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(57) ABSTRACT 

An LED light and communication system is in communica 
tion with a broadband over power line communications sys 
tem. 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 
constructed and arranged to generate a communication sig 
nal. 
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LED LIGHT BROAD BAND OVER POWER 
LINE COMMUNICATION SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

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

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

0002. Not applicable 

FIELD OF THE INVENTION 

0003. This invention pertains generally to the data com 
munications, and more particularly to improved communica 
tions apparatus providing enhanced data communications, 
signaling and control systems using visible light with embed 
ded communications signals. 

BACKGROUND OF THE INVENTION 

0004 Modern communications systems interconnect 
various electrical, electro-mechanical, or electrically con 
trolled apparatuses. These connections may be referred to as 
connections between client devices and host devices. For the 
purposes of the present disclosure, host devices are simply 
parts of the network that serve to host or enable communica 
tions between various client devices. Generally speaking, 
host devices are apparatuses that are dedicated to providing or 
enabling communications, but this does not have to be the 
case. Peer-to-peer networks exist wherein, at any given 
moment, a device may be either client or host. In Such a 
network, when the device is providing data, information or 
services, it may be referred to as the host, and when the same 
device is requesting information, it may be referred to as the 
client. 
0005. The host may provide connection 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 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 Internet connections. Generally, 
where more public means such as the Internet are used, 
secured access will commonly separate the WAN from gen 
eral Internet traffic. The host may further provide access to the 
Internet Exemplary host apparatuses include modems, rout 
ers, Switches, or other devices that may enable or secure 
communications with clients, even including other clients as 
noted herein above. 
0006 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 
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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. 

0007 Most current communications systems rely upon 
wires and/or radio waves to link clients and hosts. Existing 
client devices are frequently designed to connect to host 
network access points through wired connections, like copper 
wire, for example, fiber optic connections, or as wireless 
connections, such as wireless routers or wireless access 
points. 
0008. 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 communications channel. A wired systems must 
physically span between the apparatus. Such as client and 
host, and therefore must be physically placed or installed. 
Inside of a building, since these wires must remain during 
communications the tether thus created limits movement of 
the client relative to the host. The wire is often unsightly and 
hard to contain in a work space. The wire may also 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. Outside of a building, wires are Subject to lightning 
strikes, EMI/RFI generation and reception, and breakage as 
known to occur during ice storms in the case of overhead 
wires and accidental cutting during excavating in the case of 
buried cables. 

0009. In contrast, in the case of wireless routers a radio 
signal replaces the physical communications channel 
between clients and hosts with a radio channel. This advan 
tageously eliminates the wire tether between client and host. 
Instead, client devices in a wireless system try through vari 
ous 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 hand 
shakes. Depending upon the communications channel, a vari 
ety 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 compatible devices, infrared/IrDA devices, and 
other known or similar components. 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 behindered by interference from an 
appliance Such as a microwave oven or other machinery or 
apparatus. 
0010 Because of the ever-changing nature of a building 
and the best practices associated therewith, it can be quite 
difficult if not impossible to keep all areas within a building 
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up to date with best practices or preferred capabilities. One 
common obstacle to providing desirable features or capabili 
ties within a building space is the need for electrical wiring 
adequate to accommodate the features or capabilities, par 
ticularly when the features or capabilities are identified sub 
sequent to original construction. 
0011 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. 
0012 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 
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. 
0013. In addition to data communications, buildings and 
other spaces may also have a number of additional important 
needs including, for exemplary purposes though not limited 
thereto, illumination, fire and Smoke detection, temperature 
control, and public address. With regard to illumination, 
buildings and other spaces are designed with a particular 
number and placement of particular types of lightbulbs. Most 
designers incorporate incandescent or fluorescent bulbs to 
provide a desirable illumination within a space. The number 
and placement of these bulbs is most commonly based upon 
the intended use of the space. 
0014 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 most materials are heated, they 
will first begin to glow a dull red. As the temperature is raised 
further, the color changes to a brighter red, then yellow, then 
white, and finally to a blue color. Likewise, flames exhibit this 
same coloring depending upon the temperature of a flame. 
Most people will recall the blue and yellow portions of candle 
flames. To permit comparisons between different light 
Sources, the color produced by a light bulb is compared to a 
hot body at a known temperature, which will emit light having 
color shades that depend upon the temperature. 
00.15 Most incandescent bulbs emit light at a color tem 
perature typically in the vicinity of 3,000 degrees Kelvin. 
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This is considered to be a warm hue, which is often prized in 
relaxed settings such as those of a living room or dining room. 
This coloroflight more closely resembles gentle candle light. 
0016. In contrast to warm incandescent light, work and 
study environments are more preferably illuminated with 
light of more blue content, more closely resembling daylight. 
Color temperatures of approximately 6,000 degrees Kelvin 
resemble daylight. Daylight color temperatures are not prac 
tically obtained using an incandescent bulb. 
0017 Not only are incandescent bulbs limited to lower 
color temperatures and yellow hues, these bulbs also only 
have a few thousand hour life expectancy. The extreme tem 
peratures required for the filament to light also gradually 
evaporates the filament material. Also undesirably, incandes 
cent bulbs produce far more heat than light, meaning they are 
inefficient in converting electrical energy into light. These 
limitations exist even though there have been more than a 
century of improvements. Nevertheless, and in spite of the 
many limitations, incandescent bulbs are still in fairly wide 
spread use today. 
0018. There exist many choices of bulb types today, 
including but not limited to the incandescent bulb. The selec 
tion of lightbulb type can be used to control both intensity and 
color of illumination. Color of illumination as used herein 
may include specific optical wavelengths associated with one 
or another color within the visible spectrum, but will also be 
understood to refer to various color temperatures as already 
described herein above. 

0019. 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 
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 be 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. 

0020. 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, immunosuppression, and reduced 
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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. 
0021. 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. 
0022. 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 requites "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 
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. 

GENERAL DESCRIPTION OF THE INVENTION 

0023 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. The present application is also 
related to the patent application entitled “Building Illumina 
tion Apparatus With Integrated Communications, Security 
and Energy Management attorney docket number N53.2- 
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10241-US08, fried contemporaneously herewith which is 
incorporated herein by reference in its entirety. Also the 
present application is related to the patent application entitled 
“LED Light Interior Room and Building Communication 
System,” attorney docket number N53.2-10241-US09, filed 
contemporaneously herewith, which is incorporated by ref 
erence herein it 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 contemporane 
ously herewith, which is incorporated by reference in its 
entirety. 
0024 Applicant additionally incorporates by reference 
herein patent application Ser. No. 10/646,853, filed Aug. 22. 
2003, which claims the benefit of provisional patent applica 
tion Nos. 60/405,592 and 60/405,379, both filed Aug. 23, 
2002, the disclosures of all three being expressly incorporated 
herein by reference. 
Further, Applicant incorporates by reference herein patent 
application Ser. No. 12/032,908, filed Feb. 18, 2008, which is 
continuation of patent application Ser. No. 11/433,979, 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 ref 
CCC. 

