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UNIVERSAL LIGHTING NETWORK METHODS AND SYSTEMS

Cross Reference to Related Applications -

This application is based upon, is a continuation-in-part of, claims priority to, and
incorporates by reference the entire disclosure of the following pending United States
patent applications:

U.S.. Pat. App. No. 09/425,770;

U.S. Pat. App. No. 09/215,624;

U.S. Pat. App. No. 09/213,537;

U.S. Pat. App. No. 09/213,607;

U.S. Pat. App. No. 09/213,189;

‘U.S. Pat. App. No. 09/213,548,;

U.S. Pat. App. No. 09/213,581;

U.S. Pat. App. No. 09/213,659;

U.S. Pat. App. No. 09/213,540; and

U.S. Pat. App. No. 09/333,739.

Field of the Invention

The present invention relates to computer networks and lighting systems. More

particularly, the invention relates to devices, methods and systems for integrating

- illumination with data manipulation and transmission functions for lighting devices and

network devices, as well as methods for using the foregoing. -
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Backeround of the Invention

The advent of computer networks haé provided users with a host of capabilities
that were previously unavailable. Distributed users can communicate data using.local
are;a neﬁ;vorks, wide area networks, and global ﬁetworks, such as the Internet. Computer
software programs running on computers at géographically remote locations can store,
ménipulate and retrieve data, including data sent from other locations. Thus, computer
networks provide benefits of computiné pdwcx‘ without requiring a large computer at
every point at which data is gathered, retrieved or displayed. For this reason, computer

networks have become widespread in many commercial environments, such as corporate

offices, factories, and the like. Computer networks are now installed in other locations as

well, such as homes, retail environments, and the like. However, current computer
network technology suffers a number of significant limitations that inhibit its use in non-

traditional environments, such as retail store locations and homes.

A major problem withAcurrent computer network technology is the need for
wiring. Most modern buildings are strung throughout with a plethora of wires and cords:
computer cables, telephone wirgs, electrical iines, speakers, security systems, alarm
systems, cable television and modems, and -others. This complexity results in a variety of
problems. During repairs, the appropriateset of wires must be ‘sorted from each other. !
Frayed wires can short circuit and start fires, a problem compounded by the presence of
multiple. wire systems. New systems are frequently developed, often requiring a new

wiring system. New wiring systems can be expensive to install in existing structurcs,

because such systems are gencrally placed within the walls, and the installation is

generally either invasive, requiring tearing up and patching walls, or complicated, with
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supports located behind the walls. Thus, computer networks that require significant
wiring inhibit installation in environments where that wiring is difficult or unsightly
(such as a retail environment) or where expertise is not available (such as in a typical

home).

Another problem with current computer networks is that many of these systems
are under control of a processor, such as a computer, ‘or -have the potential for such
control. Most often, though, these systems are separate, with individual control systems.
Thié separation also makes it .morc difficult-and expensive to update existing systems,
either td install a control system, or to take advantage of an improved, modernized control
system that becomes available. Although one system may include components that would
be useful to another system, the systems often remain separate. Thus, there exists a need
to bring these disparate systems under common control ;c,implifying updating "these
systems, and potentially reducing the multiplicity of wires coursing through the walls,

ceilings, and floors. Not only might a unified system be more efficient, but presently

isolated systems could make use of components of other systems in a mutual fashion,

providing significant overall benefit.

Another problem with current computer networks is that current wiring techniques
inhibit installation of many devices at convenient locations. For example, wiring that
comes through phone outlets is not typically suitable for placement of networked devices

such as cameras, that requiring a line of sight to an item to be viewed from a remote

location, without requiring significant additional wiring within the room in which the

)
(R4

wires being gradually and gingerly eased throughout the maze of wires, pipes, and *
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camera is located. Thus, a wiring scheme that provides more convenient locations for

networked devices is desirable.

A Althbugh such universal systems’h'ave been considered, current proposals would
require significant installation costs, such és 'adding new wires or changing existing
wiring. - Accordingly, a need continues fdr a universal device that can provide computer
networking functionality at a wide variety of locations without requiring significant

rewiring,

Summary of the Invention

The systems and methods described herein relate to lighting devices which
include a lighting element and a microprocessor. The lighting element may include, in
various embodiments, a light emitting semiconductor, such as a light emitting diode or
other similar device, or any of a wide variety of other lighting elements. Use of the terms
LED, or light emitting diode, herein, should be understood to encompass any light
emitting semiconductor or other lighting elément, except where the context precludes
such an understanding. In 'embodiments, the devices further include one or more
coﬁnections for attaching additional electronic components. In embodiments, the
connections permit interchangeable use of modular components on a device. In certain
eﬁlbodiments, the lighting devices permit communication between the components and
the microprocessor, e.g., to permit contl;ol 6f the lighting element based on input from

sensor components, or facilitate electronic communication by mediating the transmission
of signals to or from other devices. In certain embodiments, such communication is

facilitated by utilizing a network of lighting devices. In certain embodiments, the lighting
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device is adapted to be interchangeable with a traditional lighting element, such as a ;

halogen bulb, an Edison mount (screw-type) bulb, a fluorescent bulb, etc.

In another embodiment, a system according to the principles of the invention
provides LED's whose outputs can provide or&inary lighting while being modulated at
high speed for wireless communication. ' In one embodiment, LED intensity can be
controlled by controlling the duty cycle of a control signal, while a higher rate
modulation scheme is used encode independent data in the same control signal. When
employing the LEDs for data communication, the invention, in one embcdiment, utilizes
wireless data transmission/rccéption with nétworking capabilities to permit the LEDs to
communicate with several different devices witﬁiﬁ é network. These devices are fitted

with signal receivers that can decode data in optical signals from the LEDs.

‘Provided herein are multifunctional lighting devices. The devices may include
various élcment, such as a substrate carrying a plurality of electrical connections coupled
to a power adapter, one or more lighting elements or elements, coupled to an electrical
connection, for emitting light, one or more sensors for gcneraﬁng or modulating an
electrical signal based on an external stimulus, and a processor, coupled to an electrical

connection, for processing signals from the sensor. _ '

The lighting elements can be light erﬁitting semiconductors, LEDs, or other lighting
elements. The processor can be a microprocessor. The sensor can be any sensor for
sensing any environmental condition, ranging from any electromagnetic signals to
'acoustic signals to biological or chemical signals to other signals. Examples include an

(9
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IR detector, a camera, a motion detector, an ozone detector, a carbon monoxide detector, *

other chemical detectors, a proximity detector, a photovoltaic sensor, a photoconductive
sensor, a photodiode, a phototransistor, a photoemissive sensor, a photoelectromagnetic
sensor, a microwave receiver, a UV sensor, a magnetic sensor, a magnetoresistive sensor,

and a position sensor.

~ The sensors can be sensitive to temperafure. For example, the sensor might be a
thermocouple, a thermistor, a radiation pyrometer, a radiation thermometer, a fiber optic
temperature sensor, a semiconductor temperature sensor, and a resistance temperature
detector. The sensor might also be sensitive to sound, e.g., a microphone, a piezoelectric
material, or an ultrasonic sensor. The sensor might be sensitive to vibrations, humidity,

or concentration of a vapor, particulate or gas.

In embodiments, the device might include a data connection for coupling the
processor to a data network, or a communication connection between the sensor and the

processor for transmitting signals from the sensor to the processor.

Provided herein are also multifunctional lighting devices, which may include a
substrate carrying a plurality of electrical connections coupled to a power adapter, a
lighting.e'lement, coupled to an electrical.connection, for emitting light, a signal unit for
emittipg a signal, and a processor, couple;d td an electrical connection, for instructing the

signal unit to emit a signal.
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| Provided herein are also methods for recciving data. The methods include various
steps, such as providing a substrate carrying é plurality of electrical connections coupled
to a power adapter, providing a lighting element coupled to an electrical connection,
providing a sensor, providing a processor coﬂgled to an electrical connection and to the
sensor, receiving a stimulus with the sensor, and transmitting signals representative of the
stimulus from the sensor to the processor. ‘In embodiments, the method may include

sending instructions to an actuator to alter the position of the lighting element.

Provided herein are also methods: for. transmitting data. The methods may include
providing a substrate carrying a plurality of electrical connections coupled to a power
adapter, a lighting element coupled to an electrical connection, a 31; gnal unit for emitting a
signal, and a processor coupled to an electrical connection and to the signal unit, and

transmitting signal instructions from the processor to the signal unit,

" Provided herein are also methods for manufacturing a multifunctional lighting
device, including various steps, such as prqviding a substrate carrying a plurality of
electrical connections coupled to a power adapter, coupling a ligllting element to an
electrical connection, coupling a processor to an electrical connection, and coupling a
sensor to an electrical connection and to the processor. The methods may include steps of
coupling a sensor, such as-coupling a sensor selected from an IR detector, a camera, a
motion detector, a proximity detector, a photdvoltaic sensor, a photoconductivc sensor, a
photodio.de, a phototransistor, a photoemisﬁve sensor, a photoelectromagnetic sensor, a

microwave receiver, 2 UV sensor, a magnetic sensor, a magnetoresistive sensor, and a
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posttion sensor, or coupling a sensor selected from a thermocouple, a thermistor, a

radiation pyrometer, a radiation thermometer, a fiber optic temperature sensor, a
semiconductor temperature sensor, and a resistance temperature detector. Coupling a

sensor may include coupling a sensor includes coupling a sensor sensitive to sound.

Methods for manufacturing a multifunctional lighting device provided herein may also
include providing a substrate carrying a plufality of eiectrical connections coupled to a
power adapter, coupling a lighting element to an electrical connection,‘ coupling a
proceslsor to an electrical cqnnection, and coupling a signal unit fo an electrical

connection and to the processor.

Provided herein are methods for manufacturing a multifunctional lighting device,
comprising providing a substrate carrying a plurality of electrical connections coupled to
a power adapter, coupling a lighting element to an electrical connection, coupling an
actuator to an electrical connection, and coupling a processor to an electrical connection

and to the actuator.

Provided herein are also methods for building a network of multifunctional
lighting devices, comprising disposing a plurality of lighting devices according to the
present disclosure in an arrangement, and establishing communication links between each

lighting device and the other lighting devices.

" Provided herein are various methods of doing business, which include providing a
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retail environment, lighting the retail environment with a lighting system, the lighting
system including a lighting element and a microprocessor, sensing a condition of the
retail environment, and adjusting the lighting of the retail environment to reflect the
sensed condition. The sensed condition.may be the proximity of a customer to a retail
item and wherein the lighting condition is adjusted to provide increased illumination to
the retail item. The sensed conditiqn may be entry of a customer into the front of a store,
and wherein the lighting condition is adjﬁstéd to encourage entry of the customer further

into the store. The lighting condition may be a moving rainbow effect.

