e. turn on or off) lighting unit 102a. How-
ever, wall switch 108 may not be capable of exchanging
information with lighting unit 102a, or other components
of lighting system 100 for that matter.
[0042] There may be instances where a user wishes
to implement a particular lighting scene in response to
operation of wall switch 108, in spite of the fact that wall
switch 108 is not in communication with other compo-
nents of lighting system 100. A "lighting scene" may in-
clude one or more desired properties of light to be emitted
by one or more lighting units. Nonlimiting examples of
lighting scenes include a romantic scene (e.g., where
lighting units 102 emit various shades of red, pink and
white, and/or are dimmed), an underwater scene (e.g.,
where lighting units emit various blues and greens, in
some cases flickering slightly to mimic waves), a working
scene (e.g., where lighting units 102 emit light with high
intensity to illuminate a project), a nighttime scene (e.g.,
where lighting units 102 emit soft light sufficient to illumi-
nate a path to a bathroom), and so forth.
[0043] Accordingly, in various embodiments, a proxy
110 may be implemented to act as a proxy of wall switch
108 (or another legacy lighting control component). Proxy
110 may be implemented on various network nodes,
such as lighting system bridge 106, one or more lighting
units 102, or another network node, using any combina-
tion of hardware and software. In various embodiments,
proxy 110 may be configured to poll various components
of lighting system 100, such as lighting unit 102a or light-
ing system bridge 106, for data indicative of a lighting
state of lighting unit 102. As used herein, to "poll" for a
state of a lighting unit means to request from some net-
work node (e.g., lighting system bridge 106, lighting unit
102a) computer-readable data indicative of a state of the
lighting unit.
[0044] Proxy 110 may determine, e.g., based on the

