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DESCRIPTION

TECHNICAL FIELD

[0001] The invention relates to light emitting diode devices. In particular, this invention relates
to a vehicle interior lighting system.

BACKGROUND

[0002] Transmitting and receiving signals virtually instantaneously throughout the world has
become a common event. Many devices are available for receiving and possibly retransmitting
signals received from computer networks and other networks. The user interface for reviewing
these signals can take many forms including, but not limited to, phones, computers, laptop
computers, handheld devices, and stand-alone devices. The development of intelligent light
sources, as described in U.S. Patent 6,016,038, has also transformed lighting and lighting
control in recent years.

[0003] Information abounds through access to the World Wide Web and this information can
be received and displayed in many ways on many devices. A computer is one of the primary
portals for receiving, viewing and interacting with much of this information. Hand held devices
are also becoming increasingly popular for receiving, viewing and interacting with information.
The type of information displayed on these devices is also virtually endless. Information such
as, but not limited to, financial, weather, sales data can all be downloaded and displayed. The
download devices generally allow the user to interact with the data and perform transactions.
Gaming software is also becoming a popular on-line activity where a person can interact with
the gaming software from a remote location. Gaming is also very quickly becoming an online
experience. Extensions of these games allow two or more users to participate in the same
game at the same time even when all of the users are at different locations.

[0004] The Massachusetts Institute of Technology has a program in the media arts and
sciences named Tangible Media directed by Hiroshi Ishii that has developed an interface called
mediaBlocks that is described in mediaBlocks: Tangible Interfaces for Online Media, Brygg
Ullmer and Hiroshi Ishii, MIT Media Lab, Published in the Conference Abstracts of CHI99, May
15-20, 1999. The Tangible Media group has the objective to develop human interfaces using
physical objects. The physical objects are used to interface with digital media to make the
interface easier to use and to create a less complex interface between man and machine.
MediaBlocks is a tangible interface for physically capturing, transporting, and retrieving online
digital media. For example, a mediaBlock may be placed in a slot next to a white board and the
information contained on the white board would be digitally transferred to the mediaBlock. The
mediaBlock could then be placed in a slot near a printer and the printer would then print the
information from the white board. This eliminates the complex computer interfaces that are
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used today. This project is dedicated to reduce the complexity of the computer interface that
has become commonplace is today's work and play environments.

[0005] Another paper from the Tangible Media Group, ambeientROOM: Integrating Ambient
Media with Architectural Space, Hiroshi Ishii et. al., Tangible Media Group, MIT Media
Laboratory, Published in the Conference Summary of CHI98, April 18-23, 1998, discussed the
possibilities of ambient controls within an office to increase the awareness of the office worker.
In this paper, the authors discuss the sophisticated capabilities of humans' ability to process
multiple information streams. Humans have an immense capacity for receiving and interpreting
information that is occurring in the background of the activities in which we engage. To take
advantage of this capacity, the authors created ambient conditions in an office that
corresponded to information being received. For example, the office was equipped with a
sound system to provide subtle background sounds such as the sound of a tropical forest. The
volume and density of the activity in the forest sound stream would correspond to the amount
of email or the value of the users stock portfolio. The office was also provided with a lighting
pattern on a wall that changed when activity in the next room increased.

[0006] Accordingly it would be useful to provide a peripheral or addition to a standard device to
display information in a way in which the user would be alerted to the information without
having to interact with the interface. It would also be useful to provide an indicator for
displaying information that would be both decorative and informative.

[0007] One area where there is a need for information is in connection with vehicles.
Information generated by today's vehicles has increased tremendously over the typical car of
the past. The instrument panel in today's automobiles and other personal vehicles may
resemble an airplane cockpit because of the increased demand for information. This is partially
based on the increase in demand for more information and partially because the design is
appealing. Control systems in these vehicles are also becoming increasingly complex. To
accommodate the increase in complexity, automakers continue to improve the ergonomic
system surrounding the driver and passengers. Safety is also paramount and the improved
ergonomic system is also designed to reduce driver fatigue and increase his overall awareness
to his surroundings.

[0008] U.S. patent 5,803,579 teaches of a white-light lighting device for an automobile. This
lighting device uses a combination of two LEDs to produce white light to take advantage of the
lightweight, energy efficient, reduced heat, and reliability of LEDs as compared to incandescent
systems. This system is designed to replace incandescent lighting systems by producing white
light for the interior of the vehicle or the rear view mirror assembly. The German utility model
DE 29908994 U1 discloses an interior illumination system of a vehicle comprising several
electroluminescent foil panels which can be switched on or off by using respective keys of an
input device. The user can also adjust the colour hues of the luminous fields by turning a knob.

[0009] It would be useful to provide a lighting system for vehicles that increased the appeal
and design of the vehicle. It would also be useful to provide a lighting system that could convey
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information regarding the vehicles performance as well as other information.