Brief Description of the Figures

'The following figures depict certain illustrative embodiments of the invention in
which like reference numerals refer to like elements. These depicted embodiments are to
be understood as illustrative of the in\(ention and not as limiting in any way. The
invention will be appreciated more fully from the following further description thereof,

with reference to the accompanying drawings, wherein:

: Fig. 1 depicts a smart lighting device as described herein;
Fig. 2 depicts a smart lighting network comprising a plurality of smart lighting
devices as described herein;
Fig. '3 shows an LED encoder and an LED decoder according to the principles of
the invention;
-Fig. 4 shows the composition of a control signal according to the principles of the
invention;

Fig. 5 shows a lighting subsystem according to the principles of the invention;

"W

)
L4
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invention;
Fig. 7 shows a modular lighting suBsyétcm according to the principles of the
invention;
Fig. 8 shows several embodiments of rﬁodular lighting subsystems according to
the principles of the invention;
| Fig. 9 shows a retail environment accordii_lg to the invention; and

Fig. 10 shows an office environment according to the invention.

Detailed Description of the Illustrated Embodiments

The description below pertains to. several illustrative embodiments of the
invention. Although many variations of the invention may be envisioned by one skilled in
the art, such variations and improvcments'arc intended to fall within the compass of this
disclosure. Thus, the scope of the invention is not to be limited in any way by the

disclosure below.

The systems and methods described herein relate to electronic devices such as the

device 1 of Figure 1, referred to herein as smart lighting devices, which include a

substrate 10 carrying a lighting element 20 and a processor 30, as well as a plurality of !

connections 40 for the attachment of additional electronic components, such as sensors,
cmitters, and actuators. The lighting element 20 may also be coupled to the processor 30,
to permit variation of the emitted light as a function of input from a sensor, or a

predetermined program executed by the processor 30, particularly when LED lighting

‘elements are employed.

'
v

. . 14
Fig. 6 shows a networked lighting system according to the principles of the

Vo
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The lighting element 20 may be an incandescent, halogen, LED, fluorescent, or
other lighting element capable of emitting sufficient light to illuminate an area, such as an
amount of light similar to at least a 25W incandescent light bulb. LED lighting elements
are particuiarly well suited for such networké, because they can be configured to be
responsive to electronic signals, including digital data protocols such as DMX.
Additionally, the voltage, current, and control used to operate LED lighting elements can
be adapfed to more closely resemble those used for conventional electronic and/or digital
devices. See U.S. Patent Application Nos. 09/215,624, 09/213,537, 09/213,607,
09/213,189, 09/213,548, 09/213,581, 09/213,659, 09/213,540, as well as U.S. Patent No.
6,016,038. Other lighting elements such as incandescent lighting elements may also be

controlled to provide, for example, dimming. }

The lighting element 20 may also include any system that is capable of receiving
an clectrical signal and producing a color of liéht in response to the signal. Thus, the
lighting element 20 may include light ezﬁitting diodes of all types, light emitting
polymers, semiconductor dies that produce light in response to current, organic LEDs,
electro-luminescent strips, and other such systéms. In an embodiment, the lighting
element 20 may refer to a single light emitting diode having multiple semiconductor dics
that are individually controlled. The lighting element 20 may include any type of light-

emitting semiconductor, including organic LED’s, light-emitting plastics, and so forth.

The lighting element 20 may also, or instead, includé any other illumination
source including any LED system, as well as incandescent sources, including filament

lamps, pyro-luminescent sources, such as flames, candle-luminescent sources, such as gas

- 11

"
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mantles and carbon arch radiation sources, as well as photo-luminescent sources,

including gaseous discharges, flourescent sources, phosphorescence sources, lasers,

iy
W
L4

electro-luminescent sources, such as electro-luminescent lamps, light emitting diodes, -

and cathode luminescent sources using electronic satiation,‘ as well as miscellaneous
luminescent sources including galvaﬁo-luminescent sources,- crystallo-luminescent
sources; kine-luminescent sources, therrﬁo-luminescent sources, triboluminescent
sources, sonoluminescent sources, and radi.olu.minescent sources. Illumination sources

may also include luminescent polymers capable of producing primary colors.

~ The processor 30 may be any data processing device, such as a microprocessor.

The connections 40 may include power connections to provide electricity or other energy

‘to the electronic components and/or a data connection to the processor 30 for

communication between the processor 30 and a component coupled to the connection 40,
In certain embodiments, data and power may be transmitted simultaneously over the
same connections, e.g., using pulsc—widtﬁ modulation‘ protocols, other carrier wave
protocols, or the like. In certain embodiments, the smart lighting device 1 includes a
power adapter 42 for connection to a power source. The power adapter 42 may be adapted
f01; connection to a power source througil a conventional lighting jack, e.g., a halogen,

fluorescent, or Edison-mount (screw-type) fixture.

In certain embodiments, the connections 40 permit modular reconfiguration of

interchangeable sensor and emitter components, so that the various input and output types

of the smart lighting device 1 may be varied to accommodate changing nceds and

‘situations. Examples of components which may be used as sensors include sensors
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sensitive to electromagnetic signals (e.g., cameras, motion detectors, proximity detectors, ;
photovéltaic sensors, UV  sensors, photoconductive sensors, photodiodes,
phototransistors, photoemissive sensors, photoelectric sensors, electromagnetic sensors,
microwave receivers, magnetic sensors, magnetoresistive sensors, position sensors, etc.),
sensors sensitive to temperature (e.g., thermpcouples, thermistors, radiation pyrometers,
radiation thermometers, fiber optic temperature sensors, semiconductor temperature
sensors, resistance temperature detectors, etc.), sensors sensitive to sound (e.g.,
microphones, piezoelectric materials, ﬁlfrasonic senso;s, Aeté.), sensors sensitive to
vibrations, humidity, chemicals (such as‘ concentration of a vapor or gas), or any other
type of sensing device capable of generating a detectable signal in response to a stimulus.
Examples of components which may be used as emitters include those which emit
electromagnetic radiation (such as infraréd, microwave, radio, or other types of signals),
acoustic signals (such as speakers, ultrasonic emitters, or other devices which emit sound
waves), or other devices which emit signéls, especially communication signals. Actuators
capable of generating a force in response to an electronic signal may also be coupled to a
srﬁart lighting device 1, e.g., to alter the position of the smart lighting device 1, or to
effect another physical change in the ;'vicinity of the smart lighting device 1. Any
combination of sensors, actuators, and emitters may be coupled to connections 40 on a
smart lighting device 1, and may communicate with the processor 30, e.g., to generate or
alter an output from the lighting element 20, an emitter, and/or an actuator in response to
a stimulus detected by a sensor, such as in combination with instructions carried out by

the processor 30.



WO 02/25842 PCT/US01/29283

10

15

20

A plurality of smart lighting devices 1 may be coupled together to form networks
44, as silown in Figure 2. Data may be transmitted between smart lighting devices 1 over
any physical medium, including a twisted pair, coaxial cables, fiber optics, or a wireless
link using, for example, infrared, microwave, .or radio frequency transmissions. Any
suitable data networking protocol may be used for data transmission, including TCP/IP,
variations of Ethernet, Universal Serial Bus (“USB” , Bluetooth, Firewire, DMX, a token
ring, a token bus, serial bus, or any other suitable wireless or wired protocol. The network
44 may also use combinations of theseA physic‘al media and ‘data protocols, and may
include links using known ngtworks such as the Internet and the Public Switched
Telephoﬁe Network (“PSTN™). Techniques and systems such as those set forth in U.S.
Patents No. 5,844,888, 5,113,498, and 4,969;146 can be adapted for use in the lighting
networks described herein. Thus, for example, lighting fixtures in a building may be
fitted with smart lighting devices 1 as described herein. Smart lighting devices 1 situated
in ceiling ﬁxtures, for example, may be wired into a ccn'tral network, and may
communicate with lighting devices in lami)s, for example, using infrared transmissions.
Commands could be sent to the central4 network of smart lighting elements over the

Internet from a remote location.

Smart lighting elements may be eﬁlployed for any of a variety of diverse
functions. The following examples are eﬁemplary uses, possible in a building, such as a
home or office, wherein, for example, overhead light fixtures comprise smart lighting
elements as described herein. Additionally or alternatively, smart lighting elements may
be employed in displays, in lighted floors or wall panels, cove lighting, or in any other

desired configuration. Other configurations and applications of smart lighting elements

"
W
L4
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capable of the functions below or other functions are considered to fall within the *

compass of the present invention.

In one embodiment, a smart lighting network may be used to facilitate mobile
communications technology. Cellular telephones, wireless data transmitters (such as
Apple Computer’s AirPort technology), and other mobile communication devices
commonly require high-energy transmissions -or proximal receivers in order to connect
with a suitable network. In a building outfitted with a smart lighting network connected,
for exaxﬁplc, to the Internet or to a tclephone‘nctwork, each room may be configured with
a smart lighting device including an infrared, radio frequency, microwave, or other

suitable transceiver. Using traffic management techniques such as those currently

cmployed in dense networks or mobile tclcpﬁonc communications, for example, one or
more cordless telephones can be made to function throughout a building using low-power
signals, tﬁereby lessening the demand fc;r battéry power. This technique may also be
employed with wireless telephones, and has particular application with, for example, third
generation wireless telephony solutions that permit micro-cells within a cellular
infrastricture. Using such an approach, a rﬂicro-cell may be created inside a building,
with connections established through the smart lighting network to an external wiréless
network, or directly to the PSTN. Such an approach rﬁay conserve wireless device
energy that would otherwise be required to transmit signals through building walls to an

external cellular/wireless base station.

Similarly, a portable computer can remain connected to the Internet or other data

network while being transported througlioill a building. Signals from remote controls,

)
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e.g., for a television or stereo system, can be received in one room, transported over the ’
smart lighting network, and transmitted to a room containing the corresponding
component (or over the entire network)‘ to increase the range of remote control, and
permit, for example, control of a stereo systérn from any room in a house. Even in
situationé where movement does not occur; sﬁch a network may reduce the number of
cords and wires required to maintain connections, potentially liberating and simplifying
common communication systems. For exé:ﬁple, é desk may be located in any corner of an
ofﬁcé without regard to the positions of daté. or telephone jacks. Computer components
may communicate through space rather than over wires, making it possible for
compdnents such as monitors, computers, printers, etc. to be situated in configurations or
relocated in ways that are difficult or impossible using wire connections. For example, a
printer could be moved to different room of an office building without rewiring to create
a connection, even while data was being transmitted from a computer to the printer.
Thus, the methods and systems disclosed herein can offer a wireless alternative to

stt:uéttired wiring for a variety of functions.