polling, that a lighting state of lighting unit 102a corre-
sponds to a predetermined lighting state caused by ac-
tuation of wall switch 108. For instance, lighting system
bridge 106 may set a status of a lighting unit 102 to "reach-
able" when lighting unit 102a joins lighting system 100
and/or is energized. When proxy 110 determines, e.g.,
based on the periodic polling, that lighting unit 102a has
been energized in response to actuation of wall switch
108, proxy 110 may identify and/or select (e.g., from a
plurality of lighting scenes) a corresponding lighting
scene.
[0045] Once the predetermined lighting scene is iden-
tified and/or selected, proxy 110 may cause one or more
other lighting units 102b-f to implement the predeter-
mined lighting scene in various ways. For example, in
some embodiments (e.g., where proxy 110 is implement-
ed on lighting system bridge 106), proxy 110 may transmit
to the one or more other lighting units 102b-f one or more
commands to implement one or more respective aspects
of the predetermined lighting scene. As another example,
proxy 110 may transmit to lighting system bridge 106
(assuming they are separate) an indication that the light-
ing state of lighting unit 102a corresponds to the prede-
termined lighting state. Lighting system bridge 106 may
then react accordingly, e.g., by causing one or more other
lighting units 102b-f to implement the predetermined
lighting scene. As yet another example, proxy 110 may
transmit to lighting system bridge 106 a command to
cause lighting system bridge 106 to cause the one or
more other lighting units 102b-f to implement the prede-
termined lighting scene.
[0046] In various embodiments, a predetermined light-
ing scene implemented as a result of operation of wall
switch 108 may be "unimplemented" or ceased in a sim-
ilar manner. Proxy 110 may continue to periodically poll
one or more components of lighting system 100 (e.g.,
lighting system bridge 106, lighting unit 102a) for a status
of lighting unit 102a. When a user switches wall switch
108 off, lighting unit 102a may transition from a "reach-
able" status to another lighting state, such as "unreach-
able." On determining that lighting unit 102 has been tran-
sitioned from the "reachable" state into the "unreachable"
state, proxy 110 may cause the one or more other lighting
units 102b-f to cease implementation of the predeter-
mined lighting scene, e.g., in manners similar to how it
caused them to implement the predetermined lighting
scene.
[0047] In this manner, wall switch 108 (or other similar
legacy lighting control components) may be logically in-
corporated into a connected lighting system, in spite of
their inability to communicate with connected lighting sys-
tem components.
[0048] Referring now to Fig. 2, a computing device in
the form of a mobile computing device 220 that is oper-
able to configure lighting systems such as 100 is depict-
ed. In this example, mobile computing device 220 may
be a smart phone or tablet computing device. However,
in other examples, other types of computing devices may
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be used to configure lighting systems, including but not
limited to desktops, laptops, wearable computing devices
(e.g., smart watches, smart glasses), set top boxes, and
so forth.
[0049] Computing device 220 may include various out-
put components, including a touchscreen 222 (which is
also an input component), as well as others, such as
speakers, vibration units, and so forth. As a computing
device, mobile computing device 220 may include vari-
ous standard computing components, including one or
more processors (e.g., CPU 224), memory 226 (e.g.,
RAM, ROM, flash, SSD, etc.), one or more wired and/or
wireless communication interfaces (e.g., "COMM. IN-
TERFACE 228), and so forth, one or more of which may
be operably coupled to each other via one or more buses
230. In various embodiments, mobile computing device
220 may wirelessly communicate with one or more light-
ing units (e.g., 102) and/or with a lighting system bridge
(e.g., 106).
[0050] In Fig. 2, computing device 220 has rendered
on touchscreen 222 a user interface that includes a
number of graphical icons representing various compo-
nents of and relating to a lighting system. For example,
LIGHTING_SCENE_1, LIGHTING_SCENE_2, AND
LIGHTING_SCENE_3 may represent three different
lighting scenes that may be implemented by a plurality
of lighting units. WALL_SWITCH_A and
WALL_SWITCH_B may represent legacy wall switches
(e.g., 108 in Fig. 1), and DIMMER_A may represent a
legacy dimmer switch. While not depicted in Fig. 2, each
of these legacy lighting control components may be op-
erable to control a particular lighting unit. For instance,
WALL_SWITCH_1 may be wall switch 108 of Fig. 1,
which as described previously controls lighting unit 102a.
PRESENCE_SENSOR_i may represent a presence
sensor that when triggered causes power to be provided
to one or more lighting units so that they become ener-
gized.
[0051] In various embodiments, the graphical icons of
Fig. 2 may be "dragged" onto one another to create as-
sociations between them. In various embodiments, mo-
bile computing device 220 may transmit to proxy 110
(and/or lighting system bridge 106 and/or one or more
lighting units 102) data indicative of these associations.
Proxy 110 may then store these associations, e.g., in a
lookup table. Later, when legacy lighting control compo-
nents are actuated, proxy 110 may consult the lookup
table to determine which lighting unit is controlled by the
legacy lighting control component and/or which prede-
termined lighting scene is to be implemented.
[0052] For example, LIGHTING_SCENE_1 may be
dragged onto WALL_SWITCH_A to create a new proxy
(110) (or configure an existing proxy) on behalf of wall
switch 108 in Fig. 1. Thereafter, when wall switch 108 is
actuated, proxy 110 may detect that wall switch 108 has
been actuated (e.g., by polling for a lighting state of light-
ing unit 102a), and may cause other lighting units to im-
plement LIGHTING_SCENE_1 in response.