[0010] Data abounds in today's connected world and converting all of the data into usable
information remains a challenge. The Internet provides a portal to a vast variety of such
information including financial, weather, sports and many other types of information. There are
also software programs that generate information such as games, simulators, financial analysis
programs and many other software driven applications. During the past several years,
technology has provided us with more and more information every year and more and more
devices to retrieve the information. We are now a connected world with the ability to receive
and retrieve information from many sources including stationary devices such as the desktop
computer, gaming platforms, Internet appliances and other stationary devices. We can also
retrieve information through mobile devices such as a mobile phone, personal digital
assistants, pagers, gaming devices and other mobile devices. Many such devices require user
interactions to retrieve and observe useful information. It can be a challenge for any user of
these systems to keep up with all of the relevant information provided. It would be useful to
provide an information system to simplify or enhance the receipt of information.

[0011] Another area where lighting information systems may be needed is in connection with
liquid crystal displays. A liquid crystal display (LCD) is an electro-optical device used to display
digits, characters or images, commonly used in digital watches, calculators, cellular phones,
portable devices and portable computers.

[0012] The liquid crystal display contains a liquid crystal material placed between a pair of
transparent electrodes. The liquid crystal changes the phase of the light passing through it and
this phase change can be controlled by a voltage applied between the electrodes. Liquid
crystal displays can be formed by integrating a number of liquid crystal patterns in a display or
by using a single liquid crystal plate and a pattern of electrodes.

[0013] One type of liquid crystal display, those used in digital watches and calculators, contain
a common electrode plane covering one side and a pattern of electrodes on the other with a
liquid crystal plane between the electrodes. These electrodes can be individually controlled to
produce the appropriate display. Computer displays, however, require far too many pixels
(typically between 50,000 and several millions) to make this scheme, in particular its wiring,
feasible. The electrodes are therefore replaced by a number of row electrodes on one side and
column electrodes on the other side. By applying voltage to one row and several columns the
pixels at the intersections are set. This generates the requisite potential to activate the liquid
crystal at the intersection of the two electrodes. This method creates pixels that can be
activated to generate the characters or images.

[0014] There are generally two types of LCD displays: passive and active matrix. In a passive
matrix display, the pixel fading is controlled through the persistence of the display. Putting an
active element, such as a transistor, on the top of each pixel, can slow the fading. This
"remembers" the setting of that pixel and is generally referred to as an active matrix display.
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[0015] Color-image LCD screens are also available, although more expensive than the
monochrome versions, and typically used in computer screens or other devices where it is
desirable to display colored graphics. The colored screens are more expensive because of the
increased complexity of the system. The colored LCD screens operate by generating pixels of
red, green and blue light. These colored pixels are close enough, with respect to the user, that
when energized they form colored pixels. These systems may produce a particular color
through the liquid crystal or they may have a filter over the pixel to adjust the color. One
particular method of generating a colored LCD screen is to provide a backlight that generates
red, green and blue emission in three time segments. The liquid crystal provided in the screen
has a transmittance of approximately 4% and will allow red, green and blue to pass. A very
bright light source is therefore required to generate enough light that 4% transmission is
acceptable for the screen brightness. Generally, the timing of the light sources is such that the
three colors are on for predetermined segments of time. For example, the red maybe on for
the first one third of the time segment, the blue may be on for the second one third of the time
segment, and the green may be on for the third one third of the time segment. Then the pixel
is energized at the same time as the particular color is energized. The liquid crystal is
essentially the window for the light that is generated in the background. Energizing the liquid
crystal and the light simultaneously will emit a particular color. For example, if the pixel is to be
red, the liquid crystal is energized during the first time segment. If a combined color is required,
such as yellow, the pixel will be energized during the first (red) and third (green) sub-periods.
An improved method involving four sub-periods is taught in U.S. Patent 6,115,016 to
Yoshihara. These color-image LCD screens use backlighting to emit the light through the liquid
crystal to facilitate a screen capable of projecting color images.

[0016] Many monochrome-image LCD screens are backlit to provide better contrast between
the liquid crystal and the background. This is especially important in the monochrome-image
LCD screens because the display is designed such that the crystals reflect light that is incident
on front surface. The liquid crystal may reflect light directly or the liquid crystal may block light
that is reflected by the surface behind the crystal. As a result, these systems appear almost
black when there is limited ambient light irradiating the LCD surface. The display is primarily
reflecting light and if there is no light impinging upon the display there is no light to reflect. An
example of this phenomenon is when you attempt to view a cellular phone or calculator LCD
screen in the dark and it cannot be read. To eliminate the problems with reading the screen in
low light conditions, these displays are generally provided with a backlighting system. This
system provides light from behind the liquid crystal and the energized liquid-crystal blocks the
light when activated.