0025. According to the invention, there is provided an 
illumination apparatus that is capable of illuminating a space 
and simultaneously capable of communicating through vis 
ible light directly with a number of adjunct devices. In addi 
tion to human communications, communications with 
adjunct devices may effect various convenience, security, 
energy management and related functions. The illumination 
apparatus further enables control over intensity, color tem 
perature, and even color without requiring any physical 
change. 
0026. Visible Light Embedded Communication, or 
VLEC, as taught herein is a secure last mile solution to many 
diverse communications needs. Last mile refers to the final 
portion of any communications system, and it is commonly 
known that the last mile normally demands the vast majority 
of expense and difficulty in establishing and maintaining a 
system. Light Emitting Diodes, or LEDs, provide with other 
apparatus a communications channel while simultaneously 
affording flexible illumination within a space or building. 
Using LEDs to provide visible lighting and to embed com 
munications therein enables the present invention to improve 
security and provide higher capacity over that known in the 
prior art LEDs are similar to fiber optic communications in 
capability and bandwidth, but do so without the fiber. The 
LED link is therefore untethered and enables a communica 
tion link with nomadic devices. The link is untethered in that 
the user is independent of any one host, and may get the same 
information at other optical hosts. 
0027. In an Access BPL system, data is carried as a signal 
through existing mediums like fiber-optic cable, radio waves, 
conventional telephone lines, or through the present inven 
tion. Visible Light Embedded Communications (VLEC) 
around high-voltage lines. It is then injected into the power 
grid downstream, onto medium or low Voltage wires to busi 
nesses and homes. Through advanced electronic equipment, 
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the signal makes its way to Industrial parks and neighbor 
hoods. Customers may then gain access via a VLEC Source 
and ferry the data back and forth to their computers through a 
Client VLEC Dongle or other appropriate adapter. 
0028 AVLEC designed in accord with the teachings of 
the present invention may interface with new or existing 
building internal electrical wiring. By positioning architec 
tural lighting fixtures that dual as VLEC transceivers, a build 
ing space may be efficiently illuminated while accomplishing 
high-speed secure wireless data communication. The LEDs 
that are incorporated into VLEC transceivers are environmen 
tally friendly and relatively insensitive to atmospheric condi 
tions LEDs can be configured as directional lights by provid 
ing or incorporating various lenses or reflectors, or may 
alternatively be configured as omni-directional lights for 
room lighting purposes. The room lighting colors of a VLEC 
can be made to mimic traditional lighting of today, including 
intensity, color, and color temperature. AVLEC has the added 
benefit of communicating by pulsing the LEDs in Such a way 
as to communicate data at nearly the same rate or capacity as 
modern fiber optic channels. 
0029 Embodiments designed in accord with the teachings 
of the present invention may fully integrate into existing 
networks and infrastructures presently in use. Security and 
access levels will be controlled on the backend of the network 
by employing known equipment Such as a firewalls, routers 
and hubs. Embodiments of the present invention are meant to 
improve and compliment communication areas that fall short 
in today's existing infrastructure, from full duplex communi 
cations of Voice to ultra high speed broadband packet data 
transfers from full motion video, on highly reliable, scalable, 
stable and fully redundant infrastructures. Most deployments 
are easily started by taking advantage of existing infrastruc 
tures and applying low cost fill-in or gap solutions. Many 
modulations schemes available today, such as CDMA, 
OFDM, TDM, PWM, PPM, PDM, AM, BPSK and specific 
layers of QAM, to name a few, may be used in conjunction 
with the present invention. Access BPL and In-house BPL 
capacity, including both governmentally licensed and unli 
censed BPL/PLC apparatus and methods, may augment the 
present invention in a quest for a complete system design. 
Low-power, unlicensed BPL/PLC systems may be used to 
provide high speed digital communications capabilities by 
coupling RF energy onto the power lines inside a building. In 
addition, higher speeds than available from existing. Access 
BPL technology may be obtained in the preferred embodi 
ments by encasing the electrical wire in conduit, thereby 
implementing. Shielded BPL (S-BPL) in accord with the 
present teachings S-BPL as taught herein prevents or further 
reduces unwanted Electro-Magnetic Interference or Radio 
Frequency Interference (EMI/RFI) and thereby may provide 
higher data speeds for a variety of applications using VLEC 
embodiments. 

0030 The present invention combines visible light gen 
eration and control with embedded communications capacity. 
0031. The present invention capitalizes on existing infra 
structure, with simple replacement of existing luminary 
devices and incorporation of S-BPL transceivers or the like, 
to achieve visible light generation and control with embedded 
potentially large bandwidth communications capacity. 
0032. The present invention integrates a variety of prior art 
communications functions into a single system, Such as Secu 
rity, safety, HVAC and other diverse functions. 
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0033. The present invention monitors and anticipates the 
need for a limited space or room within a building. 
0034. The present invention provides several types of 
communications with a room and electrical devices therein, 
including audible, visual and optical LED communications. 
0035. The present invention includes the use of visible 
light as the communications channel between client and host, 
which offers security, reliability, system testing and configu 
ration, bandwidth, infrastructure, and mobility, among other 
things. Yet another advantage of the present invention 
improves security, because light does not go through walls, in 
contrast to radio communications, and steps can be taken to 
obstruct visible transmissions with a much greater certainty 
than with high frequency radio waves. 
0036. The present invention provides ability to limit or 
direct visible light by known optical components such as 
lenses and reflectors to selectively form beams, as opposed to 
omni-directional transmissions. 

0037. The present invention reduces interference 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. 
0038. The present invention simplifies set-up, testing, 
troubleshooting and the like of a communication system. 
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 convenience of this visible light 
system adds up to greater mobility and less cost. 
0039. The present invention provides relatively high 
energy outputs where desired using the preferred visible light 
communications 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. 

