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ABSTRACT

An LED light and communication system in communication
with a broadband over power line communications system.
The LED light and communication system includes at least
one optical transceiver. The optical transceiver includes a
light Support having a plurality of light emitting diodes and at
least one photodetector attached thereto, and a processor. The
processor is in communication with the light emitting diodes
and the at least one photodetector. The processor is con
structed and arranged to generate a communication signal.
The at least one optical transceiver is engaged to a clock, and
the clock is in communication with the broadband overpower
line communications system.
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LED LIGHT INTERIOR ROOMAND
BUILDING COMMUNICATION SYSTEM
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. This application claims priority to provisional
patent application No. 60/931,611, filed May 24, 2007, the
disclosure of which is expressly incorporated herein by ref
CCC.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

0002. Not Applicable
FIELD OF THE INVENTION

0003. This invention pertains generally to the field of
building communications, and more particularly to improve
communications apparatus providing enhanced electrical
communications signaling and control systems using existing
intrastructure.
BACKGROUND OF THE INVENTION

0004 Present communication techniques using wireless
communication including radiofrequency transmissions raise
security concerns because transmissions using RF can be
easily intercepted, in part because of the fact that RF signals
are designed to radiate signals in all directions. Second, radio
frequency transmissions may be regulated by the Federal
Communications Commission (FCC) which may control the
frequencies that may be used for RF transmission. Third, RF
by its very nature is Susceptible to interference and produces
noise.

0005. In contrast to RF communications, light sources
used for communication are extremely secure due to the fact
that they are focused within a narrow beam, requiring placing
equipment within the beam itself for interception. Also,
because the visible spectrum is not regulated by the FCC,
light sources can be used for communications purposes with
out the need of a license. And, light sources are not suscep
tible to interference nor do they produce noise that can inter
fere with other devices.

0006 Light emitting diodes (LEDs) can be used as light
sources for data transmission, as described in U.S. Pat. Nos.

6,879.263 and 7.046,160, the entire contents of each being
expressly incorporated herein by reference. LEDs have many
advantages over conventional light sources, such as incandes
cent and fluorescent lighting, for example. One important
advantage is their quick response to “ON” and “OFF' signals,
as compared to the longer warm-up and response times asso
ciated with fluorescent lighting, for example. Another impor
tant advantage is their efficiency in producing light, as mea
sured in lumens per watt. Recent developments in LED
technology, such as high brightness blue LEDs, which in turn
paved the way for white LEDs, have made LEDs a practical
alternative to conventional light sources. As such, LED tech
nology provides a practical opportunity to combine lighting
and communication. This combination of lighting and com
munication allows ubiquitous light Sources such as Street
lights, home lighting, and office building lighting, for
example, to be converted to, or supplemented with, LED
technology to provide for communications while simulta
neously producing light for illumination purposes.
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0007 Regarding office buildings, building management is
a complex science which incorporates and governs all facets
of human, mechanical and structural systems associated with
buildings. As a result of the complexity, most commercial
buildings are managed by commercial property management
companies with great expertise. Both at the time of construc
tion and throughout the life-cycle of a building, the interrela
tionships between people and the mechanical and structural
systems are most desirably evaluated. Where possible and
cost-effective, human interactions with a building and asso
ciated mechanical systems will be optimized, in turn provid
ing the greatest benefit to both the owners and those who use
the facilities afforded by the building. Noteworthy is the fact
that building users may include both regular occupants such
as individual or commercial tenants, and also transient occu

pants such as visitors, guests, or commercial customers.
0008 Building management includes diverse facets, some
which are simply representations of the building and associ
ated systems and people, and other facets which are tangible.
Exemplary of representations are accounting or financial
monitoring responsibilities which will including recordkeep
ing control and assurance of financial transactions involving
tenants, owners, and service providers. Exemplary of the
physical or tangible responsibilities are physical develop
ment and maintenance, including identification of need for
features, improvements, maintenance and the assurance of
the execution of the same. As is well understood by those
highly versed in building management, the diverse responsi
bilities and extent of information required to manage a build
ing is often quite overwhelming.
0009. One very important area associated with building
management is lighting or illumination. While often per
ceived as a simple task of providing lights, this seemingly
simple task has much research and Science behind a well
designed lighting system. This is because safety, productivity
and general well-being of occupants depend heavily on
proper lighting.
0010 Many factors need considered at the time of con
struction or remodeling to facilitate proper lighting design.
Intended usage of a space is important in illumination design
consideration, since this will dictate necessary illumination
levels, times and duration of use, and anticipated cycling of
the illumination. In other words, a supply closet will not
ordinarily be designed for around-the-clock illumination, and
may instead by configured to operate on a Switch, or alterna
tively a motion detector with relatively short-delay turn-off
when no motion is detected. The use of appropriate Switches
and motion detectors helps to reduce the energy required for
a building to function with occupants, and simultaneously
increases the life of many illumination components such as
light sources (light bulbs and equivalents thereto) since the
light sources are only required intermittently. As another
example, a room where movies, slides, computer or other
visual or audio-visual presentations are given, such as a
boardroom or classroom, will preferably have light controls
Such as separate Switches or Switches and dimmer controls
which enable the entire room to be well lit or alternatively
maintain a minimum level of illumination normally opposite
to where the presentation is displayed. This minimum level of
illumination enables occupants Sufficient light for note-tak
ing, safe movement and other important activities, without
interfering with the legibility of a presentation. In yet another
example, a primary work-space Such as a desk or kitchen
counter will require illumination that does not cast shadows
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on the work space while work is being performed. Comple
mentary illumination, such as windows or skylights, is also
important in design consideration.
0011. Nearly all public buildings rely on a great many
lamps positioned throughout the interior of the building, Such
as along hall corridors and in each room, and also about the
exterior. These lights have historically been activated manu
ally, though more recently a small but growing number are
activated according to occupancy, proximity or motion sen
sors, typically incorporating the well-known Infra-Red (IR)
motion sensors. Architects are commonly employed to assist
not only with a floorplan of physical spaces, but also with the
proper selection and layout of lighting to best complement the
floor plan and usage of each space within a building. As may
be appreciated, illumination of a space is determined at the
time of production of blueprints, in anticipation of construc
tion. The illumination that has been chosen for a space is
essentially fixed during building construction. Changes may
be made later, but not without substantial additional expense
that will, for exemplary purposes, often include removal of
parts of or entire walls, with the accompanying disruption of
the space. Often the space is unavailable for use during the
entire duration of a remodeling project.
0012. Further complicating the issue of illumination is the
type of lightbulb that may be most appropriate for a space or
location. Original electric light bulbs were incandescent.
With sufficient electrical energy, which is converted to heat
within an incandescent bulb filament, the filament will emit

visible light. This is similar to a fire, where with enough heat,
visible light is produced. As might also be appreciated
though, incandescent bulbs produce far more heat than light.
The color of the light from these bulbs is also most commonly
quite yellow, casting a warm hue at a color temperature typi
cally in the vicinity of 3,000 degrees Kelvin. Warm hues are
often prized in relaxed settings such as those of a living room
or dining room, more closely resembling gentle candle light.
However, in contrast thereto, work and study environments
are more preferably illuminated with light of more blue con
tent, more closely resembling daylight with color tempera
tures of approximately 6,000 degrees Kelvin. Daylight color
temperatures are not practically obtained using an incandes
cent bulb. In addition, these incandescent bulbs have only a
few thousand hour life expectancy, even with more than a
century of improvements, because the extreme temperatures
required for the filament to light also gradually evaporates the
filament material. Finally, the thermal mass of the filament
greatly influences how quickly the filament both illuminates
and extinguishes. In spite of the many limitations, incandes
cent bulbs are still in fairly wide-spread use today.
0013 An alternative to incandescent light bulbs in com
mon use today is the fluorescent bulb. A fluorescent lightbulb
uses a Small amount of mercury in vapor state. High Voltage
electricity is applied to the mercury gas, causing the gas to
ionize and generate some visible light, but primarily Ultra
Violet (UV) light. UV light is harmful to humans, being the
component that causes Sunburns, so the UV component of the
light must be converted into visible light. The inside of a
fluorescent tube is coated with a phosphorescent material,
which when exposed to ultraviolet light glows in the visible
spectrum. This is similar to many glow-in-the-dark toys and
other devices that incorporate phosphorescent materials. As a
result, the illumination from a fluorescent light will continue
for a significant time, even after electrical power is discon
tinued, which for the purposes of the present disclosure will
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be understood to be the latent period or latency between the
change in power status and response by the phosphor. As the
efficiencies and brightness of the phosphors has improved, so
in many instances have the delays in illumination and extin
guishing, or latency, increased. Through the selection of ones
ofmany different modern phosphorescent coatings at the time
of manufacture, fluorescent bulbs may manufactured that
produce light from different parts of the spectrum, resulting in
manufacturing control of the color temperature, or hue or
warmness of a bulb.