[0017] The backlighting systems generally comprise a flat surface that is backlit or edgelit to
provide a surface of light behind the LCD panel. The lighting for these panels is generally
accomplished through fluorescent, incandescent or light emitting diode (LED) lighting. The
surface of light is then blocked by the energized pattern of liquid crystals providing dark areas
where the crystals reside and allowing the areas of non-activated crystals to emit light from the
backlit surface. The backlighting systems may come in one of several colors and provide
constant lighting conditions when activated. The choice of color is generally selected by the
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manufacturer to provide high contrast for the image. For example, many monochrome-image
LCD screens use a green backlit panel to provide high brightness behind the energized liquid
crystals. Unlike the color-image screens, these screens do not produce colored pixels. The
liquid crystal may transmit a small portion of the light from the back lighting system, however,
the back lighting dominates any transmission and the pixel typically appears black or gray.

[0018] Another area where information can be conveyed by lighting is in the area of indicators
for packages. Packages carrying virtually anything can easily be shipped around the world
these days as the transportation and shipping industries continue to grow. Many packages are
shipped over-night and many packages are sent through conventional means that may take
weeks for the package to reach its intended destination. In all of these shipping scenarios, the
quality of the product can be compromised without the shipping company or the shipper ever
being aware. The first indication of shipping problems may be from the customer and this can
end customer relations very quickly.

[0019] Packages are monitored for external damage by the shipper and the customer. When a
customer receives a damaged box, she is automatically aware that the contents may also be
damaged. The customer may still open the package but she will likely reserve her right to
reject the goods if they are damaged. When goods are sensitive to shipping conditions such
as, but not limited to, time, humidity, temperature, orientation, electrical conditions, physical
vibration, or physical shock, the goods may be damaged due to inadequate handling. In these
situations, the shipper may not be aware that the required conditions were met and the
customer may receive inferior or unusable product as a result. Audible indicators are available
to monitor the condition of perishable foods, see New Food Packaging Technology to Offer
Audible Warnings, Asia Pulse, October 11, 2000. There are also glass vials and spring-loaded
balls that are used to show that a shock threshold has been exceeded or that a package has
been turned upside down.

[0020] It would be useful to have an intelligent visual indicator indicating the shipping
conditions of a package. It would also be useful to have an intelligent visual indicator for many
other applications.

SUMMARY

[0021] According to one aspect of the present invention there is provided a vehicle lighting
system as claimed in claim 1.

[0022] According to another aspect of the present invention there is provided a vehicle
comprising the vehicle lighting system.

[0023] lllumination methods and systems are provided herein that overcome many of the
drawbacks of conventional systems. In embodiments, methods and systems are provided for
multicolored illumination. In an embodiment, the present invention is an apparatus for providing
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an efficient, computer-controlled, multicolored illumination device.

[0024] In an embodiment an information system is provided. The information system may
include an LED illumination unit for displaying illumination conditions indicative of information.
In another embodiment the LED illumination unit is a stand-alone device, networked device,
network appliance, network peripheral, LED device, or an LED device with processor. The
processor may be a controller, addressable controller, microprocessor, microcontroller,
addressable microprocessor, computer, programmable processor, programmable controller,
dedicated processor, dedicated controller, computer, laptop computer or other processor.

[0025] In an embodiment the illumination device may receive information signals and the
information signals may be used to change the hue, saturation or intensity of the illumination
device. The information signals could contain information such as financial information,
environmental information, computer status information, notification information, email
notification information, status information or other information. The information signal may be
communicated to the LED illumination device through electromagnetic transmission, radio
frequency transmission, infrared transmission, microwave transmission, acoustic transmission,
wire transmission, cable transmission, network transmission or any other communication
transmission. In a particular embodiment, the source of the information in the information
transmission is from the World Wide Web (WWW), a database, a network, software, a
computer, a computer system or other system. The information may also be obtained through
a hyperlink or other information transfer mechanism.

[0026] The information signal may be in the form of lighting control signals that are directly
readable by an LED illumination device. The information signal may also be in the form other
than lighting control signals. In an embodiment, the information signal is in the form of signals
other than lighting control signals and a decoder is provided to convert the information signal
into a lighting control signal. In an embodiment the decoder may be a processor within the
illumination device or it may be a processor separate from the illumination device. The decoder
may also be software that is executed by the processor. The information signal may be a
digital transmission or it may be an analog transmission. A digital transmission maybe readable
by the system whereas an analog system may require an analog to digital converter.

[0027] The information system may be provided with a user interface. The user interface may
be used to select the information to be displayed by the illumination device. In an embodiment
the user interface is a computer, personal digital assistant (PDA), computer peripheral,
portable interface, stand-alone interface, or any other interface.