0040. The invention enables individual or selected groups 
of lights to be selectively configured for optimal physiologi 
cal and psychological effects and benefits for one or more 
applications, and then be readily reconfigured without 
changes to physical structures for diverse applications having 
different requirements for optimal physiological and/or psy 
chological effects and benefits. 
0041 As a corollary thereto, the present invention pro 
vides individually addressed lamp units, permitting extreme 
flexibility in control and interactive systems. 
0042. The present invention reduces the need for extrinsic 
redundancy through the novel selection and placement of 
apparatus. 
0043. The present invention is highly reliable presence 
and identity detection, and the operation responsive thereto of 
illumination, communication and security functions. 
0044) The present invention has the capacity to provide 
low power communications for energy management, emer 
gency back-up, security and special applications utilizing 
alternative power Sources such as batteries or Solar cells. 
0045. The present invention reduces peak inrush current 
by controlling the timing of illumination and other equipment 
start-up. 
0046. The present invention incorporates of real time 
locating systems for humans, permitting electronic monitor 
ing and locating in or after emergency situations, or for simple 
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real-time locators. Similarly, inanimate objects may be 
tracked and accounted for automatically, using less Sophisti 
cated communications tags. 
0047. The present invention also has sufficient communi 
cations bandwidth to incorporate Smart video integration. 
0048. The present invention has the ability to provide 
embedded communications through visible light, whether or 
not the visible light is at an intensity great enough for Suffi 
cient duration to be detected by the human eye. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049. The foregoing and other objects, advantages, and 
novel features of the present invention can be understood and 
appreciated by reference to the following detailed description 
of the invention, taken in conjunction with the accompanying 
drawings, in which: 
0050 FIG. 1 illustrates by front environmental view an 
embodiment of a visible light embedded communications 
apparatus having a personal communications badge in com 
munication with an LED optical light panel in accord with the 
teachings of the present invention. 
0051 FIG. 2 illustrates by detailed bottom view a part of 
the LED optical light panel of FIG. 1. 
0052 FIG.3 illustrates by detailed front view the personal 
communications badge of FIG. 1. 
0053 FIG. 4 illustrates by block diagram an electrical 
schematic of a host within an S-BPL communications system 
in accord with an embodiment of the present invention. 
0054 FIG. 5 illustrates by front environmental view an 
embodiment of a visible light embedded communications 
apparatus having a personal communications badge and opti 
cal dongle in communication with an LED optical light panel 
in accord with the teachings of the present invention. 
0055 FIG. 6 illustrates by front environmental view an 
embodiment of a shielded visible light embedded communi 
cations apparatus implemented within a multi-story building 
in accord with the teachings of the present invention. 
0056 FIG. 7 illustrates by block diagram an electrical 
schematic of an S-BPL communications system including a 
plurality of hosts and clients in accord with an embodiment of 
the present invention. 
0057 FIG. 8 illustrates by hierarchal chart an illustrative 
sample of the types of data communications to which the 
teachings of the present invention may be applied, either 
singly or in any combination. 
0058 FIGS. 9-11 each illustrate by hierarchal chart a 
single application of the teachings of the present invention. 
0059 FIG. 12 illustrates by block diagram an electrical 
schematic of a BPL communications system including a plu 
rality of hosts arranged in parallel in accord with an embodi 
ment of the present invention. 
0060 FIG. 13 illustrates by block diagram an electrical 
schematic of a BPL communications system including a plu 
rality of hosts arranged serially and incorporating optical to 
optical transmissions in accord with an embodiment of the 
present invention. 
0061 FIG. 14 illustrates by block diagram an electrical 
schematic of an S-BPL communications system including a 
plurality of hosts and further having an emergency illumina 
tion and embedded communications mode and apparatus in 
accord with an embodiment of the present invention. 
0062 FIG. 15 illustrates by block diagram an electrical 
schematic of a VLEC transceiver in accord with an embodi 
ment of the present invention. 
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0063 FIG.16 illustrates by block diagram an embodiment 
of a data packet in accord with an embodiment of the present 
invention. 
0064 FIG. 17 illustrates a waveform of a visible light 
emission from an active and visually illuminated LED in 
accord with an embodiment of the invention. 
0065 FIG. 18 illustrates a waveform of an invisible or 
barely perceptible light emission from an active and dark 
LED in accord with an embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0066. In accord with the teachings of the present inven 
tion, a Visible Light Embedded Communications (VLEC) 
apparatus will most preferably incorporate several terminal 
components FIG. 1 illustrates an exemplary combination of 
terminal components, including a communication badge 100 
and a VLEC Light Emitting Diode (LED) light panel 200. 
Communication badge 100 and LED light panel 200 are 
coupled through an optical communications channel 300. 
Badge 100 is pinned to, affixed with or otherwise transported 
by a person 10, in the embodiment as illustrated as a replace 
ment for standard security identification badges. 
0067 Badge 100 is illustrated in greater detail in FIG. 3, 
and may include external features commonly found in stan 
dard security identification badges, including but not limited 
to such attributes as a photograph 110 of the person assigned 
to the badge, and indicia Such as employee identification or 
number 120, name 122, and business or entity logos 124. 
Business or entity logos 124, or other components may inte 
grate anti-counterfeiting technology as may be available or 
known for Such diverse applications as passports, driver's 
licenses, currency and other applications. Commonly used 
devices include holograms, watermarks, special materials or 
unique threads, and embedded non-alterable electronic, vis 
ible, Sonic or otheridentification codes. An optical transmitter 
130 and receiver 132 are most preferably provided and enable 
communication over optical communications channel300. A 
microphone, loudspeaker, microphone and speaker combina 
tion, or dual-purpose device 140 may be provided to integrate 
an auditory communication channel between communication 
badge 100 and nearby living beings or other animate or inani 
mate objects. A video camera 142 may be incorporated to 
capture video or still pictures. A video display 150 may addi 
tionally be incorporated into communication badge 100, per 
mitting information 152 to be displayed thereon, which could 
for exemplary purposes could comprise either text or graph 
1CS 

0068 Communication badge 100 communicates with 
VLEC LED light panel 200. LED light panel 200, illustrated 
by magnified view in FIG. 2, has a body 205 that incorporates 
at least one, and preferably a plurality of LEDs and optical 
detectors. One or more optical detectors 220 may be pro 
vided, and may either be broad spectrum detectors or alter 
natively color-filtered or sensitive to only a single color. The 
detector will be any of the many known in the art, the particu 
lar selection which will be determined by well-known con 
siderations such as sensitivity, reliability, availability, cost 
and the like. 
0069. As illustrated, LEDs are in clusters of three. In 
accord with the present invention, these LEDs are RGB 
LEDs, designating that they include red, blue and green 
which are the primary additive colors from which all other 
colors including white may be produced. For exemplary pur 
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poses only, LED 210 may generate red light, commonly of 
approximately 650 nanometer wavelength, LED 212 may 
generate blue light, commonly of approximately 475 nanom 
eter wavelength, and LED 214 may generate green light, 
commonly of approximately 565 nanometer wavelength. 
LEDs 210-214 may be discrete components, or may alterna 
tively be integrated onto a common die and take 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, as may be deemed most appropriate by a manufac 
turer. A plurality of RGB LEDs may also be provided upon or 
within a single body 205, as illustrated in FIG. 2 by RGB 
LEDs 210", 212 and 214" 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. 
0070. By controlling the relative power applied to each 
one of the RGB LEDs 210-214, 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 alterna 
tively controlling how many closely adjacent dots of one 
primary color are fully illuminated relatively to the other two 
primary colors. 
(0071. Through the use of RGBLEDs, color temperature of 
an LED light panel 200 may be adjusted or controlled, and 
may be varied in real time without making any hardware or 
apparatus changes. Instead, power applied to the RGB LEDs 
is adjusted to favor one or another of the RGB LEDs 210-214. 
Since the light emitted from the RGB LEDs is approximately 
full-spectrum light, the color-rendering index may also be 
relatively high, particularly when compared to mercury or 
Sodium vapor lamps, making the light feel very natural. 
0072 While human eyes are substantially more tolerant of 
visible light, and while visible light intensity is readily dis 
cerned by humans, there is some description in the prior art of 
potential hazards associated with extreme intensity blue 
wavelength illumination. In an embodiment of the invention, 
safeguards may be programmed or designed into the control 
of RGB LEDs 210-214 to prevent occurrence of conditions 
that could lead to blue-light hazard or other safety hazard that 
might potentially exist. 
0073 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 300 is created between LED light panel 200 and one 
or more communications badges 100, higher data transfer 
rates may be obtained with more rapid control of illumination 
levels. Consequently, if phosphors are used in the generation 
oflight from LED light panel 200, and if faster data exchange 
rates through optical communications channel 300 are 
desired, these phosphors will preferably be very fast lighting 
and extinguishing. 
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0074. A variety of physical and electrical configurations 
are contemplated herein for LED light panel 200. As illus 
trated in FIG. 1, light panel 200 may replace a standard 
fluorescent tube light fixture. This may be accomplished by 
replacing the entire fixture such that ballasts and other devices 
specific to fluorescent lighting are replaced. In many cases, 
this will be the preferred approach. The fixture may then be 
wired for any suitable or desired Voltage, and where a Voltage 
or current different from standard line Voltage is used, trans 
formers or power converters or power Supplies may be pro 
vided. When a building is either initially being constructed, or 
so thoroughly remodeled to provide adequate replacement of 
wires, the Voltage may be generated in transformers that may 
even be provided outside of the occupied space, such as on the 
roof, in a utility room, basement or attic. In addition to other 
benefit, placement in these locations will further reduce 
requirements for air conditioning. 
0075. As efficiencies of light generation by LEDs are now 
beginning to Surpass fluorescent tubes, such entire replace 
ment is more economical. However, total replacement of such 
fixtures is not the only means contemplated herein. Any lesser 
degree of replacement is also considered in alternative 
embodiments. For exemplary purposes, the physical reflec 
tors commonly associated with fluorescent fixtures may be 
preserved, and the fixture simply rewired to bypass any bal 
lasts or starter circuitry that might be present. In this case, line 
voltage, such as 120VAC at 60 Hertz in the United States, may 
pass through the electrical connector pins LED base 205, in 
such case, may be designed to insert directly into a standard 
fluorescent socket, such as, for exemplary purposes only and 
not limited thereto, the standard T8 and T12 sockets used in 
the United States. In such case, either RGBLEDs 210-214 are 
arranged and wired to directly operate from line Voltage, or 
appropriate electronics will need to be provided directly in 
LED base 205 to provide necessary power conversion. In yet 
another conceived alternative embodiment, power conversion 
may be provided through Switching-type or other power con 
version circuitry to alleviate the need for any rewiring, though 
in these instances the power conversion circuitry will need to 
accommodate the particular type of ballast already in place. 
0076. Where other types of fixtures already exist, such as 
standard incandescent Edison screw bases, LED bulbs may 
similarly accommodate the fixture. For incandescent replace 
ment, no rewiring or removal of ballasts is required, since line 
Voltage is applied directly to incandescent fixtures. Conse 
quently, appropriate conversion may in one conceived alter 
native embodiment simply involve the replacement of a bulb 
with no fixture or wiring alterations. 
(0077. For LED light panel 200 to replace an existing bulb, 
regardless of type, and benefit from the many features enabled 
in the preferred embodiment, communications circuitry must 
also be provided. This communications circuitry is necessary 
to properly illuminate each of the red, green and blue LEDs to 
desired color, to transport data through optical communica 
tion channel 300. 