0014. The use of fluorescent bulbs, even though quite
widespread, is controversial for several reasons. One source
states that all pre-1979 light ballasts emit highly toxic Poly
chlorinated BiPhenyls (PCBs). Even if modern ballasts are
used, fluorescent bulbs also contain a small but finite amount

of mercury. Even very small amounts of mercury are suffi
cient to contaminate a property. Consequently, both the
manufacture and disposal of mercury-containing fluorescent
tubes is hazardous. Fluorescent lighting has also been alleged
to cause chemical reactions in the brain and body that produce
fatigue, depression, immuno-Suppression, and reduced
metabolism. Further, while the phosphor materials may be
selected to provide hue or color control, this hue is fixed at the
time of manufacture, and so is not easily changed to meet
changing or differing needs for a given building space.
0015. Other gaseous discharge bulbs such as halide, mer
cury or sodium vapor lamps have also been devised. Halide,
mercury and sodium vapor lamps operate at higher tempera
tures and pressures, and so present undesirably greater fire
hazards. In addition, these bulbs present a possibility of expo
sure to harmful radiation from undetected ruptured outer
bulbs. Furthermore, mercury and sodium vapor lamps gener
ally have very poor color-rendition-indices, meaning the light
rendered by these bulbs is quite different from ordinary day
light, distorting human color perception. Yet another set of
disadvantages has to do with the starting or lighting of these
types of bulbs. Mercury and sodium vapor lamps both exhibit
extremely slow starting times, often measured by many min
utes. The in-rush currents during starting are also commonly
large. Many of the prior art bulbs additionally produce sig
nificant and detrimental noise pollution, commonly in the
form of a hum or buzz at the frequency of the power line
alternating current. In some cases, such as fluorescent lights,
ballasts change dimension due to magnetostrictive forces.
Magnetic field leakage from the ballast may undesirably
couple to adjacent conductive or ferromagnetic materials,
resulting in magnetic forces as well. Both types of forces will
generate undesirable Sound. Additionally, in some cases a less
optimal bulb may also produce a buzzing sound.
0016. When common light bulbs are incorporated into
public and private facilities, the limitations of prior art bulb
technologies often will adversely impact building occupants.
As just one example, in one School the use of full-spectrum
lamps in eight experimental classrooms decreased anxiety,
depression, and inattention in students with SAD (Seasonal
Affective Disorder). The connection between lighting and
learning has been conclusively established by numerous addi
tional studies. Mark Schneider, with the National Clearing
house for Educational Facilities, declares that ability to per
form requires "clean air, good light, and a quiet, comfortable,
and safe learning environment.” Unfortunately, the flaws in
much of the existing lighting have been made worse as build
ings have become bigger. The foregoing references to Schools
will be understood to be generally applicable to commercial
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and manufacturing environments as well, making even the
selection of types of lights and color-rendition-indexes very
important, again depending upon the intended use for a space.
Once again, this selection will be fixed, either at the time of
construction when a particular lighting fixture is installed, or
at the time of bulb installation, either in a new fixture or with

bulb replacements.
0017. A second very important area associated with build
ing management is energy management. The concern for
energy management is driven by the expense associated with
energy consumed over the life of a building. Energy manage
ment is quite challenging to design into a building, because
many human variables come into play within different areas
within a building structure. Considering the foregoing discus
sion of lighting, different occupants will have different pref
erences and habits. Some occupants may regularly forget to
turn off lights when a space is no longer being occupied,
thereby wasting electricity and diminishing the useful life of
the lightbulbs. In another instance, one occupant may require
full illumination for that occupant to operate efficiently or
safely within a space, while a second occupant might only
require a small amount or local area of illumination. Further
complicating the matter of energy management is the fact that
many commercial establishments may have rates based upon
peak usage. A business with a large number of lights that are
controlled with a common Switch may have peak demands
large relative to total consumption of power, simply due to the
relatively large amount of power that will rush in to the
circuit. Breaking the circuit into several Switches may not
adequately address inrush current, since a user may switch
more than one Switch at a time, such as by sliding a hand
across several Switches at once. Additionally, during momen
tary or short-term power outages, the start-up of electrical
devices by the power company is known to cause many prob
lems, sometimes harming either customer equipment or
power company devices. Control over inrush current is there
fore very desirable, and not economically viable in the prior
art

00.18 Energy management also includes consideration for
differences in temperature preferred by different occupants or
for different activities. For exemplary purposes, an occupant
of a first office space within a building may prefer a tempera
ture close to 68 degrees Fahrenheit, while a different occupant
in a second office space may prefer a temperature close to 78
degrees Fahrenheit. The first and second office spaces may
even be the same office space, just at different times of day.
For exemplary purposes, an employee working in a mail room
from 8 a.m. until 4 p.m. may be replaced by a different mail
room employee who works from 4 p.m. until 12 a.m. Heating,
Ventilation, and Air Conditioning (HVAC) demand or need is
dependent not only upon the desired temperature for a par
ticular occupant, but also upon the number of occupants
within a relatively limited space. In other words, a small room
with many people will require more ventilation and less heat
ing than that same room with only one occupant.
0019. With careful facility design, considerable electrical
and thermal energy can be saved. Proper management of
electrical resources affects every industry, including both ten
ants and building owners. In the prior art, this facility design
has been limited to selection of very simple or basic switches,
motion detectors, and thermostats, and particular lights, all
fixed at the time of design, construction or installation.
0020. A third very important area associated with building
management is security. Continuing to use a school as but one
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example of a public building, a one-room country School fifty
years ago was made up of one teacher who knew well the
Small number of pupils. Security consisted of a simple pad
lock on a wooden door. The several windows on one side of

the room provided light. They were locked but almost never
broken into, for nothing of major value, even during the
Depression, enticed potential thieves.
0021 Architecture changed as the years passed. Buildings
were enlarged as School populations increased. Students
started to conceal books, outerwear, valuables, and occasion

ally even weapons in enclosed lockers. Indoor lighting was
required. Eventually as Society became more hazardous,
security had to be provided in many schools in the form of
personnel who were required to patrol both outside and inside
Schools in order to provide a measure of safety.
0022. In many public buildings, including Schools, mod
ern security presently screens a building's occupants to
ensure that they belong or have proper authorization to enter
the building. Security must also check for weapons, drugs,
and even explosives. Thus, modern security personnel are
often responsible for property as well as people. As the types
of potential perils increase, so does the need for personnel, to
process occupants through more and more stations. For
exemplary purposes, in Schools, airports, court houses, and
other public facilities, one or more guards may check identi
fication, admission badges or paperwork, while one or more
other guards monitor metal detectors. One or more additional
guards may be monitoring drug Sniffing dogs or equipment,
or spot checking bags. Unfortunately, the possibilities of
duplication and/or forgery of credentials, or of hostile powers
infiltrating security, or other criminal methods demonstrate
the potential weaknesses of the present system, which
depends upon a large number of security employees. Motion
sensors and other prior art electronic security measures, while
often beneficial, occasionally fail even when used in combi
nation with security personnel to provide adequate protec
tion. On the outside of a building, motion sensors may be
activated by strong winds, stray animals, passing vehicles, or
blowing debris. Inside, they operate only for a specific time;
a room's occupant, if not moving about, may suddenly be in
the dark and must re-activate the light by waving or flailing
about.

0023. An increasingly complex, and therefore hazardous,
Society requires increasingly extensive patrols and safe
guards. Current security system, which must rely on increas
ing the numbers of guards and security devices, are subject to
inherent defects and extraordinary expense, generally render
ing them inadequate even with the best of intention.
0024 Yet another very important area associated with
building management is guidance control and indication,
which impacts building security, as well as building conve
nience and efficiency for occupants. In buildings having
many alternative hallways or paths, such as are commonly
found in hospitals and other large public facilities, directions
are often clumsy and difficult for visitors or emergency per
sonnel to follow. Old-fashioned directories may be hard to
locate or decipher, especially for non-English speakers or for
persons with little or no time, again Such as emergency per
Sonnel. Consequently, Some buildings provide color stripes
along walls that serve as color coding to guide visitors to
various areas within the building. Unfortunately, the number
of color stripes that may be patterned is quite limited, and the
expense and defacing of appearance associated therewith is
undesirable. Furthermore, such striping does not completely
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alleviate confusion, and the color stripes can only serve as
general guides to commonly visited areas.
0025. In addition to their numerous uses with building
management, LEDs can be used in networking applications.
In any network, a variety of client devices will communicate
with one or more host devices. The host may provide connec
tion to a Local Area Network (LAN), sometimes referred to as
an Intranet, owing to the common use of Such a network
entirely within an office space, building, or business. The host
may additionally or alternatively provide connection to a
Wide Area Network (WAN), commonly describing a network
coupling widely separated physical locations which are con
nected together through any suitable connection, including
for exemplary purposes but not solely limited thereto such
means as fiber optic links, T1 lines, Radio Frequency (RF)
links including cellular telecommunications links, satellite
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the communications channel, a variety of client connection
devices are utilized such as PCMCIA or PC cards, serial

ports, parallel ports, SIMM cards, USB connectors, Ethernet
cards or connectors, firewire interfaces, Bluetooth compat
ible devices, infrared/IrDA devices, and other known or simi

lar components.
0029. The security of these prior art wireless devices can
be compromised in that they are vulnerable to unauthorized
access or interception, and the interception may be from a
significant distance, extending often well beyond physical
building and property boundaries. Moreover, reliability can
be hindered by interference from an appliance Such as a
microwave oven.