[0028] One embodiment is a method of providing information where an information signal is
received and the information signal is communicated to an LED illumination device. The
illumination unit may be associated with an input connection. A processor may be provided to
convert the information signal into a lighting control signal. The lighting control signals may be
communicated to the illumination control device. The hue, saturation, or intensity (color) may
be changed as a result of receiving the information signal. The color may represent the
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information provided in the information signal. The information in the information signal may be
financial information, environmental information, computer status information, notification
information, email notification information, status information or any other information.

[0029] In an embodiment, a processor may be provided. The processor may be a controller,
addressable controller, microprocessor, microcontroller, addressable microprocessor,
computer, programmable processor, programmable controller, dedicated processor, dedicated
controller, computer, laptop computer or other processor.

[0030] In an embodiment, an LED illumination device may be provided. The LED illumination
device may comprise at least two LEDs wherein the at least two LEDs produce at least two
different spectra; a processor; at least two controllers wherein the controllers independently
control power delivered to the at least two LEDs; the at least two controllers further comprising
a signal input wherein the signal input is associated with the processor; the at least two
controllers are responsive to signals communicated to the signal input; and a light transmissive
material wherein the LEDs are arranged to illuminate the light transmissive material.

[0031] The LED illumination device may also be associated with signal input connection. An
information signal may be communicated to the signal input connection. The processor may
convert the information signal into an illumination control signal; and the illumination device
may change color corresponding to the information signal. A second processor may also be
provided. The second processor may convert the information signal to lighting control signals.
These lighting control signals may be communicated to the LED illumination device or an
illumination processor associated with the lighting device.

[0032] In an embodiment a user interface is provided. The user interface may be a computer,
web browser, PDA, portable device, stand-alone device, web site, touch screen, LCD screen,
plasma screen, laptop computer, or any other user interface. The user interface may be used
to select information to be communicated to the LED illumination device.

[0033] One embodiment is a method of converting an information signal into a lighting control
signal. A user interface may be provided wherein a user selects information to be displayed by
an LED illumination device. A processor may also be provided for converting the selected
information into a lighting control signal and lighting control signal may be communicated to an
output port. The information may be selected from a web site, web page, hyperlink, computer
setting, computer system setting, email setting, computer monitor software, monitoring
software, computer software or other system.

[0034] An embodiment may take the form of a computer peripheral. Where a computer sends
an information signal or a lighting control signal to the peripheral and the peripheral responds
by changing to a color that corresponds to the information signal. The peripheral may have a
processor wherein the processor may be a controller, addressable controller, microprocessor,
microcontroller, addressable microprocessor, computer, programmable processor,
programmable controller, dedicated processor, dedicated controller, computer, laptop
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computer or other processor.

[0035] The LED illumination device may have a controller to control the LED output. The
controller could be a pulse width modulator, pulse amplitude modulator, pulse displacement
modulator, resistor ladder, current source, voltage source, voltage ladder, voltage controller or
other power controller.

[0036] An embodiment is a method of decoding information capable of being executed by a
processor. A user interface may be provided wherein images representing information are
displayed. Information may be selected from the user interface. The information may be
converted to a lighting control signal and the lighting control signal may be communicated to a
communication port. The communication port may be a USB port, serial port, parallel port,
firewire port, high-speed communication port, or other communication port.

[0037] lllumination methods and systems are provided herein that overcome many of the
drawbacks of conventional illumination systems. In embodiments, methods and systems are
provided for multicolored illumination. In an embodiment, the present invention is an apparatus
for providing an efficient, computer-controlled, multicolored illumination capable of high
performance and rapid color selection and change.

[0038] As used herein, the term "LED" means any system that is capable of receiving an
electrical signal and producing a color of light in response to the signal. Thus, the term "LED"
should be understood to include light emitting diodes of all types, light emitting polymers,
semiconductor dies that produce light in response to current, organic LEDs, electro-
luminescent strips, and other such systems. In an embodiment, an "LED" may refer to a single
light emitting diode package having multiple semiconductor dies that are individually controlled.
It should also be understood that the term "LED" does not restrict the package type of the LED.
The term "LED" includes packaged LEDs, non-packaged LEDs, surface mount LEDs, chip on
board LEDs and LEDs of all other configurations.

[0039] An LED system is one type of illumination source. As used herein "illumination source"
should be understood to include all illumination sources, including LED systems, as well as
incandescent sources, including filament lamps, pyro-luminescent sources, such as flames,
candle-luminescent sources, such as gas mantles and carbon arch radiation sources, as well
as photo-luminescent sources, including gaseous discharges, fluorescent sources,
phosphorescence sources, lasers, electro-luminescent sources, such as electro-luminescent
lamps, light emitting diodes, and cathode luminescent sources using electronic satiation, as
well as miscellaneous luminescent sources including galvano-luminescent sources, crystallo-
luminescent sources, kine-luminescent sources, thermoluminescent sources, triboluminescent
sources, sonoluminescent sources, and radioluminescent sources. lllumination sources may
also include luminescent polymers capable of producing primary colors.