In another embodiment, a smart lighting nctwork may be used to deliver

aundiovisual stimuli. For example, the network may include devices that have or

incorporate speakers and processor-controlled lighting elements. When a user initiates

playback of a recorded audio or audiovisual program, or receives an audio or audiovisual
transmission, such as a radio or television broadcast, the smart lighting network may
reproduce the audio portion of the transmission or recording. Surround Sound

technology, or other spatial audio imaging techniques, can be used to create multi-

channel surround sound effects, and may be mediated by a central controller or through



WO 02/25842 PCT/US01/29283

10

15

20

the individual processors of the smart lighting devices. Remote components may
communicate through the smart lighting network.” For example, satellite speakers of a
Surround Sound system can receive audio signals wirelessly through the smart lighting
nétwork. If the program includes a lighting track, containing instructions for ambient
lighting conditions complementary to the traditional audiovisual data, the lighting
elements. of the smart lighting network may be used to create lighting effects coordinated
with the traditional audiovisual program, 'For example, effects such as lightning, sunsets,
fiery red glows, or other effects that can be generated by modulating the color and/or
brightness of ambient lighting can be used to :enhance the effect of a traditional television
or movie experience, for example. Similarly, audio feed, such as music or intercom
al;plications, can be broadcast over an entire smart lighting network, or directed to a
particular smart lighting element within the network, without requiring a separate system
wired throughout a building. Conversely, a preexisting lighting, intercom, or speaker
system can be modified or adapted to provide a smart lighting system without requiring

extensive rewiring or invasive renovation.

| Similar smart lighting networks could be used in a theater, music hall, auditorium,
or other performance arena. For example, a sfage could be provided with a smart lighting
network inéluding'lighting elements, microphones, and sensors, e.g., for tracking the
motion of performers, actors, etc. With such a system, for example, the smart lighting
network could be programmed with a lighting sequence designed for a particular play,
opera, musical, or other theatrical event. The network could monitor the progress of the

event, e.g., by tracking the location and/or movement of the actors, etc., and effect

' lighting changes, e.g., between scenes, or to provide effects, such as lightning, deepening
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dusk, sunrise, power outages (including brownout and momentary flickers), programmed
to coincide with staged events. Moreover, such a lighting system could include smart
lighting elements disposed in a seating area, e€.g., OVer an audience. These lighting
elements could include microphones, for reproducing sound from a stage or production
area, including prerecorded sound effects. ‘Such prerecorded sound effects, including
thunder, car horns, telephone rings, tire skids, barking dogs, etc., like the lighting effects
discussed above, can also be triggered by sensor input from smart lighting elements over
a stage in accord with a program designed for the event. Additionally, lighting elements
in a seating area can reproduce on-stage lighting effects throughout the entire audience, to
mimic, for example, the flickering glow of a fire, a flash of lightning, daybreak, or any

other lighting effect.

By including microphones and speakers in the smart lighting network,
communication can be instituted without a need for separate telephone devices. For
example, a smart lighting device can operate as a voice-activated telephone, dialing
numbers or contacting parties by voice commands. The communicating party is thus
liberated from hand-held telephone dcvic.:es,' and a larger area and larger number of
participa_nts may be served by a smart lightiné network than may generally be served by,
for example, a speaker-phone. Furthermore, cameras may be included in the smart
lighting network, enabling videophone applications. In certain embodiments, a smart
lighting system can be configured to resiaond to a voice by activating a camera in the
nearest smart lighting device and, optionally, bointing the camera at the speaker using an

actuator. A smart lighting network can be configured to pinpoint the location of a speaker
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or other audio input by triangulation or other means. The methods and systems disclosed

herein can be further used by such methods as an indoor positioning system for objects.

Smart lighting devices can be equipped with light sensors appropriately
positioncd.to detect ambient light and médify the output of the lighting element to
achieve a predetermined brightness or hue. Such networks may be particularly
appropriate in sensitive environments such as operating rooms, photography studios, or
agricultural operations. In agricultural environments, the smart lighting devices may
include. sensors, such as humidity or temperature sensors, to permit responsive control
and maintenance of optimal g;owing conditions by regulating lighting as well as other
systems, such as computer-controlled humidiﬁcation, heating, irrigation or watering

systems.

Smart lighting devices may be equipéed with chemical sensors, e.g., for detecting
smoke, carbon monoxide, radon, gas leaks, étc., to provide an integrated sensor/alarm
system in a home, business, or vehicle. Vibration sensors can be used for earthquake
monitoring. Proximity and/or motion detectors can be used for security systems,
optionally in conjunction with camera components. Such networks can also be used for
child monitoring, e.g., with a microphong and/or camera operating in a baby’s room and
transmitting data to another room, or over a networks such as the Internet. Speakers
and/or lights can be used to generate alarms or warning signals when designated stimuli
are detected. Access to such a smart lightiné network over a larger network, such as the
Internet, can allow a security company to control lighting and other functions of a

'buiiding from a remote location to deter burglary more effectively than simple light

«> -

¥

b4



WO 02/25842 PCT/US01/29283

10

15

20

)
{

timers, ahd'can similarly permit remote video monitoring for security purposes, or to *

distinguish false alarms from actual threats.

Additional data collection and monitoring functions can be achieved with smart
lighting networks. For example, smart lighting elements may be placed in public spaces,
suéh{ as retail stores, convention halls, public streets, sports venues, entertainment spots,
etc., to monitor the flow of people, vehicles, or other objects. A smart lighting element
may, for example, determine the number of people or objects which pass by the unit, the
speed at which the people or pbjccts pass the unit, or any other suitable measurement.
The collectéd data may then be analyzed, e.g., 'using a processor connected to the smart
lighting network, or by downloading the collected information to a suitable processor,
etc., to determine traffic flow, traffic patterns, points of congestion, ctc. This analysis
may be useful, for example, to detcxm.ine‘points where traffic is congested, to help
identify a change in ihe layout or configuration that may help redirect traffic flow or ease
passage and congestion, or to dectermine, for éxamplc, how customers prefer to navigate

through a supermarket or find seats in a theater.

In a retail or entertainment environment, such as a department store, park, resort,
or cas'ino, such data may also be useful to .idcnlify customer reactions {o displays. For
example, a smart lighting element in a display; or a smart lighting network in a retail
environment, may collect information such as how long customers view a display on
average, whether a display attracts people from distant parts of a store, or even capture or
analyze features such as facial expressions, to gauge customer’s interest in and reaction to

‘2 retail display, advertisement, or other display meant to attract attention. Such
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information may further be correlated witil information such as sales data, e.g., collected
at check-out lines, cash registers, or other inventory systems, to determine the overall
effectiveness of retail displays and advertisements. By reviewing and analyzing such
data, retailers and marketers can more éccurately gauge what types of displays, what
locations, and what combinations of items aré breferred by customers, are engaging, and
are most effective at inducing increasedl sales. Such information can also be used to

distribute high-interest items throughout a store to achieve even traffic flows, or to

increase customer exposure to new or obscure types of merchandise, or items that are

typically Bought on impulse.

Various tracking functions can be easily achieved with smart lighting networks.
For exampl.e, an object in the range of a sensor of a smart lighting element, e.g., a camera,
microphone, motion detector, etc., can be identified by the unit or network as an object.
As the object passes out of range, the network can track the motion of the objcct,
determine where the object is going, identify the smart lighting element associated with
that location, and track the object as it moves into the range of the second smart lighting

element, e.g., by a hand-off technique or other protocol.

A variety of entertainment uses are possible for smart Iighting‘ networks. For
example, theater or other lighting systems can be rapidly set up in outdoor environments,
or in indoor environments not wired fof cdmplex lighting systems. Appropriate smart
lighting devices may, for example, be situated near electrical outlets and, rather than
being wired together, may be controlled by wi.rcless commands. Such a network may also

function as a sound system by incorporating speakers in the smart lighting elements.
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Modular networks which' function using minimal wiring facilitate set-up for travelling

performances, or in environments, such as a high school gym, a stone church, a tent,

“outdoor gatherings, fountains or other water ‘displays, etc., where complex wiring

arrangements may be unsightly, dangerous, or difficult to set up. The combination of
light and audio functions further simplifies érid shortens required set-up procedures.
Furthermore, smart lighting devices can be outﬁtted with sensors, such as microphones or
proximity detectors that can be used to ihteractively modulate audiovisual output, for
example; in response to proximity of dancers or spectators, . in response to tempo or
dynamics of music, etc. Responsive and iritgractive smart lighting devices can also be

used in a fun house or other interactive environments for entertainment purposes.

A smart lighting network may' be controlled by a centralized system, or
cooperatively through the collective microprocessors of the smart lighting network.

Appliaﬁces and other household, business, industrial, or other devices can be outfitted for

" remote control, e.g., through infrared, microwave, or radio signals, and subjected to

control by the centralized system using the smart lighting network. Such systems can be
used to automate building systems functions and electrical devices, e.g., without requiring
extensivé or particularized rewiring. Uses can be as diverse as starting a coffee machine,
booting up a computer, raising the thermostat, starting and warming up a car at a
spebiﬁed_time, or continuously controlling the major functions of a processing plant.
Including sensors in the system enables more complex, interactive functions, such as
turning on a light when a person enters a room and turning it off when the room is empty.

Individuals can be equipped with badges that transmit signals based on identity or a

'general classification scheme, thus permitting the system to moderate access control to
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variéus sites of a building, play music in a room that matches the predetermined
preference of its occupant, monitor activity and locations of a building’s occupants, and
perform other functions. Voice commands can be received, interpreted, and carried out at
distant locations in the building, optionally depending on the status of the issuer of the
command, as determined, for example, by an identifying badge, voice or face recognition,
etc. Because the network can be accessed over a telecommunications network such as the
Internet or the public phone network, the e‘m./ir‘onment of a smart lighting network can be
monitored and/or modified from a remote locaiion. For.eﬁc‘zhlfrii)lc, business operations,
home security, and other conditions may be verified by receiving output from sensors in
the smart lighting network at a terminal in a remote location, e.g., using a web browser or
other suitable interface. Commands can be -sent from a remote location as well,
permitting modulation of any functions, such as building temperature, lighting control,
appliance or machine operation, etc., which is subject to control or mediation by the

smart lighting network.

Additionally, one of skill in the art will appreciate that a smart lighting network
may éolmprise smart lighting elements énd smart units that do not include lighting
elements, but include other functionality, 'such as sensors, transmitters, indicatprs,
speakers, or the like, e.g., to gather or.trahsmit information in environments where

lighting is not necessary or desirable, although network connectivity is desired.

The following description will be understood by one of skill in the art as
exemplifying various embodiments of the present invention without in any way limiting

'the scope or nature of the invention. As may be -clear from the following, a digital
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lighting'system of smart lighting elements may operate as a platform to support the
collection, exchange, and interpretation of sensor information available throughout a
network, and to support application of the sensor information to control and modify the

environment,

A digital lighting network may be usefully employed in retail environments.
Fundamentally, retail stores and chains try to. attract people an& cause them to spend more
mbn@y on their products and services. Human observers -are typically employed to
observe shoppers, from which obser\/.atic;ns trends, responses, and ‘other valuable
information may be extracted. A smart lighting network augmented with sensing devices
could provide the same observation capability and automatically produce detailed reports
of shoppers. The resulting information, which may'continuously monitor an entire store,
can be used to reveal traffic flow, provide feedback on merchandising, analyze product
placement trials, assess the effects of placément, lighting, merchandising, graphics, store
fixtures and so on. This knowledge, normally' not easily capttired, is invaluable to a store

or chain owner.

Even more far-reaching than simply tracking and providing data collection is the
potential of instantaneous feedback to user actions. Thus retailers may receive
instantaneous, or near-instantaneous data c.;n- shopper responses to various displays and
merchandise placements. This information ﬁxa& be used to create dynamic displays,
cither subtle or pronounced, such as changing display lighting in response to a shopper
pausing in front of a display, or activating a sound track. Real-time shopping information

may also be used to more closely control inventory, track sales trends, and the like.
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Supermarkets and other retailers with thin margins may advantageously employ a
digitalrlight'ing network to provide good~ trafﬁc flow and easy access to goods, and to
more accurately price shelf space for suppliers an(i wholesalers. Suppliers and
wholesalers, who may already pay for shelf space and location, would find tracking
information very useful in assessing hovs; people move within a store. Stores with smart
lightihg networks could offer such information to the wholesale giants at a fee, benefiting

the stores, the suppliers, and the customers.