Generally, where more public means Such as the Internet are
used, secured access will commonly separate the WAN from
general Internet traffic. The host may further provide access

0030 Buildings can encompass a very large number of
rooms or discrete spaces, each functioning relatively inde
pendently from each other. Where the rooms or discrete
spaces together form a larger entity Such as a business, public
institution or facility, or the like, which have attempted to
include synchronized time keeping throughout the entity. A
large number of buildings, both public and private, have syn

to the Internet.

chronized clocks installed therein.

0026. A variety of client devices have heretofore been
enabled to connect to host devices. Such client devices may
commonly include computing devices of all sorts, ranging
from hand-held devices such as Personal Digital Assistants
(PDAs) to massive mainframe computers, and including Per
sonal Computers (PCs). However, over time many more

0031. These same buildings also have a number of addi
tional features including, for exemplary purposes though not
limited thereto, fire and Smoke detection, temperature con
trol, and public address. Because of the ever-changing nature
ofa building and the best practices associated therewith, it can
be quite difficult if not impossible to keep all areas within a
building up to date with best practices or preferred capabili
ties. One method of desirable features or capabilities within a
building space is through the use of electrical wiring adequate
to accommodate the features or capabilities, particularly
when the features or capabilities are identified subsequent to
original construction.
0032 For exemplary purposes, a building may accommo
date very different numbers of occupants at different times
within a relatively enclosed space. Such as a meeting or class
room. The number of occupants is knownto significantly alter
the temperature and associated need for HVAC control. Fur

connections, DSL connections, or even Internet connections.

devices have been enabled for connection to network hosts,

including for exemplary purposes printers, network Storage
devices, cameras, other security and safety devices, appli
ances, HVAC systems, manufacturing machinery, and so
forth. Essentially, any device which incorporates or can be
made to incorporate Sufficient electronic circuitry may be so
linked as a client to a host.

0027. Existing client devices are designed to connect to
host network access points through wired connections, like
copper wire, for example, fiber optic connections, or as wire
less connections, such as wireless routers. In the case of a

wired system, whether through simple wire, twisted wire,
co-axial cable, fiber optics or other line or link, the host and
client are tethered together through this physical communi
cations channel. The tether, as may be appreciated, limits
movement of the client relative to the host, is often unsightly
and hard to contain in a workspace, and so may even be or
become a tripping hazard. In addition, electrical connectors
Such as jacks must be provided, and these connectors neces
sarily limit the number of access points and locations. The
installation of connectors defaces walls, sometimes rendering
them unsuitable for a particular desired application, and yet
they add undesirable installation expense, whether during
new construction or in retrofitting an existing building struc
ture

0028. In contrast, in the case of wireless routers, an RF
signal replaces the physical communications channel with a
radio channel. This advantageously eliminates the wire or
fiber tether between client and host. Instead, client devices in

a wireless system try through various broadcasts and signal
receptions to find an access point that will have adequate
transmission and reception, generally within a certain signal
range which may range from a few meters to as many as
several tens of meters. The systems are programmed to bridge
from a host access point to various client devices through
known exchanges of information, commonly described as
communications protocols or handshakes. Depending upon

thermore, other factors, such as weather conditions and Sun

light or lack thereof through windows in a room may have as
much or greater effect on the need for HVAC control. How
ever, many older buildings were only provided with a single
central thermostat, providing the same amount of heating or
air conditioning to a room or other space regardless of
demand for the same. Newer HVAC systems enable control,
through electrically controlled dampers or vents within the
HVAC system to much more precisely respond to the needs of
a single space or room within a building. However, without
providing wiring within the room to accommodate the ther
mostat and various duct controls, the room may not be indi
vidually controlled.
0033 Even where a building is originally provided with
appropriate wiring for each electrical system or component
desired, necessary remodeling may critically alter the need.
As one example, consider when a room or space is Subdivided
into two smaller spaces. Existing wiring only provides for
electrical connection to one set of devices for one room. In

this case, it may be necessary to run new wires back to one or
more central locations, utility rooms, or the like to accommo
date the new room and devices within the room.

0034 More buildings are incorporating wireless networks
within the building, the networks which are intended to
reduce the need for wiring alterations and additions practiced
heretofore. However, these wireless networks are not con
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tained within the walls of a building, and so they are subject
to a number of limitations. One of these is the lack of specific
localization of a signal and device. For exemplary purposes,
even a weak Radio-Frequency (RF) transceiver, in order to
communicate reliably with all devices within a room, will
have a signal pattern that will undoubtedly cross into adjacent
rooms. If only one room or space in a building is to be
covered, this signal overlap is without consequence. How
ever, when many rooms are to be covered by different trans
ceivers, signal overlap between transceivers requires more
complex communications systems, including incorporating
techniques such as access control and device selection based
upon identification. Since the radio signal is invisible, detec
tion of radiant pattern and signal strength are difficult and
require special instruments. Further, detection of interference
is quite difficult. Finally, such systems are Subject to outside
tapping and corruption, since containment of the signal is
practically impossible for most buildings.
0035. The art referred to and/or described above is not
intended to constitute an admission that any patent, publica
tion or other information referred to herein is “prior art” with
respect to this invention. In addition, this section should not
be construed to mean that a search has been made or that no

other pertinent information as defined in 37 C.F.R.S 1.56(a)
exists.

0036 All U.S. patents and applications and all other pub
lished documents mentioned anywhere in this application are
incorporated herein by reference in their entirety.
0037. Without limiting the scope of the invention, a brief
summary of some of the claimed embodiments of the inven
tion is set forth below. Additional details of the summarized
embodiments of the invention and/or additional embodi

ments of the invention may be found in the Detailed Descrip
tion of the Invention below.

0038 A brief abstract of the technical disclosure in the
specification is provided for the purposes of complying with
37 C.F.R.S 1.72.

General Description of the Invention
0039. According to the invention, there is provided a light
emitting diode (LED) signal light and systematic information
transfer through encrypted pulsed light (hereinafter SIT
TEL) communication system which may be depicted in sev
eral embodiments. Any reference to a SIT-TEL communica
tion herein is perceived to be equivalent to, and/or the same as,
a general reference to pulsed light communication. In gen
eral, the signal light and SIT-TEL pulsed light communica
tion system may be formed of a single row, single source, or
an array of light emitting diode light sources configured on a
light Support and in electrical communication with a control
ler and a power Supply, battery, or other electrical source. The
signal light and SIT-TEL pulsed light communication system
may provide various light signals, colored light signals, or
combination or patterns of light signals for use in association
with the communication of information. These light signals
may also be encoded. Additionally, the signal light and SIT
TEL pulsed light communication system may be capable of
displaying symbols, characters, or arrows. Rotating and oscil
lating light signals may be produced by sequentially illumi
nating columns of LEDs on a stationary light Support in
combination with the provision of variable light intensity
from the controller. However, the signal light and SIT-TEL
pulsed light communication system may also be rotated or
oscillated via mechanical means. The signal light and SIT
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TEL pulsed light communication system may also be easily
transportable and may be conveniently connected to a stand
Such as a tripod for electrical coupling to a power Supply,
battery, or other electrical source as a remote stand-alone
signaling or communication device.
0040. The signal light and SIT-TEL pulsed light commu
nication system may be electrically coupled to a controller
used to modulate, pulse, or encode, the light generated from
the light Sources to provide for various patterns or types of
illumination to transmit messages.
0041 Individual light supports as a portion of the SIT-TEL
communication system may be positioned adjacent to, and/or
be in electrical communication with another light Support,
through the use of Suitable electrical connections. Alterna
tively, individual light Supports may be in communication
with each other exclusively through the transmission and
receipt of pulsed light signals.
0042 A plurality of light supports or solitary light sources
may be electrically coupled in either a parallel or series man
ner to a controller. The controller is also preferably in elec
trical communication with the power supply and the LEDs, to
regulate or modulate the light intensity for the LED light
sources. The individual LEDs and/or arrays of LEDs may be
used for transmission of communication packets formed of
light signals.
0043. The controller for the LED light support may gen
erate and/or recognize pulsed light signals used to communi
cate information. The LED light system may also include a
receptor coupled to the controller, where the receptor is con
structed and arranged for receipt of pulsed LED light signals
for conversion to digital information, and for transfer of the
digital information to the controller for analysis and interpre
tation. The controller may then issue a light signal or other
communication signal to an individual to communicate the
content of received information transmitted via a pulsed LED
light carrier.
0044 Some embodiments of the present invention utilize
an existing master clock that regulates or synchronizes addi
tional slave clocks within a building. Because all of the clocks
in the system operate on a dedicated network, the master
clock is already connected to all of the rooms or spaces within
the building having slave clocks. The present invention
couples through the synchronization wire to each room or
space. Communications are achieved that connect all rooms
in a building that have these master and slave clocks, without
changing wiring. Also since these synchronized clocks have
dedicated electrical wiring for the synchronization signal that
is separated from the AC power wiring, the synchronization
wire is not subject to Such severe interference as might be
found on the building's AC power wiring.
0045. In some embodiments of the present invention a
clock with an optical transceiver delivers network access by
way of LED transceivers. Since in many buildings clock
systems with Synchronization wiring is already in place, there
is no need to install additional expensive and inconvenient
wiring.
0046. In some embodiments of the present invention a
clock with an optical transceiver is integrated into systems,
such as security, safety, HVAC and other diverse functions. In
Some embodiments of the present invention a clock with an
optical transceiver provides for several types of communica
tions with a room and electrical devices therein, including
audible, visual and optical LED communications. In some
embodiments of the present invention a clock with an optical
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transceiver improves security, because light does not go
through walls, in contrast to radio communications, and steps
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ter and slave synchronized clocks such as illustrated by FIG.
8, but with only one slave clock illustrated therein.