[0040] The term "illuminate" should be understood to refer to the production of a frequency of
radiation by an illumination source.
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[0041] The term "color" should be understood to refer to any frequency of radiation within a
spectrum; that is, a "color”, as used herein, should be understood to encompass frequencies
not only of the visible spectrum, but also frequencies in the infrared and ultraviolet areas of the
spectrum, and in other areas of the electromagnetic spectrum.

[0042] As used herein, the term "vehicle” should be understood to refer to any vehicle such as
an over-land vehicle, watercraft, aircraft, spacecraft, automobile, car, bus, truck, van, minivan,
motorcycle, bicycle, moped, tricycle, tri-motorcycle, motorized cart, electric car, electric cart,
electric bicycle, scooter, powered scooter, ship, boat, hovercraft, submarine, airplane,
helicopter, space station, shuttle craft, commercial vehicle, recreational vehicle (RV), sport
utility vehicles (SUV) or any other vehicle.

[0043] In an embodiment, an information item is provided shaped like a cube or other polygon.
The information item can be illuminated to reflect information or data from a related information
system, such as a computer connected to a network. Examples of information displayed by the
cube can be net worth, weather data, or sports scores, each reflected by illumination
conditions of the item.

[0044] In an embodiment, a plurality of LEDs is used to back-light a display panel, such as an
LCD display panel. The illumination can enhance the quality of the display, or it can convey
information from a related information system.

[0045] In an embodiment, an illumination and information system for a vehicle is provided,
where the interior or exterior of the vehicle is illuminated to reflect a state of information about
the vehicle or about another object or entity. For example, a tachometer can glow a particular
color to reflect engine speed.

[0046] In an embodiment, a package indicator is provided that uses illumination to reflect
information about the package, including shipping information, history of the package,
exposure of the item to various forces or conditions, or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The following Figures depict certain illustrative embodiments of the invention in which
like reference numerals refer to like elements. These depicted embodiments are to be
understood as illustrative of the invention and not as limiting in any way.

Fig. 1 is a system diagram depicting components of an information system with an illumination
component as disclosed herein.

Fig. 2 depicts a laptop computer equipped with an illumination component.

Fig. 3 depicts an embodiment of an illumination component of an information system of Fig. 1.
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Fig. 4 depicts a sconce embodiment of an illumination and information system.
Fig. 5 depicts a room environment for an illumination and information system.

Fig. 6 depicts a flow diagram for conversion of an item of information into a specified type of
illumination.

Fig. 7 is a flow diagram for steps for converting information into illumination.

Fig. 8 is a schematic diagram of elements for illumination control.

Fig. 9 is a depiction of a tachometer embodiment of an illumination system for a vehicle.
Fig. 10 is a schematic diagram of elements of an illumination system.

Fig. 11 is a schematic diagram of a networked illumination system.

Fig. 12 is a schematic diagram of an alternative embodiment of a networked illumination
system.

Fig. 13 is an information cube embodiment of an information and illumination system.
Fig. 14 depicts a panel for conveying information as lit by an array of light emitting diodes.

Fig. 15 depicts a schematic diagram of components for providing control to a plurality of light
emitting diodes.

Fig. 16 depicts an embodiment of an information cube with a variety of operational modes.
Fig. 17 depicts an alternate embodiment of a cube of Fig. 16.

Fig. 18 depicts an embodiment of an information and illumination system with manual inputs.
Fig. 19 depicts an embodiment of an information and illumination system.

Fig. 20 depicts a handheld device with a backlit LCD display.

Fig. 21 depicts components for a backlit LCD display embodiment of an illumination and
information system.

Fig. 22 depicts components for a backlit LCD display embodiment of an illumination and
information system.

Fig. 23 depicts a package indicator embodiment of an illumination and information system.

Fig. 24 depicts a flow diagram for an illumination and information system.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
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[0048] The description below pertains to several illustrative embodiments of the invention.
Although many variations of the invention may be envisioned by one skilled in the art, such
variations and improvements are intended to be encompassed within this disclosure. Thus, the
scope of the invention is not to be limited in any way by the disclosure below.

[0049] With so much information available it can be difficult to gather and display the
information in a useful manner. Intelligent lighting systems that use LEDs to generate colored
light in response to received signals can be used to display and indicate information of all
kinds. The lighting systems can be designed to receive signals and convert them to lighting
control signals or the signals can be received directly as lighting control signals.