0078 FIG. 4 illustrates a simplified block schematic dia 
gram of an electrical circuit used to couple power and data to 
one or a plurality of LED light panels 200. Power 406, which 
may be either AC or DC current is coupled through a Broad 
band-over-Power-Line (BPL) integrator 400 with data 402. 
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 
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network entirely within an office space, building, or business. 
The data signals may additionally or alternatively arise 
through communication 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 telecom 
munications links, satellite connections, DSL connections, or 
even Internet 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 signals may further arise through communications 
with the Internet. The origin of the data signals is not critical 
to the operation of the present invention, but may include 
various computer outputs such as might, for exemplary pur 
poses, include control processor output or network connec 
tions such as commonly found on Local Area Networks 
(LAN), Wide Area Networks (WAN) or through the Internet. 
007.9 FIG. 5 illustrates an embodiment of the invention 
similar to FIG. 1, but with an additional device serving as a 
client. As illustrated, in addition to badge 100, a computer 70 
may further be coupled to a host 200 through an optical 
dongle 80. When more than one client is potentially coupled 
through a common host 200, and is potentially using the same 
communications channel therein as another client, known 
multiplexing or network communications techniques must be 
implemented. Among these, but certainly not limited thereto, 
are such techniques as static or dynamic assignment of unique 
communications channels, or Time-Division Multiplexing 
(TDM) of a single channel with appropriate collision resolu 
tion. Additionally, FIG. 5 illustrates the possibility of provid 
ing an outlet 26 coupling BPL signals or the like to a host 200. 
0080. As FIGS. 6 and 7 further illustrate, communication 
can further be shared with optically-enabled name tags 100, 
telephones, TV and music, Internet, public address, comput 
ing devices of all sorts, ranging from hand-held devices Such 
as Personal Digital Assistants (PDAs) 74 to massive main 
frame computers 60, and including Personal Computers 
(PCs) 70, 72, printers 76, network storage devices 65, build 
ing maintenance wiring Such as thermostats, HVAC systems, 
fire alarms, motion detectors, and any other electrical or elec 
tronic apparatus existing or appearing within the room or 
space, other security and safety devices, appliances, manu 
facturing machinery, and so forth. Essentially, any device 
which incorporates or can be made to incorporate Sufficient 
electronic circuitry may communicate with VLEC host 200 to 
exchange information at any time. Advantageously, many 
different conditions or devices may be simultaneously moni 
tored and/or controlled when they are broadcasting informa 
tion through the preferred network, because they are operat 
ing on a wide-bandwidth optical link. This information can be 
used anywhere on the network, which includes the other 
rooms or a central server. 

0081. In accord with a preferred method of the invention, 
LEDs are used to transmit through optical communication 
channel 300 several kinds of data, including identity, loca 
tion, audio and video information. The use of an optical 
communications link provides large available bandwidth, 
which in turn permits multiple feeds of personal communi 
cation between LED light panels 200 and badges 100 or other 
clients in bandwidths 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 may not be 
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able to detect any visible changes as the data is being trans 
ferred. Additionally, because optical illumination is con 
strained by opaque objects such as walls, the location of a 
badge 100 and associated person 10 can be discerned to a 
particular room, hallway or other similar space. In contrast, 
prior art GPS systems and cellphone triangulation techniques 
are typically only accurate to one or several hundred feet. 
Horizontally, this prior art precision is adequate for many 
applications. However, 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, as illustrated in FIG. 6, therefore has much more 
exact pinpointing than previously possible. 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 simulta 
neously. As noted, the large bandwidth permits video signals 
to be integrated with badge 100 location and movement, 
providing the opportunity to create audio-video records that 
are fixed in time and location. 
I0082 Since location may be relatively precisely dis 
cerned, optical transmitter 130 or LEDs 210-214 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 to facilitate the meeting and connection of 
individuals. To achieve these objectives, a building needs to 
be wired only for lights, saving a huge infrastructure cost of 
other wires and fixtures. 

I0083 FIG. 6 additionally illustrates Broadband-over 
Power Line (BPL) transmission of signals through an electri 
cal distribution panel, such as a circuit breaker panel 50 or the 
like. Preferably, power line wiring from panel 50 is enclosed 
in conduit 55, thereby shielding the BPL signals to produce 
S-BPL (Shielded BPL). 
I0084. In accord with the teachings of the present inven 
tion, a visible light transceiver can take many shapes and 
forms while still offering the duality of general lighting and 
communication. As FIG. 7 illustrates, one of many possible 
geometries includes a general 2x2 office VLEC lighting fix 
ture 200 configured with LEDs. These installed fixtures 200 
will be considered host fixtures for an internal network of 
communication. 
I0085. The host fixtures 200 may be configured to manage 
the relationship of client devices associated with this technol 
ogy. They can also manage peer to peer relationships to pro 
vide redundancy or act as part of an infrastructure Void of 
multiple transport medium interconnects. The host 200 may 
provide intelligent packet analysis whereby false or inadvert 
ent light photons can be discarded. The means of recognition 
or validation can be provided by multiple checks and verifi 
cations. The VLEC host fixtures 200 and clients will each be 
assigned a unique Machine Access Code and Electronic 
Serial Number. The Machine Access Codes and Electronic 
Serial Numbers will be assigned by the certified manufactur 
er's plant and matched against a unique relationship table 
residing on various certified servers. The client devices may 
then move about a LAN, an entire office building, a WAN or 
other network and achieve maximum throughput rates similar 
to that of the location they originated. An added benefit of the 
preferred visible light embedded communications comprised 
by optical communications channel 300 is that, with 
increased bandwidth, back end software for synchronizing 
data on PDAs and other mobile devices may be improved by 
almost 5 fold over RF applications as the transport mediums, 
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changing the communications channel bottleneck from RF, 
and potentially with fiber optics becoming the new bottle 
neck. 

I0086 FIG. 8 illustrates many different types of exemplary 
communications that may be provided incorporating the 
VLEC technology of the present invention Access to the 
WorldWideWeb will be enabled through network access 510 
to allow users the benefit of web surfing VLEC technology 
allows this access to be untethered and nomadic, even though 
beyond a building or space the network access 510 may be 
further coupled using conventional cable 512. Internet Ser 
vice Provider (ISP) 514 links such as satellite or dial-up, DSL 
516, or other suitable link 518. AV communications 520 may 
include various device interface applications 530 such as 
appliance communications or manipulation 532 and auto 
mated manufacturing 534 HDTV 540 is further contem 
plated, including mobile HDTV 542, mobile gaming 544 and 
interactive TV 546, but other types of video are additionally 
contemplated herein, including Slow-Scan TV (SSTV) or 
other known systems for capturing video information. Tele 
communications and personal communications may further 
be enabled, for exemplary purposes using Voice Over Internet 
Protocol (VOIP)550 and mobile voice 552. Other A/V appli 
cations are generically identified at 560. In another contem 
plated communications category, tracking data 570 may be 
gathered and used based upon the unique addresses assigned 
to VLEC host fixtures 200. The hacking information may be 
used for energy management 572, Global Positioning Satel 
lite Routing Systems (GPSRS) 574, security 576, and other 
tracking applications 578. While communications are con 
ceived as occurring between a plurality of hosts and clients 
simultaneously, in many instances one client will only be 
coupling one data stream at a time with a host. To better 
illustrate this, FIGS. 9-11 illustrate examples of single data 
category exchanges that might occur between a host and 
client. 