Information collected in a retail application may be presented at a central location,
such as a computer, and may include software for controlling various outputs within the

digital lighting network, such as sound systems, lights, and other devices.

| A digital lighting network of smart lighting elements may be usefully employed in
a éecurity system. Many public buildings, building lobbies, stairwells, elevators,
convenience stores, bank ATMs, and many streets have cameras observing people going
aBout their business. In the same way that portals and web sites provide click-tracking of
users, such tracking functions can be exténdéd to the physical world using smart lighting

networks, so that brick-and-mortar systems can track behaviors and actions of people as

well.

For high-crime areas, smart lighting networks may be used for the tracking of
vehicles and people to help capture criminals either in the act or afterwards. Smart

lighting elements can hand off information so that tracking becomes a maiter of

‘establishing continuity of data and information between multiple units of the network.
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For example, a car is labeled as an object within a field-of-view and then, having moved
on, is handed off as an object to an adjacent.node.- This technique establishes continuity
and consistency for automating the tracking proécss, as though the area were covered by

one large camera.

These and other scenarios incorporating proximity, chemical sensing, smoke, and
fire detectors are facilitated by the ability to_adapt and alter the functionality of a smart
lightiﬁg element in a modular fashion. Secuﬁty systems-can then be quickly tailored to

changing conditions.

A digital lighting network of smart lighting elements may be usefully employed in
an office or other commercial location. Smart lighting networks which employ wireless
technology can be easily expanded or édapté_d as a company grows or changes in size,
and hay be provided as an alternative, or an enhancement, to ~wirclcss local area

networking in a commercial setting. Local wireless Will enable network access
throughout a building or corporate campus and the ability to transfer ‘and nccess

information will be greatly facilitated.

A digital lighting network of smart lighting elements may be usefully employed in

theme parks, resorts, hotels, casinos, and entertainment companies, all of which require
careful and constant tracking of customers. With a smart lighting network, key areas that

people avoid or are attracted to can be quickly identified, .
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Large events including trade shows can utilize smart lighting networks to
determine traffic flow, interest, dwell time, and interaction at individual booths or across
whole sections of a trade show floor. Theatres, which obviously track ticket sales, can get
more information about how people move in ind out of theatres, where people prefer to
sit and. move, how concession stands provicié access and sales, etc. by using smart

lighting networks. Large cinemas constantly deal with scheduling and crowd control

issues, and smart lighting networks can be used to diagnose and monitor problems, as

well as assess the effectiveness of solutions o ——

In some embodiments, the hardware‘and network of the digital lighting network
may employ readily available and standardized technologies as modular components of
smart lighting elements. Installation costs can be reduced through the use of existing
powerA wiﬁﬁg and the use of emerging wireless standards such as the 802.11 wireless

LAN standard, Bluetooth, or standards from the Infrared Data Association (“IrDA”).

In an embodiment, the smart lighting elements are fully modular. Each smart
lighting element is a modular I/O and nehworking device that may be seamlessiy added or
removed from a digital lighting network. Use of an épen architecture may permit tﬁé use
and development of a wide variety of different smart lighting elements and other
compatible devices for different applications. The framework may include, for each smart
lighting element or .other device (collectively “modules”), power and a conduit to wired
netwofks and a minimum set of /O features. Both elements can be designed to make it

simple and effective to add or change modules depending on desired feature sets.

A7
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The modules may be controlled by sbﬂwarc that cnables generic data collection
and actioﬁs that are point-and-click based, such as a browser interface, as well as more
detailed functional descriptions and controls for specific modules known to the software.
For example, the software may include a graphic interface that displays the information
generated by one or more modules, and ma& p;annit control of light intensity or color for

modules known to be smart lighting elements.

A map xﬁay provide an intuitive graphical user interface for displaying a room or
area. For example, a store map can be displayed and modules may be placed within the
map' using drag-and-drop ope;ations. Modules may then be double-clicked to open a
configuration “window or menu, and, if the configuration is on-line, the module can be
qﬁeried for functionality. This may opcn..a different window or frame that lists the
features and the results of a self-test. If the functionality or type of a module is known a

priori, this may be entered directly into the configuration window, or selected as an item
for drag-and-drop on to the arca map. Since modules may include output devices (such

as speakers, lights, moving systems), programs or effects can be written or developed

through the contro! software, or independentl}%, and incorporated into the module over the

digital lighting network.

Such smart lighting networks make it possible to link data and action. The
graphical user interface may include tools for creating process flows. For example,

through .a simple block diagram or state diagram approach, various processes may be
graphically described, including implementations of deterministic processes, event-driven

processes and conditional logic. For example, when someone enters a room, a lighting
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occur.,

A digital lighting network may be usefully employed as a data acquisition tool.
Data gathering may be automated for monitoring traffic flow through hallways, open
areas, elevators, as well as entrances and exits, and the traffic flow may be correlated to

time, place, or other factors.

An example application in a retail cﬁvironmcnt is now described in detail. A
clothing bhain that markets t.o teenage girls in malls throughout the northeast US can
install modules with a variety of sensor devices including cameras and proximity
detectors and digital lighting. The modules can eéch be installed with only a single power
connection, and one of the modules can also be tied into the store’s data network which
uses a telephone line for data communications with the store’s headquarters, The system
may further be connected to the point-of-sale data collection system to permit exchange

and integration of captured data.

After opening the store in the morning, the store manager can go to the monitor

screen and look for any activity on the digital network during the night. The system might

inform her that the clcu'ning crew was in. However, the system might also alert her that

the air conditioning failed during the night and the temperature sensors detected a

-dramatic rise in temperature between 3 and 4 am. Although with clothing this might not

be a concern, some of the cosmetics in the store might be badly affected by elevated

-temperatures.
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As customers move throughout the store during the day, their general movements ,

may be tracked. Later, a map can be generated from the day's data collection to display
people traffic and dwell time at various points in fhe store. The information can make it
apparent, for example, that an aisle of shirts and accessories is the least visited area of the
store. Althoﬁgh the aisle may be easily .accessible, the manager might investigate and
discov_ef a rack of clothes has unintentionally obscured the aisle from view as customers

approach that area.

The day's receipts may also uncover a curious anofr;zii;': the clustering of data,
which can be used to draw inferences about buying habits, may show that girls who are
buying smaller size pants, skirts are also buying much larger shirts that don't correspond
to the bants size. The manager might move those items closer together in the store to see

if this generates increased sales and traffic in that area.

A quick tracking analysis might reveal that people are not stopping by displays at
the entrance but are sweeping through the entrance quickly into the store, which mi ght
prompt moving the entrance displays further into the store or jazzing up the entrance
displays. ‘Traffic near an aisle of blouses might be identified as being normal even when
sales are much lower than normal. The information might indicate that if two or more
people are in that area, then one or both rpovcd quickly through. Afier investigating, the
manager might ﬁﬂd that the cases have been moved closer together than would be

comfortable for two people and then move the displays away from each other.
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Several suppliers of clothing might purchase data from several stores for analysis.
They might examine trends in traffic and their own-product positioning through the store.
Better placement may result in better sales. The modules may thus facilitate measuring

effectiveness of display areas.

A customer may enter and see a product display board which depicts
representative pieces of clothing: pants; skiﬁs, blouses, shirts, lingerie, etc. As the
customer touches a piece of clothing, a smoofh but quick series of lights may trace a path
on the ceiling of the store indicating where that.type of item is displayed. The lights may
culminate in a single indicator iight above the clothing indicated. The customer may then

move to the indicated location to see a display of sweaters.

Price changes may be transmitted dyﬁamically through the smart lighting
network. For example, where a customer spends a significant amount of time in front of
a display, the price for a product may be lowered to lure the customer to make a purchase.
Further, the price for a customer may be persénalized by tracking the customer to a cash
register and providing the customer with a pricé displayed when the customer selected the
item. Altematively, pricing may be increased if, for example, fifty percent of the
inventory is sold in a single morning. More complex pricing schemes may also be
imislement%:d, and may be personalized to individual customeérs according to their

observed shopping habits. .

In a retail environment such as that described above, where information

.concerning products, product sales, customers, inventory, pricing, and the like may be
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proprietary and highly valuable to a stor'e owner or manager, it may be desirable to add
security to the smart lighting network. Secure transmissions may be implemented using a
number of cryptographic techniques or other techniques, and may be implemented, for
example, as a physical layer, network layer, or application layer encryption system,
depending upon the complexity and processing power of each smart lighting network

node. Further, security may be negotiated individually for each communication link, or

R
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each sxhart‘ lighting element may have its oWn encryption key, or a single key may be -

provided for an entire smart lighting network.

An application of the aigital lighfing system with smart lighting elements to an
arenatenvironment is now described in ‘detail. A sports arena may host hockey and
basketball games and other sporting events a;s well as rock concerts. The events may have
very different types of crowds that ma& ‘behave differently. For security, the existing
CCTV camera systems may have been adéquiﬁe, but did not help track the flow of pcople
before, during, and afier the events. Médulés, however, may facilitate tracking people
during events. For example, the smart lighting network may provide a detailed map of
traffic flow that enables simple rcconﬁgumtion., and redesign of the exits and entrances.

Additionally, the system may also be able to identify several configurations of

concessions and restrooms that caused substantié}l bottlenecks during certain events. By “

closing some concessions and opening others the problems may be reduced or eliminated.

Moreover, during some rock concerts, .roving bands of fans might cause

considerable damage and harm to others. The, tracking features and sensing devices of the
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smart lighting network might pinpoint and follow the perpetrators, enabling security

officers to intercept, with plenty of time to plan and implement the interception.

In certain embodiments of the inven_tion, modulation of the LEDs of the smart

lighting devices disclosed herein can provide communications functions between smart

lighting devices or between a smart lighting device and another networked device.

. The recent development of general illumination fixtures based on LED's includes
the use of lighting that employs a mix 4of fixed-wavelength LED's, such as
monochromatic red, green, or i)lue LED's, to produce a spectrum of colors. Such LED
systems are disclosed in U.S. Application Serial No. 09/215,624, filed December 17,
1998, which application is incorporated herein by reference. Generally, the LED's in

these systems are configured as saturation devices, that is, they have a single, "on"

intensity determined by a regulated current. The perceived intensity of LED's in these °

systems is controlled by rapidly turning the LED's on and off with a control signal that
has a regulated duty cycle, While the period of the control signal is sufficiently short that
a human eye cannot detect the progression of "on" and "off" states, there remains

significant additional switching speed in conventional LED's.

In wireless communication, a data signal is modulated onto a carrier signal such
as a radio frequency, visible light (laser), or infrared carrier, with an appropriate
modulation scheme selecled according to the transmission medium. While infrared

LED's’ have been used for wireless data transmission, typically using pulse code

‘modulation ("PCM"), and visible light LED's have been used for illumination. In the
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illumination field, LED's provide significant design flexibility since LED's with different
wavelengths, i.e., colors, may be mixed to génera-te desired lighting effects and desired
colors. As a significant disadvantage, systems of LED's, and more particularly visible
light LED's, require additional, independent data communication hardware in order to
operate as a networked lighting system. This may include twisted pair wire leads, or
some éthcr bus structure, which must physicaily interconnect one or more control units to

lighting subsystems that are to be controlled.