[0050] The LED based lighting systems can drive multiple colored LEDs to produce combined
colored light. With a lighting system that includes two or more different colored LEDs,
combinations of those colors can be generated to the extent the level of intensity or color
shifting of the individual LEDs can be controlled. In a preferred embodiment, the LEDs are
controlled with a microprocessor to provide pulse width modulation control to three colors of
LEDs. The microprocessor is associated with a program input and input signals can be
communicated to the program input. VWhen input signals are communicated to the program
input the microprocessor can generate LED control signals to produce colored light that is
associated with the input.

[0051] Fig. 1 illustrates a computer network that includes a computer 102 and a transmitter
112 or 104 for transmitting signals. The computer 102 maybe a laptop computer, personal
computer, wireless device, handheld device, game console, server, mainframe,
microcomputer, network computer, appliance, handheld game, personal digital assistant,
cellular phone, or other suitable computer or other information system capable of relaying
information. The transmitter can be any transmitter for communicating signals such as, but not
limited to, electromagnetic, IR, RF, microwave, acoustic, wire, cable, or network. The
transmitter is for communicating program signals to a lighting device 108. The lighting device
could be equipped with a receiver 112 or 110 for receiving the signals, which may be any
receiver capable of receiving a signal transmitted by the applicable transmitter 112 or 104.
When the lighting device receives the program signals it can generate a particular color or
illumination effect. The color or effect maybe indicative of the signal received. For example, the
transmitted information may be financial information regarding the stock price of a company.
Information regarding the stock price could be communicated to the lighting device and the
lighting device could produce light or lighting effects. As a stock price rises, the light could
produce green light, when it falls, the light could change to red. The light could indicate the rate
of rise or decline by changing saturations of the colors blue and yellow. If the stock price
reaches a high enough level, the light could begin to flash on and off green to catch the users
eye. A dramatic drop could initiate a flashing red light. The lighting device could produce
continually changing colors at the close of the market. Since color is a composite of hue,
saturation and brightness these three parameters can reflect multiple pieces of information.
For example, a stock value may be represented by the hue, a market shift may be represented
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by brightness, and the rainfall outside may be represented by saturation.

[0052] A plurality of lighting devices could also be used to generate coordinated effects. The
program signals could be directly received from the original source, the computer in this
example, or the signals could be retransmitted through another device. One such method of
re-transmitting the signals would be to allow the lighting device to complete the communication.
The lighting device could be equipped with a separate transmitter or the LEDs used for lighting
could be used for the dual purpose of lighting and communicating. There are many other
methods of transmitting information such as, but not limited to, electromagnetic transmission,
RF, IR, microwave, wire, cable, network, telephone transmission or over the power
connections. A plurality of lighting devices could also be used to receive separate channels of
information. One lighting device could receive one type of information for display and another
device could be used for receiving another signal.

[0053] The information to be displayed could also be received from the World Wide Web or
through other networks where information is transferred. For example, the computer could
receive information from a network and the information could be communicated to the lighting
device. The information could also be received from other networks including, but not limited
to, satellite networks, communication networks, or telecommunication networks. The lighting
device could be equipped with a receiver for receiving such information and respond by
producing colored light when certain signals are received.

[0054] Fig. 3 illustrates one style LED lighting device. The LEDs 304 and control unit may be
attached to a material such as but not limited to, a shade, fabric, diffusing material, semi-
translucent material, plastic, plastic dome, sculpted material or any other material. The material
may be selected for its absorption or transmission properties to maximize the effect of the
colored light. In a preferred embodiment a parchment is formed into a spiral such that the inner
and outer sections of the spiral absorb, reflect and transmit the colored light. Fig. 3 also
illustrates another method of forming a shade. The shade includes several wraps 108 and 302
for distributing the lighting effects. The lighting device may also direct the illumination without
the aid of a shade or other material.

[0055] The lighting device can take on many forms such as, but not limited to, a table mounted
device, a wall mounted device, a ceiling mounted device, or a floor mounted device. Fig. 4
illustrates a wall-mounted device that may take on the appearance of being a sconce. Where
the LEDs 304 are mounted in a position to shine on the shade 402.

[0056] Fig. 5 illustrates a room where one or more lighting devices 108 may be located. These
lighting devices may produce coordinated lighting effects or each one may produce standalone
effects. Coordinated effects can be accomplished in many ways such as, but not limited to,
using one lighting device as a master with the others acting as slaves, sending addressed
information to the lighting devices wherein the lighting devices have addressable controllers, or
a combination of these methods. In the master-slave set up, one lighting device may receive
program signals and then pass on new or the same program signals to the other lighting
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devices. The lighting device may also pass on part of the information received. The second
method could be referred to as a network solution where each of the lighting devices is
listening for the signals that pertain to it. Upon receiving the addressed information, the lighting
device could initiate the illumination conditions.