0087 Considering FIG. 11 in more detail, and to better 
illustrate the depth of the present invention, core VoIP net 
works can be installed and integrated into the BPL network 
and provide a new form of untethered communications. A 
VLEC to Landline voice call can originate on a client VLEC 
device and if not connected to the wall can become mobile or 
nomadic as desired. This ability arises as the VLEC infra 
structure would search for active, verified and validated cli 
ents in its network under layers 1 thru 4 of the well-known 
OSI model incorporated herein by reference, which include 
the physical, data-link, network and transport layers. These 
layers 1-4 are preferably insulated from the session, presen 
tation and application layers 5-7. Certain Intelligent VLEC 
fixtures will provide the path to allow the origination of the 
voice call. As the VLEC client device moves from the origi 
nating fixture to the next fixture, the back end software will 
detect, verify and establish the channel for the client device to 
use. The distance of the client device will be measured 
according to the designed calculations of light photons 
according the engineering team for the best signal and when 
this is achieved an instruction to provide connectivity through 
this light is issued. In this case, our particular light will be 
referred to as the Edge VLEC. Multiple Edge VLECs are 
often designed into the network where voice calls are desired. 
The Edge VLEC fixtures will then hand off to the next VLEC 
source that is built into the relational database and continue 
the call. If the originating call moves towards a predetermined 
area that is considered outside of the VLEC coverage and the 
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VLEC client device is capable of handling RF communica 
tions, then the call can then be set up to contact an RF carrier 
of choice and begin setting up the call as a cellular event. This 
would mitigate the amount of RF coverage required to pro 
vide a more robust voice cellular network. An additional 
feature unique to the VLEC technology with respect to cel 
lular communications is the optional inclusion of an ultra-fast 
virtual location register that is integrated into various parts of 
the network, thereby reducing the latency inherent in today's 
cellular networks. A faster verification of electronic serial 
numbers is established in this database, thus improving on the 
time to re-establish voice or data connections. This ultra-fast 
virtual location register is part of the Virtual Location Regis 
ter and Host Location Register will be integral in the voice 
and data communications. 

I0088. If the originating call then wishes to establish a 
VLECVoIP to VLECVoIP call, the call would be handled by 
the IP network as a typical VoIP to VoIP call over the Extranet, 
Intranet or Internet as performed today. As the caller moves 
about the office, the IP network will again manage the call 
against light photon strength and, when conditions are met, 
handoff the call from one VLEC source to the next. As the call 
is torn down, the validation including digits dialed, origina 
tion Source, destination Source, port and IP address, type of 
client device, fixture device used for origination, type of call, 
duration of the call, charges if applicable for the type of call, 
circuits used if roaming onto the cellular network may all be 
stored into a data record similar to the call detail record of a 
standard telephone call. In regards to a pure data session, the 
VLEC client device will establish its connection through the 
VLEC light fixture which may be plugged into the wall and/or 
installed as a general lighting unit. The connection will be 
established upon the customary protocols of today, again 
using layers 1 thru 4 of the OSI Model. Once the connection 
is made, the client is free to moveabout within the confines of 
the designed network area while maintaining required 
throughput rates. As this device enters another area of mul 
tiple client devices being served by the VLEC technology, we 
see the bottleneck of this service developing on the back end 
infrastructure. 

I0089. As home devices utilize this same technology, com 
mon replacements of incandescent bulbs with VLEC technol 
ogy is anticipated, thus providing interaction similar to those 
applied in business. 
(0090. The NIIA refers to devices as the following, Section 
15 109(a), Class-A equipment includes devices marketed for 
use in a commercial, industrial or business environment, 
excluding devices which are marketed for use by the general 
public or are intended to be used in the home. Class B equip 
ment includes devices marketed for use in a residential envi 
ronment, notwithstanding use in commercial, business and 
industrial environments. The rules require Access BPL sys 
tems to comply with the limits for Class A or B devices 
depending on whether they are marketed for use in a com 
mercial, industrial or business environment on the one hand 
or for use by the general public or in the home on the other. 
Under this Class A/Class B regime. Access BPL systems that 
operate on medium Voltage lines external to residential envi 
ronments are considered Class A devices. In one embodi 
ment, a VLEC host 200 will interface with the majority of all 
medium Voltage systems available commercially today. 
Referring to new lights as hosts 200 and mobile or nomadic 
devices as clients, VLEC technology can simply replace the 
last mile connection or interconnection for the clients use 
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VLEC host 200 will house intelligence necessary to provide 
visually barely perceptible pulses of light for use by client 
devices. Environments and equipment sensitive to RF propa 
gation will find benefit from this technology, as a VLEC host 
200 will operate safely, and will not disturb or interfere with 
RF devices in the area. Certain metallic designs often prevent 
RF from penetrating, where VLEC can perform with success. 
By way of the present VLEC technology, the area of infor 
mation propagated by LEDs may be more accurately con 
fined or focused safely and without harm to the environment 
or humans. 
0091 FIG. 12 illustrates one possible configuration of net 
work related components in combination with one possible 
configuration of VLEC related components. As illustrated 
therein, the Internet 510 may be accessed through a router 
502, which might, for exemplary purposes, be coupled 
through a hardware or software firewall 504 to a standard 
office LAN and switch 506. While not illustrated, firewall 504 
may also optionally be provided between router 502 and BPL 
interface 400. From BPL interface 400, a plurality of VLEC 
hosts 200 may be provided, each directly coupled to BPL 
interface 400. In contrast, FIG. 13 illustrates a plurality of 
VLEC hosts 200, only one which is directly wired to BPL 
interface 400, the remainder relying upon optical-to-optical 
communications between VLEC hosts 200. In other words, 
the present invention contemplates not only directly wiring 
each VLEC host 200 to BPL interface 400, but where desir 
able providing wireless VLEC communications between 
VLEC hosts 200, such that a communication from a client 
may pass through one or more optical-to-optical links before 
being coupled into a wired link. 
0092. In accord with one embodiment of the invention 
shown in FIG. 14 and similar to that illustrated and discussed 
with reference to FIG. 6, the wiring 410 between S-BPL 
interface 401 and LED light panels 200 is shielded by passing 
through a conduit 411 or the like and any appropriate junction 
boxes 412, defining a Shielded Broadband-over-Power-Line 
(S-BPL) connection that is both resistant to interfering com 
munications and also produces almost no radiant energy. 
0093. The present invention illustrated in FIG. 14 also has 
the capacity to provide low power communications for energy 
management, emergency back-up, security and special appli 
cations utilizing alternative power sources such as batteries 
404 or solar cells. Since each individual LED light panel 200 
may be separately controlled, unnecessary lights may be 
extinguished in an emergency. Remaining lights such as LED 
light panel 200' through a single illuminated substrate 205 
may be used to signal emergency routes which may be emer 
gency exits, predetermined shelter Such as in the event of a 
tornado, safe locations potentially determined in real time in 
the event of an intruder or other hazard. The remaining lights 
may also or alternatively be used to maintain nominal com 
munications channels within the building. The signals in Such 
instance may be unable to be carried through powerlines, and 
so may alternatively be implemented through an optical-to 
optical repeater function from one light to the next Such as 
described with reference to FIG. 13, to travel entirely through 
a chain of LED light panels 200. Additional Emergency 
Lighting Devices (ELD) 230 may also be controlled by a 
Suitably designed battery back-up, controller, rectifier and 
inverter module 403. 