In this embodiment, an LED sy‘stem is provided that employs pulse-width
modulation ("PWM") to control illumination intensity and pulse code modulation
("PCM") to carry data. However, it will be understood by those of ordinary skill in the
art that the methods and systems described herein can be suitably adapted to many other
modulation schemes suitable to LED's, and may further be used in combination with
many kﬁowﬂ data networking techniques. The principles of the invention are particularly
applicé.ble to any environment where the dual functions of illumination and wireless data

communicalion are desired.

Figure 3 shows an LED encoder and an LED decoder according to the principles

of the invention. It will be appreciated that numerous LED's and decoders may be used in
combination, as win be discussed in more detail below. The single LED system includes
a transmitter 50 comprising an illumination signal input 60, a data input 65, a processof
70, an LED driver 75, and an LED 80.. ’ The system further iné:ludes a receiver 82

comprising an optical transducer 85, a decoder 90, and a data outpﬁt 95.
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In convcnfional LED systems, the. illumination signal applied to the illumination
signal input 60 is converted to a pulse width modulated ("PWM") signal that is provided
as a control signal to the LED driver 75. The perceiveq intensity of the LED 80 is a
function c;f the duty cycle, or average "on" time, of the control signal. According to the
principles of the invention, this control signai ;x;ay be further modulated by a data signal
applied to the data input 65, while retaining the duty cycle of the control signal such that
the interisity of the LED 80 is still controlled by the illumination signal. The processor
70 may include a buffer 97, which stores data received at the data input 65 when a

received data rate exceeds a data capacity of the control signal.

It will be appreciated that numerous devices for receiving, processing, and

' generating signals are known and may be employed with the invention. The processor 70

or decoder 90 may be a microprocessor, microcontroller, programmab}e digital signal
proceséor, application-specific integrated circuit, programmable logic device,
programmable gate array, or other device cﬁpablc of receiving and manipulating input
and output signals consistént with the principles of the invention. The processor 70 and
decoder 90 may also include analog c‘orﬁponents such as operational amplifiers and
transistors, discrete logic components, or be a combination of analog, discrete logic, and

other processing components.

In one embodiment, the receiver 82 applies known techniques to decode PCM
signals impressed upon the optical transducer 85. The optical transducer 85 may be a

photofransistor, photodiode, or any other device capable of detecting incident light having

_ the wavelength emitted by the LED 80. The decoder 90 receives a signal from the optical
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transducer and recovers PCM signals having a predetermined center frequency. The
decoder 90 converts the recovered PCM signals'into a data output signal at the data
output 95. The processor 70 uses the safne'éenter frequency to encode the data éignal

using PCM.

| Figure 4 shows the composition of a control signal according to the principles of
the invention. The control signal of Fig. 4 is particularly applicable to those
environments where it is desired to contfol illumination and fransmit data within a shared
optical channel. As shown, the PWM sig'nall 100 is "on" from O to t, and "off" from t to
T. The dut.y cycle for this signal may be expressed as a ratio of the length of the "on"
state, t, to the period of the entire PWM signal, T A data signal 110 is also shown. The
dé.ta signal 110 preferably has a shorter period than tﬁe PWM signal 100, with the period
determined by the center frequency of the decoder 90. In order to maintain the duty cycle
of the PWM signal 100 within a control signal 120, an inverted form of the data signal
110 is also generated by the processor 70, beginning at the end of the original PWM
signal-100. The control signal 120 is generated by taking an exclusive OR (“XOR”) of
the PWM signal 100 and the data signal 110.. The control signal 120 is transmitted to the

LED driver 75 where it is used to activate tﬁe LED 80. In response to the control signal

120, the LED 80 generates visible light having a color determined by the LED 80 and an

intensity determined by the average "on" time of the control signal 120. The applications

incorporated by reference herein provide further details as to PWM and other carricr

wave techniques, and it should be understood that the method of PWM control disclosed .

herein is but one illustrative embodiment, and that other PWM embodiments are within

the scope of the present disclosure.
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The visible light from the LED 80 falls upon the optical transducer 85, which
generates signals to the decoder 90. The decoder 90 demodulates the PCM data
contained in the visible light to reconstruct the data output signal. It will be appreciated
that, in this embodiment, the data carrying capacity of the control signal 120 will depend
upon the duty cycle of the PWM signal 160 and the data signal 110. For example, an
illumination signal indicating that the LED 80 should always be off (duty cycle of 0%) or
alhways be on (duty cycle of 100%) has no information carrying capacity. It will further
be appreciated that other modulation schemes are known, such as pulse position
modulation ("PPM"), and may be used to modulate the data signal 110 according to the
principles of the invention, provided that the modulation is performed in a manner that

preserves the average "on" time indicated by the duty cycle of the PWM signal 100.

Other techniques for combining lighting functions and data communication
functions are possible. For example, data signals may be transmitted with infrared
LED's, and illumination signals may be transmitted using visible light LED's. In an
embodiment, only a particular color of visible light LED may be used to transmit data,
with a matc;hing optical filter on the receiver. In another embodiment, data may be
transmitted for a time, followed by illumination. Data and illumination signals may
alternate on a fixed period, or data may be transmitted only during a power up phase, or
data may be preceded by a modulated data header which signals to a receiver that data
will follow. In another embodiment, lighting may be provided by any conventional light
source, such as an incandescent or ﬂouréécént light, while data may be transmitted using
a modulated LED. Any of these techniques, .OI‘ other techniques, may be used to practice

'a networked lighting system.
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Figure 5 shows a lighting subsystem according to the principles of the invention. *
A lighting subsystem 130 may include a.light source 132 responsive to an illumination
signal 134, and a transmitter 136 and a receiver 138 such as the transmitter and receiver
described in reference to Fig. 1. It will be appreciated that, although not shown in Fig. 3,
the transmitter 136 and the light source 132 It;ay be embodied in‘a single optical device,
such as an LED described above. The ;ighting subsystem 130 may also include a

processor 140, a memory 150, and input/output circuitry 160.

The transmitter 136 and the recqiver 138 may provide a physical link to a lighting
network over which the lighti.rllg subsystem 130 may send and receive data. The lighting
subsystem 130 may receive illumination data from the receiver 138, as well as any other
data or control signals that may be transrhitted over a network. The light source 132 may
be any kmown light source, including an' LED light, programmable LED array,
incandescent lamp, floodlight, high-voltage spotlight, track light, flourescent light, neon
light, halogen light, or any other illumination source. The input/output circuitry 160
includes any suitable analog/digital and digitaVanalog circuitry, and other signal
processing circuitry for transforming sign.alis from the processor 140 into signals fpr the

light source 132 and the transmitter 136, as well as for transforming signals from the

receiver 138 into signals for the processor 140. For example, the input/output circuitry

160 may include the components described in reference to Fig. 3.

The memory 150 may store information relating to the lighting subsystem 132,

For example, the memory 150 may store a date of manufacture for the lighting subsystem

' 132, a serial number of the lighting subsystem 132, an address of the lighting subsystem

. 38‘



WO 02/25842 PCT/US01/29283

10

15

20

132, capabilities of the lighting subsystem 132, and any settings or other information
reiating to ‘the lighting subsystem 132. The address may be an identifier or digital
signature that uniquely identifies the Iigﬁtiﬁg subsystem 132 from among a plurality of
lighting subsystems 132 or other devices. The address may then be used as a source or
destination address for data cc;u'ricd over a ‘lighting network, such as the network
descriqu below. The date of manufacture and the serial number may be used, for
example, -to identify the lighting subsystems 132 and any known capabilities of the
lighting subsystem 132. Or, as noted. above, specific capabilities of the liéhting

subsystem 132 may be explicitly communicated using the transmitter 136,

.Settings may also be stored in the memory 150. This may include any settings
cofresponding to the lighting subsystem 132. For example, where the lighting subsystem
132 includes a programmable LED array, the settings may include programming
information for the array. The settings may also include, for example, configurable
lighting effects such as fades, timers, or the like. The settings may .also include a flag for

the lighting subsystem 132 to operate as a control unit for other lighting subsystems 132,
or to operate as a communication node for other lighting subsystems 132, or to operate as

a slave to another device,

It will be appreciated that a numbcr of xlncmory devices arc known, and may be
used in a lighting subsystem 132 accordiﬁg to the principles of the invention. For
example, the memory 150 may be a flash memory, read-only memory, or sbmc other
non-volatilelr.nemory, or the memory may be a random access memory, dynamic random

access memory, or some other volatile memory.
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The lighting subsystem 132 may include a processor 140. The processor 140 may
be a microprocessor, microcontroller, application specific integrated circuit,
programmable logic device, or any other device that may be configured to control

operation of the lighting subsystem 132. Where the lighting sﬁbsystem 132 is a battery

powered device, the processor 140 may be a low-powered processor. The memory 150 of .

the lighting subsystem 132 may include programming code for autonomous execution by
the processor 140 of the lighting subsystem 132. The programming code may include
information to control lighting by the lighting subsystem: 132, or information to control
operation of the lighting subsystem 132 as a corﬁmunication node in a lighting network.
The programming code may inélude one or more diagnostic routines to automatically test
capabilities of the lighting subsystem 132 eéch time that the lighting subsystem 132 is

powered up, or at other times when specifically requested, such as by control signals

- received on the receiver 138.

Figure 6 shows a networked lighting system according to the principles of the
invention. A networked lighting system 200 may generally include a plurality of lighting
subsystems 202, 212, 214, 216, other networked devices 204, and one or more control
units 206, sharing data over a lighting network 208. The control unit 206 may also be
connected to a data network 210 for remote access to the control unit 206 and the lighting

network 208.

Each of the lighting subsystems 202 may be a lighting subsystem such as the one

described in reference to Fig. 5. Each lighting subsystem 202 may be connected to the
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lighting network 208 to form a communicating relationship with other lighting .

subsystems 202, other networked devices 204, and the control unit 206.

One of the lighting subsystems 212 is shown operating as a node in the lighting
network 208. The lighting subsystem 212 includes the components of one of the lighting

subsystems 202, The lighting subsystem 212 .is configured to operate as a node that
connects additional lighting subsystems 214; 216 to thé lighting network 208, as well as
to the control unit 206 and the networked devices 204 connected thereto. The additional
lighting subsystems 214, 216 may additionaily be configured 'to communicate with one
another independent of the - lighting nctWork 208, in order to exchange control
information, such as information to provide a totally intensity of illumination within an
area, or to control a color of illumination thfough mixing of color sources available at

each of the lighting subsystems 214, 216.

Turning now to the networked devices 204, each networked device 204 may
include a receiver and a transmitter for communicating over the lighting network 208, as

well as a processor and a memory such as the processor and the memory described above.