[0057] Fig. 6 depicts a flow diagram to illustrate how the information may be converted into
lighting conditions in a preferred embodiment. The value of the information may be received by
a system and this information may be converted to a lighting function. The lighting function in
turn is then converted into lighting control signals corresponding to a particular hue, saturation
and intensity. These control signals are then communicated to the lighting device and the
lighting device produces the desired illumination conditions.

[0058] The lighting device can also be incorporated into another device. Fig. 2 illustrates a
laptop computer 202 with two lighting devices 208 and 212, one surrounding the on-off switch
for the computer 208 and one independent of other switches. These lighting devices could be
used to generate colored light to inform the user of any information including, but not limited to,
information received from a network or information regarding the performance of the machine.
The button indicator 208 may be used to alert the user when the laptop is going into a sleep
mode before it goes to sleep. This would be useful during presentations to avoid the system
from shutting off at a critical point. The other indicator 212 may be used to indicate battery life
or other operational conditions such as, but not limited to, processor speed, down load speed,
temperature outside as received from an external signal like the World Wide Web. The
indicator can also take on any shape. For example, the edge surrounding the computer screen
204 could be used as an indicator. The edge lighting or any other lighting could be broken up
into separate channels for receiving and displaying different information. Individual buttons on
the keyboard could also be used as indicators as well as keys.

[0059] Another example of where the lighting device can be used to convey information is in a
computer, computer room or server room. The server room or server building is a very
complicated area that is also the show place of many businesses. Many server and networks
are monitored by software dedicated to reviewing the condition of the system. These programs
monitor everything from network traffic to individual fan speeds on network devices. The
software monitors all aspects of the network or individual device to allow the network manager
to optimize the systems performance and prevent breakdowns. It would be useful to provide an
intelligent lighting device for monitoring the system and alert the network manager of the
system conditions.

[0060] A lighting device could be provided to fit into an existing port on a server or system such
as, but not limited to, a rack mount enclosure, a 5%"drive slot or a 32" drive slot. The lighting
device could also be a separate device. The lighting device can use also the heat sinking
provided by the existing slot on a server or other computer. The lighting system could be
associated with the network software and the software could be tailored to provide overall
operational characteristics of the system or the network manager may decide to monitor a
particular parameter. The system may be indicating overall acceptable performance with a
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particular parameter declining in performance. This may result in a particular light pattern from
the lighting device. The light pattern may be green with an intermittent yellow emitted every five
seconds. This would provide information to the manager to check the system even though
everything is operating. The lighting device could begin to turn red as the system slows down
and it could be programmed to strobe red when the system is in a critical condition.

[0061] Another useful example of an information system is where it is used to provide
information as to when a task is completed. Computers or other devices may be tied up
performing calculations or tasks and the device should not be touched while the system is
performing these functions. The device may send lighting signals to the illumination device to
alert others not to touch the device. These signals may instruct the illumination device to
illuminate red while the device is performing calculations and may begin to change color until
arriving at the color green when the calculations are complete.

[0062] Many computer rooms have raised floors, false ceilings or walls for passing all of the
wires and cables. The tiles in the floor, ceiling and or wall are typically removable to allow
access to the wires and cables. One or more of these tiles could also be replaced with a
lighting device to provide lighting or information. An embodiment of such tiles were disclosed in
United States Patent Application Ser. No. 09/215,624. A separate panel of lighting devices
could also be provided to allow the display of various channels or various levels.

[0063] Hard drives in network storage areas are many times made to be accessible to the
user. These drives may have LED indicators to indicate activity or power or fault. These
indicators are typically single color low output LEDs that flash to make the indication. For
example, the indicator for activity may flash every time the drive is accessed. The user looks at
the flashing rate of the indicator to get an idea of the usage rate. VWWhen you view a large panel
of drives you typically see many green indicators flashing and it is very difficult to discern on
drive from the next. An embodiment of the invention system could be used in such a drive to
provide color or color changing effects as an improved information system. The information
lighting system could be in the form of an indicator panel, light, or the entire front plate or
enclosure may be used. One embodiment of this is disclosed in United States Provisional
Patent Application Ser. No. 60/221,579 "Color Changing Device and Enclosure”. These hard
drives are sometimes referred to as Hot Swap Hard Drives, Modular Drives, Modular Bays and
are sold by Dell, EMC and others. This system could be used in the drive for easy display of
information regarding the drive performance, life expectancy, life, temperature, spindle speed
or any other information. The drive can also be put into a self-test mode and the lighting device
could be used to provide information of the test status or result.