0094. While bandwidth may be relatively limited in the 
case of open wiring interspersed with other wires or adjacent 
to other sources of EMI/RFI, several additional circum 
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stances may pre-exist or may be provided to boost the band 
width of a system designed in accord with the present inven 
tion. In one embodiment, all or many BPL wires are shielded 
within a conduit 411 or other suitable shielding, most prefer 
ably for the entire distance between BPL interface 401 and 
each VLEC host such a LED light panels 200. Such shielding 
results in the preferred S-BPL communications channel, 
which is anticipated to have higher bandwidth capability than 
provided with open and unshielded wires. 
0.095 Relatively recently, artisans have also proposed 
using so-called E-lines for extremely high bandwidth, low 
attenuation transmission. Such transmission schemes are, for 
exemplary purposes, proposed in U.S. Pat. Nos. 6,104,107 
and 7,009,471, the entire contents of each being expressly 
incorporated herein by reference. While the present invention 
is fully operational using known or well-established trans 
mission techniques and resulting bandwidths, and so is com 
pletely independent of whether these E-line transmission 
techniques work and are applicable or not to the present 
invention, the present invention further contemplates 
improvements to bandwidth using useful and functional 
transmission techniques and the incorporation of the same 
where operationally suitable. 
(0096 FIG. 15 illustrates that a Visible Light Embedded 
Coded (VLEC) System features can include the responsibil 
ity for the validation of client devices by means of recogniz 
ing the client, then verifying the client against a small inte 
grated relational look-up table. If the client device is foreign 
to the VLEC fixture, a verification request is then sent to a 
certified and redundant host core recognition service outside 
the network. This is similar to today's telecommunications 
networks. The client devices can be activated and de-acti 
vated by many forms. One Such way involves 2 steps. 
0097 Step one is to power on the device. Step two is when 
the device must be authenticated and validated by the host 
look-up tables, which will provide permission levels depend 
ing on the requirements. The result of an unauthorized device 
will activate several processes. One, deactivate the client or 
host device. The second is to relay real-time location infor 
mation about the device to the proper authorities. 
(0098. An S-BPL transceiver 200 is provided to receive and 
transmit data from/to the S-BPL enabled electrical circuit. 
The particular interface implemented may vary. Currently a 
number of existing interfaces could be used. Such as Univer 
sal Serial Bus (USB), Ethernet, Media Independent Interface 
(MII), etc., and the particular choice of interface could further 
depend on the S-BPL transceiver used, as will be apparent to 
those skilled in the art. 
(0099. A Digital Signal Processor or the like 230 is pro 
vided for program control that can transmit/receive data 
to/from BPL communication network 201 through BPL 
transceiver 200 the Digital Signal Processor in an embodi 
ment may respond to commands received on a network 
through S-BPL coupling 240 to manipulate enable circuitry 
204, and may also issue commands or send data to network 
201 if needed. If the transmit portion of enable circuitry 204 
is enabled, these commands/data will also be passed to the 
optical link. 
0100 Enable circuitry 204, may in one embodiment be 
enabled to turn on or off the LED optical transmitter 250, as 
well as change the characteristics of the light, such as bright 
ness and even color mix when multicolor LEDs are used. This 
is useful for things such as decorative lights, annunciators or 
an emergency light, which may provide a visual indicator for 
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things such as tornado, lock-down, fire, movement, etc. The 
Digital Signal Processor circuitry 230 may also manipulate 
the ability for BPL or any other medium transport known arts 
of communication network 201 to send and/or receive data to 
or from another adjacent optical link. This feature would 
provide the ability for the VLEC host to act as a client as well. 
0101 Driver circuitry 250 and LED(s) 210-214 will pass 
any signals to any optical link for other devices designed to 
communicate. Driver circuitry 250 may, in the preferred 
embodiment, simply be appropriate buffering, isolation, 
modulation or amplification circuitry which will provide 
appropriate Voltage and power to adequately drive LED emit 
ter 210-214 into producing a visible light transmission. 
Exemplary of common driver circuits are operational ampli 
fiers (Op-amps), transistor amplifiers AND gates and NAND 
gates, though those skilled in the art of signal conditioning 
will recognize many of the optional circuits and components 
which might optionally be used in conjunction with the 
present invention. Also, it is desirable to use a modulation 
scheme with the signal So as to provide the intended design of 
duality as a general lighting fixture. The transmit circuitry 
may have to provide a means of modulation in this case, also 
preferably incorporated into driver circuitry 250. 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 other derivatives of 
QAM schemes in the known arts. 
0102 Similar to but preferably complementary with the 
transmission circuitry, receiver circuitry 222 receives data 
from the optical link detected by photo sensor 220. Receiver 
circuitry 222 will appropriately amplify, and may further 
convert a data bearing electrical signal into Binary or Digital 
pulses. As but one example of Such conversion, receiver cir 
cuitry 228 may additionally demodulate a data beating elec 
trical signal, if the data stream has been modulated by an 
optical host. A suitable sampling circuitry 226 and discrimi 
nator 224 will condition the data bearing electrical signal to 
yield appropriate and pre-determined information as a 
received data signal. The data bearing electrical signal is then 
demodulated by 222 and passed onto the DSP circuitry. From 
here the signal will contain protocol and payload packets that 
will propagate back onto the BPL Medium infrastructure via 
known art applications. 
0103 FIG. 16 illustrates a sample data packet 260 that 
might for exemplary purposes be used to communicate data 
through a preferred VLEC apparatus. Data packet 260 might 
include a CTS (Clear To Send) header 261, followed by 
validation 262. The main data content will be carried within 
payload 263, followed by a destination identifier 264, 
acknowledge 265, and packet verify 266. These components 
are well-known to those skilled in the art of data communi 
cations and will not be further repeated herein, as the exact 
content of the data packets is not critical to the invention, nor 
necessary to enable those reasonably skilled in the field. 
0104 FIGS. 17 and 18 illustrate different VLEC pulsing 
schemes 270 and 280, respectively, depending upon desired 
visible illumination levels FIG. 17 illustrates a series of pulses 
271-276 which, if averaged, are generally illuminating an 
LED through more time than not. The human eye produces a 
chemical process that averages the amount of light through 
time to provide descriptive visions interpreted by the brain. 
With enough pulses of long enough duty cycle, the human eye 
will discern illumination. The level of illumination can be 
controlled by amplitude or duty cycle variations, as may be 
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preferred, preferably selected in such away as to not interfere 
with a particular data modulation scheme. 
0105. In contrast to VLEC pulsing scheme 270, the ultra 
low duty-cycle lighting communications pulsing scheme 280 
of FIG. 18 intentionally reduces the duration of each pulse 
281, 282 relative to the duration 283 between pulses. This in 
turn Substantially reduces the duty-cycle, and can be used to 
dim or visibly extinguish an LED, while still providing com 
munications through the LED. When extinguished, the dura 
tion of a pulse is shortened just enough to provide space for 
valuable information and the time between pulses are 
extended adequately to be undetectable by the human eye. 
0106 Ultra low duty cycle lighting technology can work 
positively by continuing to provide critical data to networks 
and people. With the appearance of being turned off, the 
lighting network can continue to communicate information. 
A second valuable trait is the very low energy consumption of 
this technology. This can be useful in a power outage, and so 
might preferably be implemented in combination with the 
apparatus of FIG. 14. The ability to communicate information 
in dark rooms is further beneficial as part of a energy conser 
Vation effort, since less energy is being used for illumination. 
Further, this ability may be very beneficial with regard to 
security, since an unauthorized person entering a room will 
not trigger light to become visible until that person or entity is 
removed. Further, if the unauthorized person brings a por 
table illumination source Such as a flashlight, optical detector 
220 may detect the additional illumination and signal unau 
thorized presence. 
0107 While the foregoing discussions reference the illu 
mination of a single LED or RGB LED, further contemplated 
herein is the separate control of a large number of LEDs. In 
such case, where full illumination is desired, several LEDs 
may be providing the same, while a separate LED handles 
communications. Likewise, in the case of an ultra low duty 
cycle demand, communications may be divided among a 
plurality of LEDs, thereby reducing the on-time percentage 
required within any individual LED, thereby permitting more 
data to be transferred without perceptibly increasing the illu 
mination level from an individual LED 