can be taken to obstruct visible transmissions with a much

greater certainty than with radio waves. In some embodi
ments of the present invention a clock with an optical trans
ceiver limits or directs visible light by known optical compo
nents such as lenses and reflectors to selectively narrow the
radiant transmission energy, as opposed to omni-directional
transmissions. In some embodiments of the present invention
a clock with an optical transceiver reduces interference with
existing communication systems like those that are common
today. In some embodiments of the present invention a clock
with an optical transceiver facilitates and simplifies set-up,
testing, troubleshooting and the like with respect to various
facility systems. In some embodiments of the present inven
tion a clock with an optical transceiver generates relatively
high energy outputs using the preferred visible light commu
nications channel, since the human eye is adapted and well
protected against damage from visible light. In contrast,
many invisible transmission techniques such as Ultraviolet
(UV) or Infra-Red (IR) systems have much potential for
harm.

0047. These and other embodiments which characterize
the invention are pointed out with particularity in the claims
annexed hereto and forming a part hereof However, for fur
ther understanding of the invention, its advantages and objec
tives obtained by its use, reference should be made to the
drawings which form a further part hereof and the accompa
nying descriptive matter, in which there is illustrated and
described embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

0048 FIG. 1 is a block diagram of one embodiment of the
Communication System.
0049 FIG. 2 is a front view of an alternative embodiment
of the Communication System.
0050 FIG. 3 is a front view of an alternative embodiment
of the Communication System.
0051 FIG. 4 is an environmental view of an alternative
embodiment of the Communication System.
0052 FIG. 5 is an environmental and block diagram view
of an alternative embodiment of the Communication System.
0053 FIG. 6 illustrates by isometric projected view a first
embodiment of a slave clock combined with optical transmit
ter and receiver in accord with the teachings of the present
invention.

0054 FIG. 7 illustrates by isometric projected view a sec
ond embodiment of a slave clock combined with optical
transmitter and receiver in accord with the teachings of the
present invention.
0055 FIG. 8 illustrates by projected environmental view
an embodiment of a communications network incorporating
master and slave synchronized clocks.
0056 FIG. 9 illustrates by front environmental view an
embodiment of a building communication and management
system within one room or space, using a single slave clock to
communicate with a variety of diverse devices through opti
cal LED communication channels.

0057 FIG. 10 illustrates by block diagram an electrical
schematic of a communications network incorporating mas

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

0.058 While this invention may be embodied in many
different forms, there are described in detail herein specific
preferred embodiments of the invention. This description is
an exemplification of the principles of the invention and is not
intended to limit the invention to the particular embodiments
illustrated.

0059 For the purposes of this disclosure, like reference
numerals in the figures shall refer to like features unless
otherwise indicated.

0060. In each of the embodiments discussed below, the
LEDs may be formed of the same or different colors. The
controller may be configured to select the color of the LEDs
to be illuminated forming the light signal.
0061 This application is related to the patent application
entitled “LED Light Communication System, attorney
docket number N53.2-10241-US06, filed contemporane
ously herewith, which is incorporated by reference herein in
its entirety. The present application is also related to the patent
application entitled “LED Light Dongle Communication
System,” attorney docket number N53.2-10241-US07, filed
contemporaneously herewith, which is incorporated herein
by reference in its entirety. Also the present application is
related to the patent application entitled “Building Illumina
tion Apparatus With Integrated Communications, Security
and Energy Management, attorney docket number N53.210241-US08, filed contemporaneously herewith, which is
incorporated by reference herein it its entirety. Further the
present application is also related to the patent application
entitled “Led Light Broad Band Over Power Line Commu
nication System, attorney docket number N53.2-10241
US10, filed contemporaneously herewith, which is incorpo
rated by reference herein in its entirety. The present
application is also related to the patent application entitled
“Led Light Global Positioning And Routing Communication
System,” attorney docket number N53.2-10241-US11, filed
contemporaneously herewith, which is incorporated by ref
erence in its entirety.
0062) Applicant incorporates by reference herein patent
application Ser. No. 10/646,853, filed Aug. 22, 2003, which
claims the benefit of provisional patent application Nos.
60/405.592 and 60/405,379, both filed Aug. 23, 2002, the
disclosures of all three being expressly incorporated herein
by reference. Applicant also incorporates by reference herein
patent application Ser. No. 12/032,908, filed Feb. 18, 2008,
which is continuation of patent application Ser. No. 1 1/433,
979, filed May 15, 2006, which is a continuation of patent
application Ser. No. 1 1/102.989, filed Apr. 11, 2005, now
issued U.S. Pat. No. 7,046,160, which is a division of patent
application Ser. No. 09/993,040, filed Nov. 14, 2001, now
issued U.S. Pat. No. 6,879,263, which claims the benefit of

provisional patent application No. 60/248,894, filed Nov. 15,
2000, the entire contents of each being expressly incorporated
herein by reference.
0063 FIG. 1 depicts an exemplary embodiment 110 of an
LED light and communication system. FIG. 1 shows a server
PC 112 connected via a USB cable 114 to a server optical
transceiver (XCVR) 116, and a client PC 118 connected via a
USB cable 120 to a client optical transceiver 122. The server
PC 112 is in communication with a network 123 via a CAT-5
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cable, for example. The server optical XCVR and the client
optical XCVR are substantially similar in at least one
embodiment. An exemplary optical XCVR (or, simply,
“XCVR) circuit includes one or more LEDs 124 for trans
mission of light and one or more photodetectors 126 for
receiving transmitted light. LEDs and photodetectors are well
known to those of ordinary skill in the art and, as such, their
specific operation will not be described in detail. The term
“photodetector includes “photodiodes' and all other devices
capable of converting light into current or Voltage. The terms
photodetector and photodiode are used interchangeably here
after. The use of the term photodiode is not intended to restrict
embodiments of the invention from using alternative photo
detectors that are not specifically mentioned herein.
0064. In at least one embodiment, the XCVR circuit may
include an RS232 to USB conversion module. The transmit

pin on the USB conversion module drives the driver electron
ics for the LEDs. In some embodiments, the XCVR circuit

includes high intensity LEDs. In some embodiments it may
be desirable to use high intensity LEDs to enhance lighting, to
improve data transmission, or both. In at least one embodi
ment, a 12 volt DC, 3 amp power supply is sufficient for
powering an array of high intensity LEDs.
0065. In some embodiments, the XCVR circuit further
includes an amplifier for amplifying the optical signal
received by the photodiode. The output of the amplifier may
be fed into level shifting circuitry to raise the signal to TTL
levels, for example. The signal is then fed into the receive pin
of the RS232 to USB module.

0066. In some embodiments, a 9V battery can be used to
power the amplifier circuitry. Significant noise is generated
by switching high brightness LEDs on and off at 200 mA and
500 kbps, for example. Powering the amplifier with a battery
can reduce these noise problems by reducing or removing
transients.