* Networked devices 204 may include lighting fixtures, thermostats, motion scnsors,'light

sensors, timers, switches, power controls, fans, electronically operable window blinds and
cuﬁains,'alaﬁns or audible signal generatérs, or any other sensor, transducer, or actuator
for opération with the lighting network 208. Cthcr networked devices 204 which may be
used with the invention may include devices sgch as smoke making machines, audio and

video ﬁrescntation equiprnent, strobe lights, gﬂccironic doors, and so forth.
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| According to the principles of the invention, the networked device 204 may>
physically situated such that the networked device 204 may communicate through the
lighting network 208, and may provide sensor data and/or receive control information
without a need for wired connections to ether devices connected to the lighting network
5 208. Aswith the lighting subsystems 202, 212; '214, 216, the networked devices 204 may
be configured to operate as communication nodes in the lighting network 208, or to

operate in slave or control configurations.

One or more of the lighting subsystems 202, 204, 206, 210, 212, 214 may be

conﬁgu;ed to operate independently, each sending and/or receiving data over the lighting

10 networic 208 to other ones of the lighting subsystems. Thus the network 208 may be
decentralized, consisting of one or more subnetworks interconnecting, for cxarnplc, a first
subgroup of the lighting subsystems 202, 204, 206 in a first subnetwork, and
subconnecting a second subgroup of the lighting subsystems 210, 212, 214 in a second
subnetwork. The network 208, or any'subnetwqu thereof, may be conﬁgured to operate

15 as apeer network shared by a number of autonomous network nodes, or the network 208,
or any subnetwork thercof, may be conﬁgnred to operate as a client-server network.with

one lighting subsystem arbitrating communications among the other lighting subsystems.

In either a peer network or a client-server network, one node may operate as a master that

controls operation of other lighting subsystems connccted to the subnetwork or the

20 network 208.

The networked lighting system 200 may include a control unit 206, The control

"unit 206 may be a programmable device such as a personal computer, or any other device
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that can receive user input and maintain control information for the lighting network 208. +

The control unit 206 may include a transmitter and receiver for establishing
commﬁn.ications over the lighting network‘208.« There may also be provided any other
software tools designed for management of the lighting network 208, including an
interface to manage, monitor, control, and trpubleshoot the lighting network 208, as well
as perform other ﬁmctions consistent with the lighting network 208. For example, the
control unit 206 may be used to download control programs to one or more of the lighting
subéys&tems 202 or networked devices 204 for autonomous ‘execution on those 'dcviccs
and subsystems. Or the control unit 206 may be used to synchronize effects or control of
environmental conditions provided by the system 200, and the networked devices 204

and the lighﬁng subsystems 202 attached,the;etd.

The control unit 206 may also be cdnnectcd to a conventional data network 210,
such as a local area network, wide area network, private area network, or a public
network such as the Internet. Through this connection, control information for the
lighting network 208 may be provided remotely through any device connected to the data
network 210. Additionally, data from sénsors associated with the lighting subsystems
202 or the networked devices 204 may be retrieved and viewed from a remote device
connected to the data network 210, either fox; simple monitoring functions or for
interactive control of the system 200. Th'c control unit 206 may include known sccurity
features such as password protection and secure communications, in .order to maintain
privacy of data available from the lightin‘gAnetwork 208, and to prevent unauthorized

tampering with devices attached to the lighting network 208.
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The networked lighting system 200 may be used in any controlled lighting

~environment, such as a theater lighting system, home lighting system, a commercial

display such as a window display, interior lighting system for social functions, exterior
lighting system configured in an architecfurai or‘landscaping design, or any other system
where information may be usefully communicated among a number of lighting
subsystems. For example, a spectral sensor may be provided as a networked device 204,
and may receive illumination from a nurﬂber of lighting subsystems 202, each of which
contains a different colored light source. The spectral senso‘fnr'iay communicate with the

lighting subsystems 202 to automatically provide lighting of a predetermined color.

The networked lighting system 200 may also be used as a replacement for other

- communications networks, such as wireless computer networks. That is, the data

carrying functions of lighting subsystems may be used, independent of the lighting
functions, to form data links between computeré, or other devices that might typically be

networked, that bridge physical gaps between'connection points of the computers.

Figure 7 shows a modular lighting subsystem according to the principles of the
invention. The modular lighting subsystem 700 may include a base 702 that forms a
universal platform for a number of moaulés 710, 712, 714, 716. The base 702 may
include a light 720, such as an LED source or some other light source. The light 720 may
form a discrete lighting area, such as a lens, within the base 702, or the base 702 may be
formed of a diffusing material so that the ligl}t 720 provides illumination throughout the

base 702. It will be appreciated that, although the base 702 is shown in Fig. 7 as circular

'in shape, that the base 702 may have any shape, and may include hooks, screw holes,
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adhesive, or other components for mounting in a location. The base 702 may also include

an electrical cord and a plug for attachment to, for example, an 110V AC outlét, or a low

voltage DC outlet.

Each modﬁle 710, 712, 714, 716 may fit into a cradle within the base 702, which
may be any shape adapted to receive the module. The cradle may include electrical
contacts for forming power connections wifh the modules, and may also include electrical
contacts for forming data connections between the base 7.02’ar41d the modules 710, 712,
714, 716, as well as among the modulcs'71(.), 712, 714, 716. The modules may include
components for expanding or changing the functionality of the lighting subsystem 700.
For example, a first module 710 may provide power, and may include a battery or a
converter for converting an external power source into a power source suitable for the
lighting suBsystcm 700. A second module 712 may provide input/output, including a
network interface such as a physical interface to an infrared or radio frequency network,
and any network protocol stack required to form communication links between the
lighting subsystem 700 and other nodes of a network. A third module 714 may provide
sensors such as microphones, temperature sensors, digital cameras, or, for example, any
of the sensors discussed above. A fourth module 716 may provide output devices such as
a speaker, an LED or LCD display, additional lights or LED’s, or some other output
device. - Other modules may include, for example, a processor or other device. In one
cmbodimént, each cradle is the same, so that any module may be inserted into any cradle.
In this embodiment, the base 702 may include circuitry for detecting module types and

forming a suitable conncction to each module.
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Figure 8 shows several embodiments. of modular lighting subsystems according to
the pﬂnciples of the invention. In a modula; lighting subsystem 800, each module 810
may provide additional functionality su@h as sensing and communication. In Fig. 8, the
modules 810. may connect to a base 820 with a simple mechanical and/or electrical
connection. Suitable mechanisms for forming connections are known in the art, such as
cellular phone and personal digital assiAstanf power and data connections, light bulb
connections, dual in-line pin package sockets, zero insertion-force sockets, cradles,
modular jacks for phone and network connections,‘cléc'trical sockets, game cartridge slots
for gaming platforms, docking stations for computers, and so forth. " An additional
locking feature such as a mec;hanical level or bayonet mounting may be used to insure

that all modules 810 remain in place as others are removed and inserted.

External cabling 840 to high-bandwidth devices such as a camera 850 may be
included in a module 810 as shown, or directly attached to a port in the base 820. The
base 820 may provide a central connection for a variety of sensing and communications
modul'cé 810. A varicty of physical forms can be made that would fit into different styles
and decors without appearing to be out of place, as shown generally in Fig. 8. The
functionality may be the same for each base 820, or the functionality may be spcciﬁlized

for one or more different types of bases 820. -

Figure 9 shows a retail environment according to the invention. Within the retail
environment 900, a computer monitor 910 may display information in a useful graphic
form of a plan view 920 of the store that includes information relating to, for example,

‘time and traffic through the store. The plan view 920 can take many forms, including
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graphs, tabular data, bar charts, and the like. As one example, graphical representations

may offer a powerful and easy to interpret means of showing relevant data.

In the retail environment 900 of Fig. 9, people 930 may view, for example, two
displays: a first display 940 to the left and a second display 950 to the right. Both
diéplays 940, 950 may attract people ‘though attention-getting visual merchandising
techniques. Through a lighting” network éccording to the invention, sensors such as
cameras with image interpretation or proximity sensors, may be used to detect and track
people, and to display the location of pcdple on the plan view 920 of oné of the displays

940, 950.

_In this way, the peregrinations of patrons can be plotted perfectly. In one
embodiment, lines 960 on the floor and one or more clocks 970 may graphically represent
the paths and the duration of patrons during thé course of the day. The thickness or width
of the lines 960 may represent the amount of tr.afﬁc along that path. The clocks 970 may
represent an average amount of time spent at' a display 940, 950. In this way, visual-
merchandising techniques can be qpickly gnd easily compared for their attention-getting
ability, percentz.tgc of traffic cffectivcncss; and-interaction. It will be appreciated that,
althqugh shown on a floor of the retail ‘environment 900 to illustrate a relationship
between people 930 and the lines 960 and clocks 970, the lines 960 and clocks 970 might
be displayed on the plan view 920 of the computer monitor 910 for review by a store

owner or manager.
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Additionally, the displays 940 themselves can be monitored and controlled with ©
réspcqt to customer interaction. For examplq, changing lighting, or kinetic devices can be
compared and analyzed for their abiiity to ‘attract customers. The displays 940
themsclvés may be used as a part of a data collection process that includes other sensors

5  throughout the retail environment 900.

Figure 10 shows an office environment according to the invention. The office
environment 1000, whether home or work, offczjs another venue for building automation
systems: Lighting module subsystems 1010; shown mounted to two walls, provide
capability for networking and sensors for defccting if people are in the office. Wireless

10  and wired networks may use the lighting module subsystems 1010 as well, as input or
output devices, nodes, or communication ‘hubs. A system using lighting ‘module
subsystems 1010 within the office environment 1000 can detect pilferage and unwanted
employee intrusions, as well as providing a communications conduit for the office
resinent. The lighting module subsystern 1010 may also support TCP/IP networking, and

15  may provide for web browsing capability external to the office. The networked
capabilities may thus simplify data collectinn and reporting capabilities in the office
environment 1000, and simplify office networking, either by creating a network or

supnlcmenting an existing network.,

Portable devices, as they are brought into and out of the office environment 1000,
20  can link to the lighting module subsystems 1010 using a variety of protocols which may

provide transparent connection, or explicit, user controlled connections.
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While the invention has been disclosed in connection with the preferred *

embodiments shown and described in detail, various modifications and improvements
thereon will become readily apparent to those skilled in the art,  Accordingly, the spirit

and scope of the present invention is to be limited only by the following claims,

5 " What is claimed is:
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1.

Claims

A multifunctional device, comprising:

a platform,

a lighting element disposed on the platform, the lighting element having a lighting

function and having at least one non-lighting function, and

at least one processor for controlling the lighting element to provide the lighting

function and the non-lighting function, wherein the processor generates a pulse-

width-modulated signal to control the lighting function.

2.
3.

A device of claim 2, wherein the lighting function is provided by LEDs.

A device of claim 1, wherein the period of the pulse-width-modulated signal is

controlled using a duty cycle based on logic of exclusive or.

4,

10.

11.

A device of claim 1, wherein the duty cycle is controlled to provide the non-
lighting function without visible effect on the lighting function.

A device of claim 4, wherein the lighting function is provided by LEDs.

A device of claim 1, wherein the non-lighting function is a communication
function.

A device of claim 6, wherein the communication function is selected from the
group consisting of network communications, telecommunications, infrared
communication, radio communication, acoustic communications, and digital
communications.

A device of claim 6, wherein the communication function is provided according
to a protocol selected from the group consisting of a DMX protocol, an internet
protocol, TCP/IP and a wireless protocol.

A device of claim 1, wherein the non-lighting function positions the device.