Exemplary Applications 

0108. As illustrated in FIG. 8, the present Visible Light 
Embedded Communications technology is applicable to a 
very large number of quite diverse applications. The present 
discussions are presented as more extensive, but purely exem 
plary illustrations of how VLEC may be applied in different 
situations and in different industries. 
0109. In the field of energy management, controlling 
lights, HVAC and the like are easily recognized using VLEC 
technology. However, energy management is not solely lim 
ited 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 timing of illumination and other equipment start-up, elec 
trical draw may be gradually ramped up. Many devices ini 
tially draw more power at start-up than when operational. So, 
since each light is individually addressed and controlled and 
appliances or machines may similarly be controlled, the com 
munications 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 
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very quickly drop down to lower power draw. Even LED light 
panels 200 which serve as VLEC hosts 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 conditioning 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 communication through preferred LED 
light panels 200 or equivalents thereto. 
0110. 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 

Security 

0111. In accordance with another alternative embodiment 
of the present invention, building lighting may be modulated 
with time and date stamps or the like. Video recordings made 
within the space of modulated illumination will have an opti 
cal watermark automatically embedded therein. The embed 
ding of such identifiable signals ensures the integrity of video 
recordings made under these lights. 
0112 Building management in accord with another 
embodiment of the invention may further include automated 
Secured access control to apparatus Such as doors, drawers, 
electronic computer operations, cars, thermostats, and any 
other devices that may be electronically controlled. By means 
of LED communication, the location of unauthorized devices 
as well as persons can be tracked or polled by the system. 
Doors, either locked or unlocked, can be manipulated in 
response to the location or movement of these devices or 
persons. 
0113. When applying VLEC to tracking data as illustrated 
in FIG. 8, there exists a need to monitor assets throughout 
their journey. Intelligent tracking of client devices is applied 
by following a product, client device or asset through an 
infrastructure. An asset may be created and assigned a unique 
identifier only known by the manufacturer and the purchaser. 
The asset or entity will then be shipped to the purchaser and 
while in transit can be monitored by VLEC technology. Any 
unauthorized activity by an entity can be immediately 
assessed by security personnel. The exact location of the 
unauthorized incident will be known by the security system. 
Information containing the time, date and photo of the entity 
can included in the description field of the software. This 
information will then be conveyed via data broadcast prac 
tices across all channels associated with available infrastruc 
ture, whether within or exterior to a building. A video signal 
may further be employed through the VLEC infrastructure as 
well. Security cameras can additionally utilize the VLEC 
infrastructure. 
0114. If audio and/or video is additionally enabled, either 
through communications badges 100 or separate wall 
mounted devices, 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 destruc 
tion of property or life. 
0115. In the event of an unauthorized presence, and in 
accord with another embodiment of the invention, the present 
preferred apparatus may be used to detect and locate the 
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unauthorized person or object. When a building is dark, in 
many cases an intruder will rely upon a flashlight to move 
through the building. Most preferably, an optical detector will 
detect this unidentified light source. In such case, since the 
location of the optical detector is known precisely, the loca 
tion of the intruder is also known. Further, even as the intruder 
moves about, so the intruder will be tracked by virtue of the 
light emitting from the intruder's flashlight. General room 
lighting may intentionally be disabled if an unauthorized 
person enters into an area. The lighting Switch may be dis 
abled, rendering the room less accessible. 
0116. When emergency personnel are called to the build 
ing, LED optical transmitters 210-214 may be used to guide 
the emergency personnel to the exact location of the intruder. 
The emergency personnel may not be limited to police. As 
may by now be apparent, ambulance workers as well as police 
would appreciate flashing directional lights because quicker 
access to an emergency scene could potentially save lives. 
This custom guidance system can include red, white or other 
suitably colored or illuminated lights which may be steady or 
flashing for emergency situations. 
0117 Unauthorized vehicle access may be prevented or 
enforced by applying VLEC technology to automobiles. 
When a certain automobile enters into an area that cannot be 
penetrated by RF signals, VLEC technology will alarm 
appropriate personnel. All of this information is again stored 
in several certified databases for reference and look-up. The 
information in one database just a portion of the entire profile 
needed to validate the vehicle. 
0118. The present invention can additionally improve on 
today’s “intelligent vehicle occupancy services in many of 
today's vehicles by offering the advantage of appending to the 
motion detection technology with VLEC Ultra Low Duty 
cycle communications. The owner of a vehicle may be made 
aware of someone occupying the vehicle while the owner of 
the vehicle is still in a known location. The information would 
traverse a VLEC Ultra low duty cycle communications chan 
nel from the vehicle to another VLEC Host fixture in the 
garage or other vehicles, then traverse BPL infrastructure 
back to the office building where the location of the person is 
already known. Because of GPSRS technology described 
herein below, a reference or look up table may identify the 
exact location of the VLEC Host fixture and the exact location 
of the person that owns this vehicle, and alert the VLEC client 
device. 

Building Alterations or Remodeling 

0119 Using access or in-house BPL infrastructures, the 
present invention can utilize existing building wires to propa 
gate information thus reducing or minimizing the need for 
costly capital upgrades. Furthermore, light colors, color tem 
peratures, and light selection may all be controlled via Soft 
ware. Consequently, many alterations or remodeling may 
simply be or result in relatively minor software revisions. 
With proper placement of suitable fixtures at the time of 
construction, no new illumination or communications wiring 
or fixtures will need to be provided, permitting extreme flex 
ibility using primarily off-the-shelf components. 

Outdoor Applications 

0.120. The embodiments illustrated herein are generally 
complimentary for indoor or outdoor use. In outdoor use, 
existing street lights and older incandescent traffic lights may 
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be exchanged with modern LED lighting, enabling intelligent 
roadway systems using BPL or other information transporta 
tion mediums. Similar to indoor lighting designs, the Street 
lights may provide an information infrastructure within them 
selves as the VLEC technology is incorporated into them, 
thus providing a private or secure form of information trans 
fer. Existing metropolitan Street lights are used to complete 
network design communications to the everyday intersection, 
thus alleviating the need for extensive fiber optic cables to 
achieve the same results. Information assignment may addi 
tionally be controlled to specific areas, unlike Radio Fre 
quency communications. Massive bandwidths of information 
are available at every intersection, providing commercial, law 
enforcement and consumer needs and/or requirements. 
Moreover the cost for deployment is lower than alternative 
technologies, as the present invention is used for both infor 
mation and providing areas of lighting at significantly 
reduced capital cost verses the return on investment. Core 
network infrastructures will be improved by using the VLEC 
technology and replacing huge amounts of cables on the back 
end of the IT control rooms, 

Law Enforcement 

0121 Law enforcement and their effectiveness have 
always relied on the improvements of technology Vital infor 
mation, crucial to their role, has improved considerably over 
time. Unfortunately, today's law enforcement does not excel 
as much in certain areas since it relies primarily on the same 
medium principles and networks shared by the general pub 
lic. Again, capacity restraints or bottlenecks reduce the over 
all effectiveness for law enforcement as the government 
strives to make more frequencies available to meet consumer 
demands. Vast amounts of available light frequencies, with 
the ability to quadrant off chunks specific to a government 
agency using the technology, provides much new and unal 
located bandwidth. One example is the use of human aid 
signaling devices. An infrastructure consisting of VLEC 
devices in a Suburban environment can aid emergency per 
Sonnel by providing porchlights that serve dual roles as both 
general illumination and an emergency assistance locator and 
directing emergency official directly to the location with 
greater accuracy. 