0067. It should be noted that in some embodiments, the
LED can both emit and receive light. In such an embodiment,
the LED can act both as a transmitter or receiver. More infor
mation on such bi-directional LEDs can be found in U.S. Pat.

No. 7,072.587, the entire contents of which are expressly
incorporated herein by reference.
0068. In at least one embodiment, the optical XCVRs, or
circuitry attached thereto, include modulation circuitry for
modulating a carrier signal with the optical signal. Modula
tion can be used to eliminate bias conditions caused by Sun
light or otherinterfering light sources. Digital modulation can
be accomplished by using phase-shift keying, amplitude-shift
keying, frequency-shift keying, quadrature modulation, or
any other digital modulation technique known by those of
ordinary skill. Similarly, such XCVRs can include demodu
lation circuitry that extracts the data from the received signal.
Modulation and demodulation techniques for modulating
light signals are known by those of ordinary skill in the art.
Examples of such techniques are described in U.S. Pat. Nos.
4,732,310, 5,245,681, and 6,137,613, the entire contents of

each being expressly incorporated herein by reference.
0069. It may be desirable in some embodiments to further
include filters or filter circuitry to prevent unwanted light
from being amplified. For example, the optical baseband sig
nal can be modulated at 100 kHz and then transmitted. The

XCVR that receives the 100 kHz modulated signal can
include a filter stage centered at 100 kHz. The filtered 100
kHZ signal can then be input into the amplifier circuitry,
thereby preventing amplification of unwanted signals. In
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Some embodiments, it can be desirable to amplify the trans
mitted signal first, and then filter out the baseband signal.
0070 Additional information regarding data communica
tion can be found in International Publication Number WO

99/49435, the entire contents of which are expressly incor
porated herein by reference.
0071. In another embodiment of the present invention,
security badges, ID badges, communications badge, badge,
user interface device, or name tags, these terms being used
interchangeably hereafter, can include optical XCVRs. The
optical XCVR of a user's security badge communicates with
the optical XCVRS that are also acting as room lighting, hall
lighting, clock or other lighting in a customer's facility. Of
course, the optical XCVRs can be placed in numerous other
locations as lighting sources. Using the XCVRS as light
Sources can reduce energy consumption and simplify com
munications by reducing the filtering or modulation com
plexities necessary to distinguish data signals from extrane
ous lighting sources.
0072. In accord with a preferred method of the invention,
LEDs are used to transmit through optical communication
channel several kinds of data, including identity, location,
audio and video information. The use of an optical commu
nications link provides large available bandwidth, which in
turn permits multiple feeds of personal communication
between LED light sources and badges similar to or in excess
of that of cell phones. The optical data is transferred at rates
far in excess of those detectable by the human eye, and so a
person is notable to detect any visible changes as the data is
being transferred. Additionally, because optical illumination
is constrained by opaque objects such as walls, the location of
a badge and associated person can be discerned to a particular
room, hallway or other similar space.
0073. In such an embodiment, the user can use the name
tag as a communication device. Alternatively, the user may
use the name tag to stream music, or video if a display is
included. Furthermore, the optical XCVR can also include
non-volatile memory (FLASHRAM, EEPROM, and
EPROM, for example) that can store firmware for the optical
XCVR, as well as text information, audio signals, video sig
nals, contact information for other users, etc., as is common

with current cell phones. While a hard-drive may be used
instead of these semiconductor-based memory devices, hard
drives may be impractical in some embodiments based on
their size, access times, as well as their susceptibility to jar
ring.
0074 There are numerous applications of such a design.
For example, in some embodiments, an optical XCVR is
engaged to a door lock. When a user with a name tag
approaches a locked door, the name tag broadcasts the unique
code, and an optical XCVR in communication with the door
lock receives the code, and if acceptable, unlocks or opens the
door. A table of acceptable codes may be stored in a memory
device that is in communication with, and accessible by, the
door's optical XCVR. Alternatively, the door's optical XCVR
may transmit a code to a central station that compares the
user's code against a table of approved codes and then sends
a response either allowing or denying access.
0075. The present invention reduces the extent of human
interaction required to control various functions such as light
Switches and thermostats, while simultaneously increasing
the capabilities of such controls. Individual or selected groups
of lights may be selectively configured for optimal physi
ological and psychological effects and benefits for one or
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more applications, and then may be readily reconfigured
without changes to physical structures for diverse applica
tions having different requirements for optimal physiological
and/or psychological effects and benefits. Rather than waiting
for a time delay as is the case with motion detectors, the
optical XCVRs (and in some embodiments the optical
XCVRs in conjunction with software) in the lighting fixture
recognize immediately that the person has moved beyond a
particular light, allowing that particular light to be dimmed or
turned off. Also, this Smart technology may be used to turn
lights on only for people with the correct code embedded in
their name tag. In Such an embodiment, the user can walk into
a restricted area, and if not authorized to be there, the lights
would remain off, and if authorized the lights would turn on.
Alternatively, a teacher with a name tag grading papers in a
classroom, for example, may use the name tag to turn only the
lighting near the teacher's desk at full brightness, while other
lighting in the room remains at a dimmer, more energy effi
cient, setting.
0076 Energy management is not solely limited to total
power consumption. Peak inrush current is also an important
factor monitored by many utility companies. This is the peak
power draw of the power customer, for exemplary purposes
within each twenty-four hour period. By controlling the tim
ing of illumination and other equipment start-up, electrical
draw may be gradually ramped up. Many devices initially
draw more power at start-up than when operational. So, since
each light is individually addressed and controlled and appli
ances or machines may similarly be controlled, the commu
nications afforded by the present invention permit much
smaller banks of devices to be started, allowing those devices
to Surge and then settle to lower energy requirements before
starting the next bank of devices. Some devices and machines
very quickly drop down to lower power draw. LED light
Sources are such a device. Banks of these may very quickly
and sequentially be started. Other devices, such as electrical
compressors found in heat pumps, refrigeration and air con
ditioning units, may require much more time for start-up,
before additional devices should be started. Likewise, the

particular order of start-up may be optimized for the various
electrical loads found within a building. All of this is readily
accomplished through simple programming and communica
tion through preferred LED light sources or equivalents
thereto.

0077. In other embodiments of the invention, numbers of
occupants within a space may be used not only for anticipat
ing illumination, but also to control operation of other appli
ances and machinery within the building. Exemplary of this,
but not limited thereto, are water and space heaters and cool
ers, and all other electrical or electrically controllable
devices.

0078. In some embodiments, the name tag may be used to
assist emergency personnel. For example, if a person with a
name tag had an incapacitating emergency condition while
walking along a hallway in a building with optical XCVRs, as
in the embodiments described above, the hallway lighting can
be modified to direct emergency workers directly to the
injured person. The lights can be made to flash, change color,
or form directional arrows, or sequential directional indica
tors, or otherwise signify to the emergency personnel the
quickest path to the person.
0079. In at least one embodiment of the present invention,
the optical XCVR may be incorporated into a clock, prefer
ably on the face of the clock, as seen in FIGS. 1-10. The AC
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electrical wiring of a building (e.g. school, office, etc.) is used
to provide BOPL access to the building. The building
includes a master clock 220 and one or more clocks 222

located throughout the building, each clock powered by the
AC electrical wiring 224, as seen in FIG. 5. In some embodi
ments, the master clock 220 and the other clocks 222 are on

the same electrical circuit. The master clock may include a
number of functions, including an annunciator panel. The
annunciator panel may be used to communicate fire alarms,
tornado alarms, lockdowns, presence of an unknown person
(S), etc. to annunciator panels on the other clocks. The master
clock is in operative communication with a powerline bridge
150. The master clock includes appropriate circuitry for
encoding the alarm signals and transmitting them to the
power line bridge onto the AC electrical wiring. The packets
are then routed to clocks located in other rooms in the build

ing to communicate the alarm signal.
0080. The other clocks include power line bridge circuitry
for decoding the signal and a display and/or speaker for
communicating the transmitted alarm. As seen in FIG. 2, the
clocks 222 further include one or more optical XCVRs 160
that allow communication between other devices in a room

that are equipped with optical XCVRs, such as thermostats
226, smoke detectors 228, cameras 230, and PA speaker 232,
as seen in FIG. 4. The optical XCVRs in the clock also allow
communication with other rooms and/or a central location.