A device of claim 9, wherein positioning the device comprises positioning the
device in response to a signal received by the processor.

A device of claim 9, further comprising a second non-li ghting function, wherein
the second non-lighting function comprises a sensing function and wherein
positioning the device is in response to a sensed condition sensed by the sensing

function.
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12.

13.
14.

15.

16.

17.

18.

19.

20.

21,

A device of claim 9, wherein the device is positioned in response to at least one
of a sound, a temperature, a detected image, a detected movement, and a detected
particle.

A device of claim 1, wherein the non-lighting function is a sensing function.

A device of claim 13, wherein the sensing function is provided by an element
selected from the group consisting of a sensor, an IR detector, a camera, a motion
detector, a proximity detector, a photovoltaic sensor, a photoconductive sensor, a
photodiode, a phototransistor, a photoemissive sensor, a photoelectromagnetic
sensor, a microwave receiver, a UV sensor, a magnetic sensor, a magnetoresistive
sensor, an ozone sensor, a carbon monoxide sensor, a smoke detector, a position
sensor, a thermocouple, a thermistor, a radiation pyrometer, a radiation
thermometer, a fiber optic temperature sensor, a semiconductor temperature
sensor, and a resistance temperature detector.

A device of claim 13, wherein the sensing function is provided by a sensor that is
sensitive to at least one of a biological condition, a chemical condition, a
particulate, a vibration, llmnidify, a concentration of a vapor, a concentration of a
gas, and an acoustic stimulus.

A device of claim 13, wherein the lighting element provides at least a second
non-lighting function, wherein the second non-lighting function comprises
transmitting signals representative of a condition sensed by the sensor.

A device of claim 16, further comprising altering the color or brightness of light
emitted by the lighting unit in response to a stimulus received by the sensor.

A device of claim 1, wherein the non-lighting function is an emitting function.

A device of claim 18, wherein the emitting function is selected from the group
consisting of a sound, an ultrasonic signal, a radio frequency signal, a microwave
and an infrared signal.

A device of claim 1, the lighting element further having at least a second non-
lighting function selected from the group consisting of a communication function,
a positioning function, a sensing function, an actuation function, an emitting
function and a networking function.

A device of claim 1, further comprising a second device having a lighting
function and a non-lighting function and further comprising a communication
pathway among at least two such devices.
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22. A device of claim 21, wherein the communication pathway is selected from the
group consisting of a cable, a wire, a network, an optical pathway, a infrared
pathway, a radio pathway, a bluetooth connection, a telecommunications
connection, a wireless connection, an acoustic connection and a radio connection.

23. A method of providing multiple functions in a multifunctional device,
comprising:
providing a platform,
disposing a lighting element on the platform, the lighting element having a

lighting function and having at least one non-lighting function,
providing at least one processor for controlling the lighting element to provide

the lighting function and the non-lighting function, and

generating a pulse-width-modulated signal to control the lighting function.

24. A method of claim 23, wherein the lighting function is provided by LEDs.

25. A method of claim 23, further comprising:
controlling the period of the pulse-width-modulated signal using a duty cycle

based on logic of exclusive or.

26. A method of claim 25, further comprising controlling the duty cycle to provide
the non-lighting function without visible effect on the lighting function.

27. A method of claim 23, wherein the lighting function is provided by LEDs.

28. A method of claim 23, wherein the non-lighting function is a communication
function.

29. A method of claim 28, wherein the communication function is selected from the
group consisting of network communications, telecommunications, infrared
communication, radio communication, acoustic communications, and digital
communications.

30. A method of claim 28, wherein the communication function is provided
according to a protocol selected from the group consisting of a DMX protocol, an
internet protocol, TCP/IP and a wireless protocol.

31. A method of claim 23, wherein the non-lighting function positions the device.

32. A method of claim 31, wherein positioning the device comprises positioning the
device in response to a signal received by the processor.

33. A method of claim 31, further comprising a second non-lighting function,
wherein the second non-lighting function comprises a sensing function and
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34.

35.
36.

37.

38.

39.

40.

41.

42.

wherein positioning the device is in response to a sensed condition sensed by the
sensing function.

A method of claim 33, further comprising positioning the device in response to at
least one of a sound, a temperature, a detected image, a detected movement, and a
detected particle.

A method of claim 23, wherein the non-lighting function is a sensing function.

A method of claim 35, wherein the sensing function is provided by an element
selected from the group consisting of a sensor, an IR detecfor, a camera, a motion
detector, a proximity detector, é photovoltaic sensor, a photoconductive sensor, a
photodiode, a phototransistor, a photoemissive sensor, a photoelectromagnetic
sensor, a microwave receiver, a UV sensor, a magnetic sensor, a magnetoresistive
sensor, an ozone sensor, a carbon monoxide sensor, a smoke detector, a position
sensor, a thermocouple, a thermistor, a radiation pyrometer, a radiation
thermometer, a fiber optic temperature sensor, a semiconductor temperature
sensor, and a resistance temperature detector.

A method of claim 35, wherein the sensing function is provided by a sensor that
is sensitive to at least one of a biological condition, a chemical condition, a
particulate, a vibration, humidity, concentration of a vapor, concentration of a
gas, an acoustic stimulus, a vibration and humidity.

A method of claim 35, further comprising providing a second non-lighting
function, wherein the second non-lighting function comprises transmitting signals
representative of a condition sensed by the sensor.

A method of claim 38, further comprising altering the color or brightness of light
emitted by the lighting unit in response to a stimulus received by the sensor.

A method of claim 23, wherein the non-lighting function is an emitting function.
A method of claim 40, wherein the emitting function is selected from the group
consisting of a sound, an ultrasonic signal, a radio frequency signal, a microwave
and an infrared signal.

A method of claim 23, further comprising providing at least a second non-
lighting function selected from the group consisting of a communication function,
a positioning function, a sensing function, an actuation function, an emitting

function and a networking function.
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43. A method of claim 23, further comprising providing a second device having a
lighting function and a non-lighting function and providing a communication
pathway among at least two such devices.

44. A method of claim 43, wherein the communication pathway is selected from the
group consisting of a cable, a wire, a network, an optical pathway, a infrared
pathway, a radio pathway, a bluetooth connection, a telecommunications

connection, a wireless connection, an acoustic connection and a radio connection.

45. A muliifunctional device, comprising:

a platform,

a first element disposed on the platform, the first element having a lighting function,

a second element disposed on the platform, the second element having a non-lighting

function, and

at least one processor for controlling the first and second, wherein the processor

generates a pulse-width-modulated signal to control the lighting function.

46. A device of claim 45, wherein the lighting function is provided by LEDs.

47. A device of claim 46, wherein the period of the pulse-width-modulated signal is
controlled using a duty cycle based on logic of exclusive or.

48. A device of claim 45, wherein the duty cycle is controlled to provide the non-
lighting function without visible effect on the lighting function.

49. A device of claim 48, wherein the lighting function is provided by LEDs.

50. A device of claim 45, wherein the non-lighting function is a communication
function.

51. A device of claim 50, wherein the communication function is selected from the
group consisting of network communications, telecommunications, infrared
communication, radio communication, acoustic communications, and digital
communications.

52. A device of claim 50, wherein the communication function is provided according
to a protocol selected from the group consisting of a DMX protocol, an internet
protocol, TCP/IP and a wireless protocol.

53. A device of claim 45, wherein the non-lighting function positions the device.

54. A device of claim 53, wherein positioning the device comprises positioning the
device in response to a signal received by the processor.
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55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

A device of claim 53, further comprising a second non-lighting function, wherein
the second non-lighting function comprises a sensing function and wherein
positioning the device is in response to a sensed condition sensed by the sensing
function.

A device of claim 53, wherein the device is positioned in response to at least one
of a sound, a temperature, a detected image, a detected movement, and a detected
particle.

A device of claim 45, wherein the non-lighting function is a sensing function.

A device of claim 57, wherein the sensing function is provided by an element
selected from the gfoup consisting of a sensor, an IR detector, a camera, a motion
detector, a proximity detector, a photovoltaic sensor, a photoconductive sensor, a
photodiode, a phototransistor, a photoemissive sensor, a photoelectromagnetic
sensor, a microwave receiver, a UV sensor, a magnetic sensor, a magnetoresistive
sensor, an ozone sensor, a carbon monoxide sensor, a smoke detector, a position
sensor, a thermocouple, a thermistor, a radiation pyrometer, a radiation
thermometer, a fiber optic temperature sensor, a semiconductor temperature
sensor, and a resistance temperature detector.

A device of claim 58, wherein the sensing function is provided by a sensor that is
sensitive to at least one of a biological condition, a chemical condition, a
particulate, a vibration, humidity, a concentration of a vapor, a concentration of a
gas, and an acoustic stimulus.

A device of claim 58, wherein the lighting element provides at least a second
non-lighting function, wherein the second non-lighting function comprises
transmitting signals representative of a condition sensed by the sensor.

A device of claim 60, further comprising altering the color or brightness of light
emitted by the lighting unit in response to a stimulus received by the sensor.

A device of claim 45, wherein the non-lighting function is an emitting function.
A device of claim 62, wherein the emitting function is selected from the group
consisting of a sound, an ultrasonic signal, a radio frequency éignal, a microwave
and an infrared signal.

A device of claim 45, the lighting element further having at least a second non-

lighting function selected from the group consisting of a communication function,
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a positioning function, a sensing function, an actuation function, an emitting
function and a networking function.

65. A device of claim 45, further comprising a second device having a lighting
function and a non-lighting function and further comprising a communication
pathway among at least two such devices.

66. A device of claim 65, wherein the communication pathway is selected from the
group consisting of a cable, a wire, a network, an optical pathway, a infrared
pathway, a radio pathway, a bluetooth connection, a telecommunications
connection, a wireless connection, an acoustic connection and a radio connection.

67. A method of providing multiple functions with a lighting device, comprising:
providing a platform,
disposing a first element on the platform, the first element having a lighting

function,
disposing a second element on the platform, the second element having a non-
lighting function, and
providing a processor for controlling the first, second and third elements, wherein
the processor generates a pulse-width-modulated signal to control the lighting
function.

68. A method of claim 67, wherein the lighting function is provided by LEDs.

69. A method of claim 67, further comprising: _
controlling the period of the pulse-width-modulated signal using a duty cycle

based on logic of exclusive or.

70. A method of claim 69, further comprising controlling the duty cycle to provide
the non-lighting function without visible effect on the lighting function.

71. A method of claim 67, wherein the lighting function is provided by LEDs.

72. A method of claim 67, wherein the non-lighting function is a communication
function.

73. A method of claim 72, wherein the communication function is selected from the
group consisting of network communications, telecdmmunications, infrared
communication, radio communication, acoustic communications, and digital

communications.
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74.

75.

76.

71.

78.

79.
80.

81.

82.

&3.

84.

A method of claim 73, wherein the communication function is provided
according to a protocol selected from the group consisting of a DMX protocol, an
internet protocol, TCP/IP and a wireless protocol.

A method of claim 67, wherein the non-lighting function positions the device.

A method of claim 75, wherein positioning the device comprises positioning the
device in response to a signal received by the processor.

A method of claim 76, further comprising a second non-lighting function,
wherein the second non-lighting function comprises a sensing function and
wherein positioning the device is in response to a sensed condition sensed by the
sensing function.