[0053] A connected lighting unit such as lighting unit
102a may be controllable by both a legacy lighting control
component (e.g., wall switch 108) and by connected light-
ing control components such as lighting system bridge
106 (e.g., in response to user commands received from
mobile computing device 220). To distinguish between
a lighting unit being operated by a legacy lighting control
component and a lighting unit being controlled by a con-
nected lighting component, one or more components of
a lighting system may determine a lighting state into
which a particular lighting unit is transitioned in response
to activation of a corresponding legacy lighting control
component. This determination may be made in various
ways.
[0054] For instance, in Fig. 1, lighting unit 102a may
be transitioned between fully energized and fully de-en-
ergized by operation of wall switch 108. A user may op-
erate a user interface, e.g., rendered on mobile comput-
ing device 220, to indicate, e.g., to proxy 110, that the
fully energized state of lighting unit 102a is caused by
actuation of wall switch 108. Proxy 110 may thereafter
associate lighting unit 102a being transitioned into a fully-
energized state with operation of wall switch 108. It is
possible that a connected lighting control component
such as mobile computing device 220 may be operated
to cause lighting unit 102a to enter a fully-energized state,
thereby also triggering implementation of a correspond-
ing lighting scene by proxy 110. However, a user may
desire that when lighting unit 102a is fully energized, the
same lighting scene be implemented regardless of what
brought lighting unit 102 into that state.
[0055] As an alternative, in some embodiments, proxy
110 may be configured to distinguish between when light-
ing unit 102a is fully energized in response to operation
of wall switch 108 and when lighting unit 102a is fully
energized in response to operation of mobile computing
device 220. For instance, proxy 110 may monitor for com-
mands received, e.g., at lighting system bridge 106.
Proxy 110 may then interpret only those instances where
full energizing of lighting unit 102a occurs un-contempo-
raneously with commands being received at lighting sys-
tem bridge 106 as being instances where a particular
lighting scene should be implemented.
[0056] As another alternative, in some embodiments,
proxy 110 may be configured to determine when a lighting
state of lighting unit 102a is "powered," which is caused
by operation of wall switch 108, and which may be inde-
pendent of the light actually emitted by lighting unit 102a.
In some embodiments, when lighting unit 102a is pow-
ered, its lighting state (e.g., as maintained by lighting sys-
tem bridge 106) may be "reachable." For instance, light-
ing unit 102a may be powered on by operation of wall
switch 108, and may remain powered in spite of being
subsequently caused to emit no light, e.g., in response
to a command received from lighting system bridge 106.
In such embodiments, proxy 110 may cause other light-
ing units to implement a particular lighting scene in re-
sponse to lighting unit 102a being powered, regardless
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of the light it emits.
[0057] In some embodiments, a user may configure
proxy 110 to selectively cause implementation of various
lighting scenes based on multiple aspects of the state of
lighting unit 102a. For instance, proxy 110 may be con-
figured to cause implementation of one lighting scene in
response to lighting unit 102a being "reachable" and be-
ing fully energized, and may cause implementation of
another lighting scene in response to lighting unit 102a
being "reachable" but being less than fully energized (or
emitting light of a particular hue, or having a particular
effect).
[0058] If the operable relationship between wall switch
108 and lighting unit 102a is known to proxy 110 (or to
lighting system bridge 106 or another component of light-
ing system 100), then that relationship may remain trans-
parent to the user, who may only be aware of the rela-
tionships he or she can create between lighting scenes
and legacy lighting control components using interfaces
such as that depicted in Fig. 2. However, in some em-
bodiments, a relationship between a lighting unit and a
legacy lighting component that controls it may be created
ahead of time, e.g., by an administrative user and/or tech-
nician.
[0059] Fig. 3 depicts an example of mobile computing
device 220 rendering an interface that is operable to cre-
ate associations between legacy lighting control compo-
nents and connected lighting units of Fig. 1. A first graph-
ical icon represents lighting unit 102a, a second graphical
icon represents lighting unit 102b, and a third graphical
icon represents the lighting units 102c-f that are installed
in luminaire 104. An expert user such as a technician or
a relatively technologically-savvy user at a home may
create relationships between the lighting units these
graphical elements represent and the legacy lighting con-
trol components represented by the graphical icons on
the right, e.g., by dragging icons onto each other. Sub-
sequent users who may be relatively less sophisticated
may then operate the interface depicted in Fig. 2, without
need to operate the interface depicted in Fig. 3.
[0060] In addition to or instead of a user operating a
rendered user interface to associate legacy lighting con-
trol components with connected lighting units, in some
embodiments, other techniques may be used to create
such associations. In some embodiments, proxy 110 may
be configured to be "aware" of a type of legacy lighting
control device it is a proxy for. Thus, a network node on
which proxy 110 is implemented may be equipped with
means to configure proxy 110 for the type of legacy light-
ing control component device. That way, proxy 110 may
send compatible commands (e.g., ZigBee messages) as
if it were a "connected" version of the legacy lighting con-
trol components. Those means for configuring proxy 110
may include but are not limited to physical components
on a network node (e.g., dip switches, knobs, buttons,
etc.), or other interfaces (e.g., an interactive web page
published by proxy 110, a touch screen on a network
node implementing proxy 110, etc.).