For example, upon sensing Smoke, a Smoke detector equipped
with an optical XCVR broadcasts the signal, which is in turn
received by the clock's optical XCVR and transmitted over
the AC wiring to a central location as an alarm.
I0081 Energy management may also be accomplished by
using the optical XCVR on the clock to turn down/up a
thermostateduipped with an optical XCVR, based on the time
of day, or whether anyone is in the room. In Such an embodi
ment, students, for example, may each wear one of the above
described name tags that broadcast a unique code. If the
optical XCVR in the clock in the room is polling and does not
detect any unique codes being broadcast in the room, it sends
the information along to a central location that, in turn,
instructs the optical XCVR in the clock to broadcast a signal
to turn the thermostat up/down to save energy. A similar
function may be performed with respect to the lighting in the
room. As described in detail above, the BOPL and optical
XCVRs may be used to provide Internet access, thereby
allowing the optical XCVR on the clock to be the access point
for the Internet connection. If a PA speaker is included in the
clock, or is in communication with the clock as in FIG. 4, the

optical XCVR of the clock may also be used as a public
address system to broadcast messages.
I0082 In some embodiments, the clock face is an analog
display, as seen in FIG. 2. However, in at least one embodi
ment, the clock is a digital clock, as seen in FIG. 3. In some
embodiments, the LED segments 234 act both as the display
of the clock and as the LEDs used for transmitting data
signals. The digital clock further includes one or more pho
todiodes 126 for receiving data signals.
I0083. In at least one embodiment of the present invention,
each student in a School wears a name tag with an optical
XCVR. The optical XCVR on a name tag may communicate
with the optical XCVR on a clock to indicate whether a
student in a classroom is present, or provide the student's
location. In a normal classroom setting multiple students will
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be present. Thus, a channel access method can be provided to
allow all students and teachers to use the clock's optical

ment, the LEDs are in operative communication with an LED
power driver, ensuring a constant current source for the

XCVR.

LEDS.

0084. In some embodiments, a channel access method like
time division multiple access (TDMA) may be used. TDMA
splits a signal into timeslots, with each user transmitting only
in their allotted time slot. One of ordinary skill will recognize
that frequency division multiple access (FDMA), code divi
sion multiple access (CDMA), or other channel access
method may be used to allow multiple optical XCVRs to
transmit to a single optical XCVR.
0085. In some embodiments, the optical XCVR associated
with the clock, for example, is constructed and arranged Such
that each photodiode acts as a separate receiver channel. The
multi-channel optical XCVR on the clock may be used for
parallel processing of received data, for example 30 students
with unique name tags transmitting simultaneously. In Such
an embodiment, it may not be necessary to use channel access
methods because the optical XCVR is designed with suffi
cient channel capacity to handle all incoming traffic. In some
embodiments, the processor of the optical XCVR may simul
taneously process all incoming signals. In embodiments
where the processor cannot simultaneously process all
incoming signals, it may be desirable to include buffers to
buffer the incoming signals so that signals are processed
according to the time they were received.
I0086. In at least one embodiment, the optical XCVR asso
ciated with the clock, for example, is constructed and
arranged such that each LED acts as a separate transmission
channel. The multi-channel optical XCVR on the clock may
be used for parallel transmission of data, for example. That is,
each LED in the LED array of the optical XCVR may be used

0091. In some embodiments, the XCVRs may include cir
cuitry that performs modulation, demodulation, data com
pression, data decompression, up converting, down convert
ing, coding, interleaving, pulse shaping, and other
communication and signal processing techniques, as are
known by those of ordinary skill in the art.
0092. An embodiment of a slave clock 3107 combined
with optical transmitter 3102 and optical detector 3103 is
illustrated in FIG. 16. Optical transmitter 3102 preferably
comprises at least one optical LED, and most preferably
comprises an RGB LED, designating that the LED includes
Red, Green, and Blue which are the primary additive colors
from which all other colors including white may be produced.
For exemplary purposes only, optical transmitter 3102 may
comprise discrete LEDs of each primary color, or may alter
natively be a single RGB LED integrated onto a common die,
taking the physical form of a single LED. Furthermore, more
than one RGB LED may be integrated upon a single die or
within a common package or optical transmitter 3102, as may
be deemed most appropriate. In practice, there is no limit to
the number of RGB LEDs that may be used, other than
physical size and available space limitations, and thermal
dissipation capacity and power requirement constraints.
0093. By controlling the relative power applied to each
one of the RGBLEDs, different colors may be produced. This
concept is well-known as the RGB model, and is used today
in nearly all video displays. Color televisions and computer
monitors, for example, incorporate very Small red, green and
blue (RGB) dots adjacent to each other. To produce white
regions on the screen, all three RGB dots are illuminated.
Black dots are the result of none of the RGB dots being
illuminated. Other colors are produced by illuminating one or
more of the dots at different relative levels, or alternatively
controlling how many closely adjacent dots of one primary
color are fully illuminated relatively to the other two primary
colors. The display of different colors can be used as a part of
a visual signaling system, using particular colors as indicators
of particular information. As one example, though not limit
ing the present invention in any way, a flashing red optical
transmitter 3102 might signal a fire drill, while a steady red
optical transmitter 3102 might signal an actual fire. Any type

to broadcast a different data stream. So, LED1 could broad

cast a data stream to computer 1, and LED2 could simulta
neously broadcast a different data stream to computer 2, and
LED3 could simultaneously broadcast a different data stream
to computer 3, etc. It should be noted that the optical XCVR
in a clock is an exemplary embodiment. One of ordinary skill
will recognize that a multi-channel optical XCVR may be
embodied in numerous other devices, or as a standalone
device.

0087 As stated above, the LEDs may be bi-directional. In
at least one embodiment, the optical XCVR is comprised of
bi-directional LEDs. In such an embodiment, the optical
XCVR is constructed and arranged such that at least one of
the bi-directional LEDs allows parallel transmitting and
receiving of light signals.
I0088. Within the disclosure provided herein, the term
“processor refers to a processor, controller, microprocessor,
microcontroller, mainframe computer or server, or any other
device that can execute instructions, perform arithmetic and
logic functions, access and write to memory, interface with
peripheral devices, etc.
0089. As described herein each, optical XCVR may also
include non-volatile memory (FLASHRAM, EEPROM, and
EPROM, for example) that may store firmware for the optical
XCVR, as well as text information, audio signals, video sig
nals, contact information for other users, etc., as is common

with current cell phones.
0090. In some embodiments, an optical signal amplifier is
in communication with the photodiodes to increase the signal
strength of the received light signals. In at least one embodi

of condition, such as a tornado, fire, lockdown, or movement

may be signaled. With an RGB LED, all colors may be used
and steady Versus flashing illumination may be further com
bined, making the distinguishable set of optical indicators
available to a system designer very large.
0094. While other options exist for producing white light
from LEDs, the use of an RGB LED absent of phosphors is
preferred for most applications of the present invention. Not
only is color of the light easily controlled using well-known
RGB technology, but also by their very nature phosphors tend
to slow down the rate at which an LED may be illuminated
and extinguished due to phosphor latencies. For the purposes
of the present invention, where an optical communications
channel is created using optical transmitter 3102, higher data
transfer rates may be obtained with more rapid control of
illumination levels. Consequently, if phosphors are used in
the generation and/or conversion of light, and if faster data
exchange rates through optical communications are desired,
these phosphors will preferably be very fast lighting and
extinguishing.
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0095 Optical detector 3103 may either be a broad spec
trum detector or alternatively color-filtered or sensitive to
only a single color. Detector 3103 will be any of the many
known in the art, the particular selection which will be deter
mined by well-known considerations such as sensitivity, reli
ability, availability, cost and other considerations.
0.096 FIG. 7 illustrates a second embodiment slave clock
3107 combined with optical receiver 3103 and a different
optical transmitter 3104. Where an LED slave clock exists,
one or more of the LED segments has the capability of serving
as an optical transmitter 3104. In this embodiment, more
segments are available, but in most cases these LED segments
will emit only a single color, eliminating the ability to use
colors as a part of visible signaling. Flashing may, however,
still be used.