Construction 

0122 Construction Zones will be made safer by use of the 
Visible Light Embedded Communication by enforcing the 
speed within construction Zone areas. This can be accom 
plished using existing Solar powered devices integrated to a 
VLEC device on a stick that can communicate back to host 
control centers located somewhere nearby. The VLEC tech 
nology may further be incorporated into automobiles. As 
vehicles enter into a construction Zone, the speed limit may 
then be communicated to the vehicle and either signal to the 
driver the reduced speed, or actually limit the vehicle to that 
speed. The vehicle will then be either more likely to be pass 
ing through at the required safe speed or in fact be limited 
thereto, thus reducing injuries to construction workers and 
pedestrians. 
0123 Excavation sites are sensitive to spurious RP signals 
which present a significant safety hazard thus limiting poten 
tially valuable communications in the area. Mining areas also 
present an increase in safety hazards with RF controlled 
devices. The presentVLEC technology presents no hazards to 
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Such environments VLEC technology applied to new mining 
devices will provide a increase in computing power and make 
for lighter, safer equipment by reducing or alleviating all 
communication cables 

Guidance 

0.124 Intelligent roadways may be constructed using 
LEDs and eventually incorporate the present VLEC technol 
ogy. This will permit sufficient bandwidth to provide more 
precisely mapped roadways, and provide the foundation for 
improving traffic management by alerting drivers and emer 
gency personnel of an accident or other traffic matter before 
they may come upon it. This information can then be trans 
ferred to the driver who would have the option of getting off 
at the nearest exit or begin slowing down the vehicle with a 
distance calculation device present in the vehicle and provid 
ing them with the exact location of the accident. The driver 
may even opt for the automated version of having their 
vehicle put into a safe driving mode and apply the brakes for 
them if they are within close proximity of the accident. 
0.125 Parking lots and garages may additionally have 
VLEC host fixtures attached so that client devices that are 
attached or carried by some form can intelligently assist and 
remind a driver of the exact location of a vehicle. Illumination 
schemes may be provided to further assist in the identification 
that can range for exemplary purposes from specific colors 
showing a path to the vehicle, to selectively illuminating 
vehicle lights, to user name activation when the user is within 
the pre-designed proximity of the vehicle. 

Medical 

0.126 Even with today's advances in Radio Frequency 
technology there still exist certain precautions in the medical 
field. Spurious RF emissions tend to interfere with sensitive 
medical equipment. Procedures involving Magnetic Reso 
nance Imaging continue and X-ray practices would find valu 
able uses with this VLEC technology by alleviating bulky 
information cables associated with today's design. This 
would save on valuable floor space in today's hospitals facili 
ties. The majority of medical field could utilize this VLEC 
technology by integrating with BPL technology. Hallways 
and areas of low population could have their lights governed, 
and thus reduce annual operating expenses by employing this 
as an energy management solution. Medical equipment will 
be able to take full advantage of VLEC technology coupled 
with BPL infrastructures as this intelligence is integrated into 
the operational methods of the equipment 

GPSRS 

I0127. Today's satellite navigated Global Positioning are 
augmented with the use of GPSRS. The burden on GPS 
satellites may be reduced by embedding unique identifier 
information and pre-documented exact location of an entity 
or asset. This GPS-based location may then improve location 
based services by providing real time location. Today's sat 
ellites update a location every 3 seconds. The information 
about the location of an entity or asset is always referenced 
back to a remote reference table. Current location measure 
ments using satellites also require 3 or 4 satellites to improve 
the triangulation methods needed for locating a place or 
entity. 
0.128 Location based services within a VLEC infrastruc 
ture will have the added advantage of improved and secure 



US 2009/0003832 A1 

content. One example is a consumer shopping mall where 
general consumers can walk around and discover the exact 
location of the goods or services they need. This is accom 
plished by simply providing a portal for any business to place 
information about their goods and services. The information 
is then incorporated into the BPL infrastructure by means of 
application controlling devices which link to the overall office 
or place of business VLEC grid. Another is in a major office 
complex where security personnel can identify personnel in 
other offices as they patrol the grounds by simply having the 
information provided to them in real time. With all business 
personnel having an assigned badge with VLEC technology, 
we can locate individuals in meetings and alert them if 
needed. Personal Navigation devices will have the added 
advantage of providing improved coordination and collabo 
ration methods by providing an increase in friend to friend 
location services. A friend to friend location services is an 
optional service where by a personal list of friends or family 
members equipped with VLEC technology GPSRS devices 
can be created in a database and that database is managed by 
the group participants. When needed they utilize a VLEC 
GPSRS client device that associates with a VLEC host and 
then with a connection of some form through a controller in 
the home that connects or interfaces over BPL to the Internet 
The information will then traverse the Internet and arrive at 
the predetermined location based on a designed collaboration 
(containing all Internet protocol addresses Subnets and ports 
designed for this purpose) by the friends involved to create 
this network. The controlling device will contain reference, 
relationship, awareness or look-up tables and establish in a 
millionth of a second, the location of the entity they are 
seeking. A separate database is compiled by businesses that 
opt into this services similar to today's location based ser 
vices can provide the user with a given experience sought 
after by the business, (sales of goods or services). This infor 
mation is then embedded or encapsulated into the data stream 
and transceived throughout the Internet Today’s cumbersome 
RF calculations require algorithmic math computations that 
are constantly changing and therefore reduce the accuracy of 
locating the device in real-time. A reference back to the pre 
vious or last known location require constant updates. Couple 
this with the inherent latency's of today's devices and effec 
tiveness is reduced. Based on RF applications, there may be a 
need to measure the RSSI (radio signal strength indicator) 
and relate this information to another calculation table before 
we can apply probable table coordinates in order to perform a 
triangulation calculation of the client device. The RF Loca 
tion based services rely heavily on assisted GPS technology. 
This technology is very taxing and expensive on computers, 
and contributes to a poor economy of Scale approach for 
businesses. GPSRS will embed location information. 

0129. As may now be apparent, ultra high throughput at 
the last mile device is attained by VLEC augmenting methods 
that will prove more cost effective than any other solution 
available today. The present invention expands areas of net 
work access to include a more vertical growth in current 
mature technologies VLEC coupled with BPL and Ultra Low 
Duty Cycle lighting will extend the often limiting capabilities 
of Ethernet, USB and Wifi Ethernet's primary focus has 
applied to a network consisting of wires USB has simplified 
network connectivity. The legacy of RF is the most challeng 
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ing in that RF is not easily controlled and the technology of 
various standards have matured to the point where deploy 
ment cost are essentially a race to the bottom. Increases in 
revenue for all applications will stem from the benefit of 
having majority control over 90% of the core network envi 
ronments, first and last mile transportation, and end user 
products. 
I0130. While the foregoing details what is felt to be the 
preferred embodiment of the invention, no material limita 
tions to the scope of the claimed invention are intended. 
Further, features and design alternatives that would be obvi 
ous to one of ordinary skill in the art are considered to be 
incorporated herein. The scope of the invention is set forth 
and particularly described in the claims herein below. 
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. 

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. 

11. The combination of claim 1, further comprising a 
power line bridge. 

12. The combination of claim 11, wherein the power line 
bridge comprises an optical transceiver. 

13. The combination of claim 11, wherein the power line 
bridge is in operative communication with the at least one 
optical transceiver. 

14. The combination of claim 1, wherein the combination 
provides both illumination for a room and communication 
capabilities. 