A method of claim 77, further comprising positioning the device in response to at
least one of a sound, a temperature, a detected image, a detected movement, and a
detected particle. '

A method of claim 67, wherein the non-lighting function is a sensing function.

A method of claim 79, wherein the sensing function is provided by an element
selected from the group consisting of a sensor, an IR detector, a camera, a motion
detector, a proximity detector, a photovoltaic sensor, a photoconductive sensor, a
photodiode, a phototransistor, a photoemissive sensor, a photoelectromagnetic
sensor, a microwave receiver, a UV sensor, a magnetic sensor, a magnetoresistive
sensor, an ozone sensor, a carbon monoxide sensor, a smoke detector, a position
sensor, a thermocouple, a thermistor, a radiation pyrometer, a radiation
thermometer, a fiber optic temperature sensor, a semiconductor temperature
sensor, and a resistance temperature detector.

A method of claim 79, wherein the sensing function is provided by a sensor that
is sensitive to at least one of a biological condition, a chemical condition, a
particulate, a vibration, humidity, concentration of a vapor, concentration of a
gas, an acoustic stimulus, a vibration and humidity.

A method of claim 79, further comprising providing a second non-lighting
function, wherein the second non-lighting function comprises transmitting signals
representative of a condition sensed by the sensor.

A method of claim 82, further comprising altering the color or brightness of light
emitted by the lighting unit in response to a stimulus received by the sensor.

A method of claim 67, wherein the non-lighting function is an emitting function.
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83.

86.

87.

88.

89.

A method of claim 83, wherein the emitting function is selected from the group
consisting of a sound, an ultrasonic signal, a radio frequency signal, a microwave
and an infrared signal.

A method of claim 67, further comprising providing at least a second non-
lighting function selected from the group consisting of a communication function,
a positioning function, a sensing function, an actuation function, an emitting
function and a networking function.

A method of claim 67, further comprising providing a second device having a
lighting function and a non-lighting function and providing a communication
pathway among at least two such devices.

A method of claim 87, wherein the communication pathway is selected from the
group consisting of a cable, a wire, a network, an optical pathway, a infrared
pathway, a radio pathway, a bluetooth connection, a telecommunications

connection, a wireless connection, an acoustic connection and a radio connection.

An illumination system, comprising:
an illumination element for illuminating a display,
a detector for detecting the proximity of a mobile device, and

a processor for altering the illumination of the display in response to the

proximity of the mobile device.

90.

91

92.

A system of claim 89, wherein the illumination element comprises a plurality of
light emitting diodes of at least two colors.

A system of claim 89, wherein the processor controls the illumination using a
pulse-width-modulated signal having a duty cycle controlled by logic of
exclusive or.

A method of providing illumination, comprising:

providing an illumination element for illuminating a display,

providing a detector for detecting the proximity of a mobile device, and

providing a processor for altering the illumination of the display in response to

the proximity of the mobile device.

93.
94.

A method of claim 92, wherein the lighting function is provided by LEDs.
A method of claim 92, further comprising controlling the period of the pulse-
width-modulated signal using a duty cycle based on logic of exclusive or.
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95. A method of claim 94, further comprising providing a non-lighting function,
wherein the duty cycle is controlled to provide a second non-lighting function

without visible effect on the lighting function.

96. A multifunctional device, comprising:

a platform, |

a first element disposed on the platform, the first element having a lighting function,

a second element disposed on the platform, the second element having a non-lighting

function,

a third element disposed on the platform, the third element having a non-lighting

function different from the function of the second element, and

at least one processor for controlling the first, second and third elements.

97. A device of claim 96, wherein the lighting function is provided by LEDs.

98. A device of claim 96, wherein the period of the pulse-width-modulated signal is
controlled using a duty cycle based on logic of exclusive or.

99. A device of claim 96, wherein the duty cycle is controlled to provide the non-
lighting functions without visible effect on the lighting function.

100. A device of claim 99, wherein the lighting function is provided by LEDs.

101. A device of claim 96, wherein at least one of the non-lighting functions is
a communication function.

102. A device of claim 101, wherein the communication function is selected
from the group consisting of network communications, telecommunications,
infrared communication, radio communication, acoustic communications, and
digital communications.

103. A device of claim 101, wherein the communication function is provided
according to a protocol selected from the group consisting of a DMX protocol, an
internet protocol, TCP/IP and a wireless protocol.

104. A device of claim 96, wherein at least one of the non-lighting functions
positions the device.

105. A device of claim 104, wherein positioning the device comprises

positioning the device in response to a signal received by the processor.
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106. A device of claim 104, wherein the second non-lighting function
comprises a sensing function and wherein positioning the device is in response to
a sensed condition sensed by the sensing function.

107. A device of claim 106, wherein the device is positioned in response to at
least one of a sound, a temperature, a detected image, a detected movement, and a
detected particle.

108. A device of claim 96, wherein at least one of the non-lighting functions is
a sensing function.

109. - A device of claim 108, wherein the sensing function is provided by an
element selected from the group consisting of a sensor, an IR detector, a camera,
a motion detector, a proximity detector, a photovoltaic sensor, a photoconductive
sensor, a photodiode, a phototransistor, a photoemissive sensor, a
photoelectromagnetic sensor, a microwave receiver, a UV sensor, a magnetic
sensor, a magnetoresistive sensor, an ozone sensor, a carbon monoxide sensor, a
smoke detector, a position sensor, a thermocouple, a thermistor, a radiation
pyrometer, a radiation thermometer, a fiber optic temperature sensor, a
semiconductor temperature sensor, and a resistance temperature detector.

110. A device of claim 108, wherein the sensing function is provided by a
sensor that is sensitive to at least one of a biological condition, a chemical
condition, a particulate, a vibration, humidity, a concentration of a vapor, a
concentration of a gas, and an acoustic stimulus.

111. A device of claim 96, wherein the second non-lighting function comprises
transmitting signals representative of a condition sensed by the sensor.

112. A device of claim 111, wherein the non-lighting function comprises
altering the color or brightness of light emitted by the lighting unit in response to
a stimulus received by the sensor.

113. A device of claim 96, where-in at least one of the non-lighting functions is
an emitting function.

114. A device of claim 113, wherein the emitting function is selected from the
group consisting of a sound, an ultrasonic signal, a radio frequency signal, a
microwave and an infrared signal.

115. A device of claim 96, wherein the second non-lighting function is selected
from the group consisting of a communication function, a positioning function, a
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sensing function, an actuation function, an emitting function and a networking
function. ‘

116. A device of claim 96, further comprising a second device having a
lighting function and a non-lighting function and a communication pathway
among at least two such devices.

117. A device of claim 116, wherein the communication pathway is selected
from the group consisting of a cable, a wire, a network, an optical pathway, a
infrared pathway, a radio pathway, a bluetooth connection, a telecommunications

connection, a wireless connection, an acoustic connection and a radio connection.

118. A method of providing a multifunctional device, comprising:

providing a platform,

providing first element disposed on the platform, the first element having a lighting

function,

providing a second element disposed on the platform, the second element having a

non-lighting function,

providing a third element disposed on the platform, the third element having a non-

lighting function different from the function of the second element, and

providing at least one processor for controlling the first, second and third elements.

119. A method of claim 118, wherein the lighting function is provided by
LEDs.

120. A method of claim 118, further comprising:
controlling the period of the pulse-width-modulated signal using a duty cycle

based on logic of exclusive or.

121. A method of claim 120, further comprising controlling the duty cycle to
provide the non-lighting function without visible effect on the lighting function.

122 A method of claim 121, wherein the lighting function is provided by
LEDs.

123. A method of claim 118, wherein at least one non—lighting function is a
communication function.

124. A method of claim 123, wherein the communication function is selected

from the group consisting of network communications, telecommunications,
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infrared communication, radio communication, acoustic communications, and
digital communications.

125. ‘A method of claim 124, wherein the communication function is provided
according to a protocol selected from the group consisting of a DMX protocol, an
internet protocol, TCP/IP and a wireless protocol.

126. A method of claim 123, wherein at least one non-lighting function
positions the device.

127. A method of claim 126, wherein positioning the device comprises
positioning the device in response to a signal received by the processor.

128. A method of claim 127, wherein the second non-lighting function
comprises a sensing function and wherein positioning the device is in response to
a sensed condition sensed by the sensing function.

129. A method of claim 128, further comprising positioning the device in
response to at least one of a sound, a temperature, a detected image, a detected

movement, and a detected particle.

130. A method of claim 118, wherein the non-lighting function is a sensing
function.
131. A method of claim 130, wherein the sensing function is provided by an

element selected from the group consisting of a sensor, an IR detector, a camera,
a motion detector, a proximity detector, a photovoltaic sensor, a photoconductive
sensor, a photodiode, a phototransistor, a photoemissive sensor, a
photoelectromagnetic sensor, a microwave receiver, a UV sensor, a magnetic
sensor, a magnetoresistive sensor, an ozone sensor, a carbon monoxide sensor, a
.smoke detector, a position sensor, a thermocouple, a thermistor, a radiation
pyrometer, a radiation thermometer, a fiber optic temperature sensor, a
semiconductor temperature sensor, and a resistance temperature detector.

132. A method of claim 121, wherein the sensing function is provided by a
sensor that is sensitive to at least one of a biological condition, a chemical
condition, a particulate, a vibration, humidity, concentration of a vapor,
concentration of a gas, an acoustic stimulus, a vibration and humidity.

133. A method of claim 131, wherein the second non-lighting function
provided by the third element comprises transmitting signals representative of a
condition sensed by the sensor.

62



10

15

20

25

30

WO 02/25842 PCT/US01/29283

134, A method of claim 133, further comprising altering the color or brightness
of light emitted by the lighting unit in response to a stimulus received by the

SC11SOT.

135, A method of claim 118, wherein the non-lighting function is an emitting

function.

136. A method of claim 136, wherein the emitting function is selected from the
group consisting of a sound, an ultrasonic signal, a radio frequency signal, a
microwave and an infrared signal.

137. A method of claim 118, wherein the second non-lighting function is
selected from the group consisting of a communication function, a positioning
function, a sensing function, an actuation function, an emitting function and a
networking function.

138. A method of claim 118, further comprising providing a second device
having a lighting function and a non-lighting function and providing a
communication pathway among at least two such devices.

139. A method of claim 138, wherein the communication pathway is selected
from the group consisting of a cable, a wire, a network, an optical pathway, a
infrared pathway, a radio pathway, a bluetooth connection, a telecommunications

connection, a wireless connection, an acoustic connection and a radio connection.

140. A method of targeted illumination, comprising:
providing a retail environment;
lighting the retail environment with a lighting system, the lighting system
including a lighting element and a microprocessor;
sensing a condition of the retail environment; and
adjusting the lighting of the retail environment to reflect the sensed condition.

141. A method of claim 140, wherein the sensed condition is the proximity of a
customer to a retail item and wherein the lighting condition is adjusted to provide
increased illumination to the retail item. 7

142. A method of claim 140, wherein the sensed condition is the entry of a
customer into the front of a store, and wherein the lighting condition is adjusted
to encourage entry of the customer further into the store.

143. A method of claim 141, wherein the lighting condition is a rainbow effect.
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