0097 FIG. 8 illustrates by projected environmental view
an embodiment of a communications network incorporating
master and slave synchronized clocks. In accord with a pre
ferred method of the invention, optical transmitter LEDs
3102,3104 are used to transmit one or more kinds of data,

including identity, location, audio and video information, and
various data signals. The data signals may arise through com
munications within a Local Area Network (LAN), sometimes
referred to as an Intranet, owing to the common use of such a
network entirely within an office space, building, or business.
The data may additionally or alternatively arise through com
munication with a Wide Area Network (WAN), commonly
describing a network coupling widely separated physical
locations which are connected together through any suitable
connection, including for exemplary purposes but not solely
limited thereto such means as fiber optic links, T1 lines, Radio
Frequency (RF) links including cellular telecommunications
links, satellite connections, DSL connections, or even Inter

net connections. Generally, where more public means such as
the Internet are used, secured access will commonly separate
the WAN from general Internet traffic. The data may further
arise through communications with the Internet.
0098. The data is introduced at a junction between master
clock 3105 and slave clocks 3107 using a Broadband-over
Power-Line (BPL) transceiver 3106. BPL transceiver 3106
may use circuitry already known in the art, but may also
further comprise a detector and control which disables data
transfer during ordinary clock synchronization.
0099. The use of an optical communications link provides
large available bandwidth, which in turn permits multiple
feeds of personal communication between slave clocks 3107
and other light communications enabled devices. Optical data
is transferred at rates far in excess of those detectable by the
human eye, and so in many cases a person may not be able to
detect any visible changes as the data is being transferred.
Additionally, a plurality of LEDs may be incorporated into an
array, and may be used for a plurality of communications
channels. In this case, the likelihood of the plurality all going
dark, resulting in visible differences in room illumination is
reduced. Software may further be incorporated to monitor
and predict illumination, and control data transmissions from
one or more streams accordingly to maintain desired illumi
nation levels. In another embodiment, some of the plurality of
LEDs may be maintained in an on state, while others of the
array may be used for data transmission. In these cases, the
minimum possible illumination is that of the on-state LEDs.
As may be appreciated, a number of approaches are available
or will be apparent from the foregoing discussion to maintain
baseline illumination.
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0100 Because optical illumination is constrained by
opaque objects such as walls, the location of an associated
device or person can be discerned to a particular room, hall
way or other similar space. In contrast, prior art GPS systems
and cell phone triangulation techniques are typically only
accurate to one or several hundred feet. Horizontally, this
prior art precision is adequate for many applications. How
ever, vertically several hundred feet could encompass twenty
floors in an office or apartment building. The preferred
embodiment, capable of precision to a room or light fixture,
therefore has much more exact pinpointing than hitherto
available. It can locate a person immediately, even in a large
area and/or among a large crowd, and can keep track of a large
population simultaneously. The large bandwidth permits
Video signals to be integrated, providing the opportunity to
create audio-video records that are fixed in time and location.

0101 Since location may be relatively precisely dis
cerned, optical transmitter LEDs 3102, 3104 may in one
embodiment be configured to change color, flash, or other
wise be visually changed or manipulated to assist with direc
tional guidance, personnel or intruder identification, energy
management, or even to facilitate the meeting and connection
of individuals.

0102. In other embodiments of the invention, numbers of
occupants within a space may be used not only for anticipat
ing illumination, but also to control operation of other appli
ances and machinery within the building. Exemplary of this,
but not limited thereto, are water and space heaters and cool
ers, and all other electrical, electro-mechanical or electrically
controllable devices.

0103) In the event of an unauthorized presence, and in
accord with another embodiment of the invention, the present
preferred apparatus may be used for detection and location.
When a building is dark, in many cases an unauthorized
person will rely upon a flashlight to move through the build
ing. Most preferably, optical detector 3103 will detect this
unidentified light source. In such case, since the location of
optical detector 3103 is known precisely, the location of the
unauthorized person is also known. Further, even as the unau
thorized person moves about, so the unauthorized person will
be tracked by virtue of the light emitting from the unautho
rized person's flashlight. When emergency personnel are
called to the building, LED optical transmitters 3102,3104
may be used to guide the emergency personnel to the exact
location of the unauthorized person. The emergency person
nel may not be limited to police. As may by now be apparent,
ambulance workers as well as police would appreciate flash
ing directional lights because quicker access to an emergency
scene could potentially save lives. This custom guidance sys
tem can include red, white or other suitably colored or illu
minated lights which may be steady or flashing for emergency
situations.

0104 FIG. 9 illustrates by front environmental view an
embodiment of a building communication and management
system within one room or space 3020, using a single slave
clock 3107 to communicate with a variety of diverse devices
through optical LED communication channels. In practice, in
a schoolroom or other public building this clock 3107 could
communicate with other light communication enabled
devices. For exemplary purposes only, and not limiting
thereto, other light communication enabled devices might
include: public address system 3108; another clock 3107; a
thermostat 3109; fire and smoke alarms 3110 and 3111; or a

camera 3112. Since these devices are light communication
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enabled, they may be controlled and/or monitored. Thus
information from any enabled device can be shared with all
other devices on the same network as the clock. Slave clock

3107 communication can further be shared with optically
enabled name tags, telephones, TV and music, Internet, pub
lic address, computing devices of all sorts, ranging from
hand-held devices such as Personal Digital Assistants (PDAs)
to massive mainframe computers, and including Personal
Computers (PCs), printers, network storage devices, other
security and safety devices, appliances, EVAC systems,
manufacturing machinery, and so forth. Essentially, any
device which incorporates or can be made to incorporate
Sufficient electronic circuitry may communicate with slave
clock 3107 to exchange information at any time.
0105. A building's security may further be enhanced
through the use of name tags, which a slave clock 3107 can
read and communicate with. The appropriate command sig
naled from LED optical transmitters 3102,3104 may addi
tionally control door locks. Camera 3112 can broadcast video
through the optical link, and anything on the clock network
can receive the picture. This would be most useful for record
ing or broadcast.
0106 Many different conditions or devices may be simul
taneously monitored and/or controlled when they are broad
casting information through the preferred clock network,
because they are operating on a wide-bandwidth optical link.
This information can be used anywhere on the clock network,
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work and are applicable or not to the present invention, the
present invention further contemplates improvements to
bandwidth using useful and functional transmission tech
niques and the incorporation of the same where operationally
suitable.

0109 The usefulness of embodiments of the present
invention is illustrated, for example, by smoke alarm 3110.
Since it is optically enabled, it can broadcast to slave clock
3107 the existence of a fire. The location of slave clock 3107

will preferably be stored, so the location and existence are
both immediately known. Since the whole network is aware
of the site of the fire, the nearest personnel can implement
evacuation plans. Likewise, public address system 3108 can
immediately direct traffic in the event of an emergency.
0110 Camera 3112 provides video feed of the activity in a
given room, thus enhancing security. If audio and/or video is
enabled, through one or more personal communications
badges or separate wall-mounted cameras 3112, the video can
be used to capture the last-known conditions of a user or an
area. This can be important in the event a disaster Strikes that
results in significant destruction of property or life.
0111 Monitoring of thermostat 3109 by the network
allows the temperature of a room to be controlled according to
various factors such as outdoor temperature, building tem
perature, and the number of occupants.
0112 Thus communication, Security, and energy/building
management are vastly improved through the clock with opti

which includes the other rooms oracentral server. Bandwidth

cal transmitter and receiver.

may be limited by existing clock synchronization wiring, but
should still be able to provide enough to additionally incor
porate video signals from at least one user, such as a teacher
in a classroom. Furthermore, where desired and suitably
enabled, all types of data or information may be carried
through the preferred communications systems illustrated in
the Figures, including but not limited to telephone signals,
television signals, Internet connections, building mainte
nance wiring Such as thermostats, fire alarms, motion detec
tors, and any other electrical or electronic apparatus existing
or appearing within the room or space. Thus, a building need
to be wired only for power and synchronized clocks, saving a
huge infrastructure of other wires and fixtures and in turn
saving a great deal of money.
0107 While bandwidth may be relatively limited in the
case of open synchronization wiring interspersed with other
wires or adjacent to other sources of EMI/RFI, several addi
tional circumstances may pre-exist or may be provided to
boost the bandwidth of a system designed in accord with the
present invention. In one embodiment, all or many synchro

0113 FIG. 10 illustrates by block diagram an electrical
schematic of a communications network incorporating mas
ter and slave synchronized clocks such as illustrated by FIG.
8, but with only one slave clock illustrated therein.
0114 Incoming/Outgoing BPL communication 3201 is
provided through a clock synchronization wire, as shown in

nization wires are shielded within a conduit or other suitable

shielding, most preferably for the entire distance between

FIG. 8, from BPL transceiver 3106. This is the shared elec
trical circuit.