[0061] Fig. 4 depicts an example method 400, selected
aspects which may be performed by various network
nodes of a lighting system. At block 402, an association
may be created between a lighting unit and a legacy light-
ing control component. For instance, a user may operate
the user interface depicted in Fig. 3 to create an associ-
ation between lighting unit 102a and wall switch 108. Data
indicative of that association may then be transmitted by
mobile computing device 220 to lighting system bridge
106 or another network node of lighting system 100.
[0062] At block 404, an association may be created
between a legacy lighting control component and a pre-
determined lighting scene. For instance, a user may op-
erate the user interface depicted in Fig. 2 to create an
association between wall switch 108 and
LIGHTING_SCENE_1. Data indicative of that associa-
tion may then be transmitted by mobile computing device
220 to lighting system bridge 106 or another network
node of lighting system 100.
[0063] At block 406, a lighting state of the lighting unit
that is caused by operation of the legacy lighting compo-
nent may be determined. For instance, in some embod-
iments, a user may operate mobile computing device 220
to cause lighting system bridge 106, lighting unit 102a,
or another lighting system network node to enter into a
"lighting state detection mode." While in this mode, wall
switch 108 may be operated to transition lighting unit
102a into whatever state (e.g., fully-energized) it enters
when wall switch 108 is operated. Lighting system bridge
106 or another network node may then detect this lighting
state (e.g., using a light sensor or by polling a network
node such as lighting system bridge 106 or lighting unit
102a for computer-readable data indicative of its state)
and may characterize that lighting state as being a result
of operation of wall switch 108.
[0064] For example, lighting system bridge 106 may,
in response to polling, provide an indication that lighting
unit 102a is "reachable" (or may use another ZigBee Light
Link, or "ZLL," parameter). Or, lighting unit 102a itself
may, on activation, announce itself to a ZigBee-based
network. Or, a user may manually operate mobile com-
puting device 220 to configure the lighting state resulting
from operation of wall switch 108. This determined light-
ing state may thereafter be mapped, e.g., by lighting sys-
tem bridge 106 or another network node, to the prede-
termined lighting scene that was associated with wall
switch at block 402.
[0065] At block 408, a network node such as lighting
system bridge 106 or lighting unit 102a itself may be
polled, e.g., periodically by proxy 110, to determine a
lighting state of lighting unit 102a. At block 410, if the
lighting unit has entered the lighting state determined at
block 406, then method 400 may proceed to block 412.
At block 412, proxy 110 or another network node (e.g.,
lighting system bridge 106, lighting unit 102a) may iden-
tify a lighting scene that is triggered by actuation of the
legacy lighting component. At block 414, other lighting
units may be caused to implement the identified lighting
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scene.
[0066] Back at block 410, if the lighting unit has not
entered into the lighting state determined at block 406,
at block 416, it may be determined whether the lighting
unit has transitioned from the lighting state determined
at block 406 into another state (e.g., energized to de-
energized). If the answer is no, then method 400 may
proceed back to block 408. However, if the answer at
block 416 is yes, then at block 418, the other lighting units
may be caused, e.g., by proxy 110 or lighting system
bridge 106, to cease implementation of the lighting
scene.

To be continued on page 25

Claims

1. A lighting control method (400), comprising:

polling (408), by a network node, a lighting unit
(102) for data indicative of a lighting state of the
lighting unit, wherein the lighting state transi-
tions in response to activation of a legacy switch
or sensor;
determining (410), by the network node based
on the polling, that the lighting state of the light-
ing unit corresponds to a predetermined lighting
state;
characterized in that the method further com-
prises the following steps:

identifying (412), by the network node
based on the determining, a predetermined
lighting scene triggered by transition of the
lighting unit into the predetermined lighting
state; and
causing (414), by the network node, one or
more other lighting units to implement the
predetermined lighting scene.

2. The lighting control method of claim 1, further com-
prising providing, at a computing device (220) in
communication with the network node, a user inter-
face operable by a user to create an association di-
rectly between the legacy switch (108) or sensor that
controls the lighting state of the lighting unit and the
predetermined lighting scene.

3. The lighting control method of claim 2, wherein the
user interface is further operable by a user to create
an association between the legacy switch or sensor
and the lighting unit.

4. The lighting control method of claim 1, wherein the
predetermined lighting state is an energized lighting
state and the another lighting state is a de-energized
lighting state.

5. The lighting control method of claim 4, wherein de-
termining that a lighting unit has transitioned into the
energized lighting state comprises determining, by
the network node, that the lighting unit has been en-
ergized by operation of the legacy switch.

6. The lighting control method of claim 1, wherein de-
termining that a lighting unit has transitioned into a
predetermined lighting state comprises determining,
by the network node, that the lighting unit is reach-
able.

7. The lighting control method of claim 1, wherein caus-
ing the one or more other lighting units to implement
the predetermined lighting scene comprises trans-
mitting, by the network node to the one or more other
lighting units, one or more commands to implement
one or more respective aspects of the predetermined
lighting scene.

8. At least one non-transitory computer-readable me-
dium comprising instructions that, in response to ex-
ecution of the instructions by a network node, cause
the network node to perform the method of claim 1.
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