(0.115. A BPL transceiver 3202 is provided at clock 3107 to
receive and transmit data from/to the BPL enabled electrical

circuit shared by the slave clocks. The particular interface
implemented may vary. Currently a number of existing inter
faces could be used, such as Universal Serial Bus (USB),
Ethernet, Media Independent Interface (MII), etc, and the
particular choice of interface could further depend on the BPL
transceiver used, as will be apparent to those skilled in the art.
0116. A micro-controller, microprocessor, ASIC or the
like 3203 is provided for program control that can transmit/
receive data to/from BPL communication network 3201

through BPL transceiver 3202. Microprocessor 3203 in an
embodiment may respond to commands received on this net
work32.01 to manipulate enable circuitry 3204, and may also

BPS transceiver 106 and each slave clock 3107. Such shield

issue commands or send data to network3201 if needed. If the

ing results in the preferred S-BPL communications channel,
which is anticipated to have higher bandwidth capability than
provided with open and unshielded wires.
0108 Relatively recently, artisans have also proposed
using so-called E-lines for extremely high bandwidth, low

transmit portion of enable circuitry 3204 is enabled, these
commands/data will also be passed to the optical link.
0117 Enable circuitry 3204, through driver circuitry
3205, may in one embodiment be enabled to turn on or off the
LED optical transmitters 3102,3104, as well as change the
characteristics of the light, such as brightness and even color
mix when multicolor LEDs are used. This is useful for things
Such as an annunciator light or emergency light, which may
provide a visual indicator for things such as tornado, lock
down, fire, movement, etc. Enable circuitry 3204 may also
manipulate the ability for BPL communication network32.01
to send and/or receive data at this clock to or from the optical

attenuation transmission. Such transmission schemes are, for

exemplary purposes, proposed in U.S. Pat. Nos. 6,104,107
and 7,009,471, the contents of each which are incorporated by
reference for their teachings of high-speed transmissions over
single conductors. While the present invention is fully opera
tional using known or well-established transmission tech
niques and resulting bandwidths, and so is completely inde
pendent of the whether these E-line transmission techniques

link.
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0118 Driver circuitry 3205 and LED(s)3206 will pass any
signals to the optical link for other devices designed to com
municate with clock 3107. Driver circuitry 3205 may, in the
preferred embodiment, simply be appropriate buffering, iso
lation, modulation or amplification circuitry which will pro
vide appropriate Voltage and power to adequately drive LED
emitter 3206 into producing a visible light transmission.
Exemplary of common driver circuits are operational ampli
fiers (Op-amps) and transistor amplifiers, though those
skilled in the art of signal conditioning will recognize many
optional circuits and components which might optionally be
used in conjunction with the present invention. Also, it may be
desirable to use a modulation scheme with the signal. The
transmit circuitry may have to provide a means of modulation
in this case, also preferably incorporated into driver circuitry
3205. The type of modulation will be decided using known
considerations at the time of design, selected for exemplary
purposes from FM, AM, PPM, PDM, PWM, OFDM, and
QAM.
0119 Similar to but preferably complementary with the
transmission circuitry, receiver circuitry 3207 receives data
from the optical link detected by photo sensor 3208. Receiver
circuitry 3207 will appropriately condition, and may further
converta data-bearing electrical signal. As but one example of
such conversion, receiver circuitry 3207 may additionally
demodulate a data-bearing electrical signal, if the data stream
has been modulated by an optical host. Suitable buffering,
amplification and other conditioning may be provided to
yield a received data signal.
0120 In one embodiment, LED 3206 may be illuminated
as a night light at low power. Where properly enabled with
battery back-up or the like, the preferred embodiment com
munications such as illustrated in the Figures may further
provide communications and emergency lighting in the event
of a power failure.
0121. In an embodiment of the invention, an intelligent
audio/visual observation and identification database system
may also be coupled to sensors as disposed about a building,
relying upon the present communications system transmit
ting over the synchronization wire of a clock system. The
system may then build a database with respect to temperature
sensors within specific locations, pressure sensors, motion
detectors, communications badges, phone number identifiers,
Sound transducers, and/or Smoke or fire detectors. Recorded

data as received from various sensors may be used to build a
database for normal parameters and environmental condi
tions for specific Zones of a structure for individual periods of
time and dates. A computer may continuously receive read
ingS/data from remote sensors for comparison to the pre
stored or learned data to identify discrepancies therebetween.
In addition, filtering, flagging and threshold procedures may
be implemented to indicate a threshold discrepancy to signal
an officer to initiate an investigation. The reassignment of
priorities and the storage and recognition of the assigned
priorities occurs at the computer to automatically recalibrate
the assignment of points or flags for further comparison to a
profile prior to the triggering of a signal representative of a
threshold discrepancy.
0122) The intelligent audio/visual observation and identi
fication database system may also be coupled to various infra
red or ultraviolet sensors, in addition to the optical sensors
incorporated directly into LED optical transmitters 3102,
3104 and optical detectors 3103, and used for security/sur
veillance within a structure to assist in the early identification
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of an unauthorized individual within a security Zone or the
presence of an intruder without knowledge of the intruder.
I0123. The intelligent audio/visual observation and identi
fication database system as coupled to sensors and/or build
ing control systems for a building which may be based upon
audio, temperature, motion, pressure, phone number identi
fiers, Smoke detectors, fire detectors and fire alarms is based
upon automatic storage, retrieval and comparison of
observed/measured data to prerecorded data, in further com
parison to the threshold profile parameters to automatically
generate a signal to a Surveillance, security, or law enforce
ment officer.
0.124. The optical link does not interfere with existing
communication systems like those that are common today.
Consequently, the preferred embodiment may be used in a
variety of applications where prior art systems were simply
unable due to EMI/RFI considerations.
0.125 Set-up, testing, troubleshooting and the like are also
vastly simplified. When the light communication system is
working, the user can actually see the illumination. If an
object interferes with light transmission, the user will again
immediately recognize the same. Thus, the ease and conve
nience of this light system adds up to greater mobility and less
cost. In addition, relatively high energy outputs may be pro
vided where desired using the preferred visible light commu
nications channel, since the human eye is adapted and well
protected against damage from light. In contrast, many
invisible transmission techniques such as Ultraviolet (UV) or
Infra-Red (IR) systems have much potential for harm.
I0126. A host lamp fixture system may replace stationary
(mounted in a particular place) lighting fixtures in order to
communicate data. Inside of LED lights there may be one or
many dies; these may pulsate on slightly different frequencies
from a single light to communicate. Each may be looking for
changes by way of Multiple Channel Access or other suitable
technique.
I0127. In addition to being directed to the embodiments
described above and claimed below, the present invention is
further directed to embodiments having different combina
tions of the features described above and claimed below. As

such, the invention is also directed to other embodiments

having any other possible combination of the dependent fea
tures claimed below.

I0128. The present invention may be embodied in other
specific forms without departing from the spirit or essential
attributes thereof, and it is, therefore, desired that the present
embodiment be considered in all respects as illustrative and
not restrictive, reference being made to the appended claims
rather than to the foregoing description to indicate the scope
of the invention.

I0129. Further, the particular features presented in the
dependent claims can be combined with each other in other
manners within the scope of the invention such that the inven
tion should be recognized as also specifically directed to other
embodiments having any other possible combination of the
features of the dependent claims. For instance, for purposes of
claim publication, any dependent claim which follows should
be taken as alternatively written in a multiple dependent form
from all prior claims which possess all antecedents refer
enced in Such dependent claim if such multiple dependent
format is an accepted format within the jurisdiction (e.g. each
claim depending directly from claim 1 should be alternatively
taken as depending from all previous claims). Injurisdictions
where multiple dependent claim formats are restricted, the
following dependent claims should each be also taken as
alternatively written in each singly dependent claim format
which creates a dependency from a priorantecedent-possess
ing claim other than the specific claim listed in Such depen
dent claim below.
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0130. This completes the description of the preferred and

wherein the clock is in communication with the

alternate embodiments of the invention. Those skilled in the

broadband over power line communications sys

art may recognize other equivalents to the specific embodi
ment described herein which equivalents are intended to be
encompassed by the claims attached hereto.
0131 The above disclosure is intended to be illustrative
and not exhaustive. This description will Suggest many varia
tions and alternatives to one of ordinary skill in this art. The
various elements shown in the individual figures and
described above may be combined or modified for combina
tion as desired. All these alternatives and variations are

intended to be included within the scope of the claims where
the term “comprising means “including, but not limited to”.
What is claimed is:

1. In combination, an LED light and communication sys
tem in communication with a broadband over power line
communications system, the LED light and communication
system comprising:
at least one optical transceiver, the optical transceiver com
prising:
a light Support having a plurality of light emitting diodes
and at least one photodetector attached thereto; and
a processor in communication with the light emitting
diodes and the at least one photodetector, the proces
Sor constructed and arranged to generate a communi
cation signal,
wherein the at least one optical transceiver is engaged
to a clock, and

tem.

2. The combination of claim 1, wherein the at least one

optical transceiver is constructed and arranged to communi
cate with a name tag.
3. The combination of claim 2, further comprising a name

tag.

4. The combination of claim3, wherein the name tag com
prises at least one optical transceiver.
5. The combination of claim 4, wherein the name tag
includes a unique identifier.
6. The combination of claim 4, wherein the unique identi
fier is stored in non-volatile memory.
7. The combination of claim 1, wherein the at least one

optical transceiver is constructed and arranged to communi
cate with a thermostat.

8. The combination of claim 1, wherein the at least one

optical transceiver is constructed and arranged to communi
cate with a video camera.

9. The combination of claim 1, wherein the at least one

optical transceiver is constructed and arranged to communi
cate with a public address system.
10. The combination of claim 1, wherein the at least one

optical transceiver is constructed and arranged to communi
cate with a Smoke detector.
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