[0064] Turning to the flow chart 700 in Fig. 7, the information system may include an LED
illumination unit 108 for displaying illumination conditions indicative of information. The LED
illumination 108 unit maybe a stand-alone device, networked device, network appliance,
network peripheral, LED device, LED device with processor, or other illumination device
capable of changing the illumination conditions in response to a signal. A processor may also
be provided in or associated with the lighting device and the processor maybe a controller,
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addressable controller, microprocessor, microcontroller, addressable microprocessor,
computer, programmable processor, programmable controller, dedicated processor, dedicated
controller, computer, laptop computer or other processor.

[0065] The illumination device 108 may receive information signals directly and the information
signals may be used to change the hue, saturation or intensity of the illumination device. The
information signals may contain information such as financial information, environmental
information, computer status information, notification information, email notification information,
status information or other information. The information signal may be communicated to the
LED illumination device through electromagnetic transmission, radio frequency transmission,
infrared transmission, microwave transmission, acoustic transmission, wire transmission, cable
transmission, network transmission or any other communication transmission.

[0066] The source of the information at the step 702 may be from the World Wide Web
(W), a database, a network, software, program, computer, or other system. The
information may also be obtained through a hyperlink or other information transfer mechanism.
The information may be in the form of a digital signal or an analog signal where the analog
signal is converted to a digital signal for processing. Once the information is obtained, it may
not need to be decoded at the step 704. The decoding process may involve deciphering the
pertinent information from the remaining information in the signal. For example, an entire web
page may be down loaded from the World Wide Web and the only information the user wants
to send to the lighting device pertains to the snowfall accumulation in Grand Rapids, Michigan.
The snowfall information would then be decoded or retrieved from the other information to be
further processed.

[0067] Following the decoding process at the step 704, the information may need to be
transformed into lighting control signals at the step 708. This may be a process executed on a
processor to convert the format of the information into lighting control signals that can be
executed by the lighting device. For example, the information retrieved from the World Wide
Web concerning the snowfall accumulation may be in the format of inches per hour. This value
may need to be converted into lighting control signals to produce a particular hue, saturation or
intensity of the illumination device.

[0068] The elements described in the flow diagram 700 of Fig. 7 may all be incorporated into
the illumination device or they may reside in different devices. WWhere communications between
the elements is required, the communication can be accomplished through radio frequency,
infrared, microwave, acoustic, wire, cable, network, electromagnetic or other communications
method.

[0069] Referring again to Fig. 1, the information system may also be provided with a user
interface 102. The user interface may be used to select the information to be displayed by the
illumination device. In an embodiment the user interface maybe a computer, personal digital
assistant (PDA), computer peripheral, portable interface, stand-alone interface, web browser,
PDA, portable device, stand-alone device, web site, touch screen, LCD screen, plasma screen,
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laptop computer, or any other user interface. The user interface maybe used to select
information to be communicated to the LED illumination device. For example, the interface may
select the information from a web page to be displayed. The user interface may allow the user
to select various information and the information may then be converted to lighting control
signals.

[0070] Fig. 8 illustrates a block diagram of a system according to the principles of the
invention. A processor 2 is associated with several controllers 3. The controllers 3 control the
power to the LEDs 4. The processor 2 may be any processor or circuit to provide the control
signals to the controllers 3 such as, but not limited to, a controller, addressable controller,
microprocessor, microcontroller, addressable microprocessor, computer, programmable
processor, programmable controller, dedicated processor, dedicated controller, application
specific integrated circuit, integrated circuit, control circuit or other processor. In an
embodiment, the processor 2 is Microchip PIC processor and the LEDs 4 may be red, green
and blue. The controller 3 may be a pulse width modulator, pulse amplitude modulator, pulse
displacement modulator, resistor ladder, current source, voltage source, voltage ladder, switch,
transistor, voltage controller, or other controller. The controller controls the current, voltage or
power through the LED 4. The controller also has a signal input wherein the controller is
responsive to a signal received by the signal input. The signal input is associated with the
processor such that the processor communicates signals to the signal input and the controller
regulates the current, voltage and or power through the LED. In an embodiment, several LEDs
with different spectral output may be used. Each of these colors may be driven through
separate controllers. The processor and controller may be incorporated into one device. This
device may power capabilities to drive several LEDs in a string or it may only be able to
support one or a few LEDs directly. The processor and controller may also be separate
devices. By controlling the LEDs independently, color mixing can be achieved for the creation
of lighting effects. Electronic memory 6 may also be provided. The memory 6 is capable of
storing algorithms, tables, files, or values associated with the control signals. In an
embodiment, the memory 6 may store programs for controlling the LEDs 4. A program, for
example, may store control signals to operate several different colored LEDs 4. A user
interface 1 may also be associated with the processor 2. The user interface may be used to
select a program from memory, modify a program from memory, modify a program parameter
from memory, select an external signal or provide other user interface solutions. Several
methods of color mixing and pulse width modulation control are disclosed in U.S. Patent
6,016,038 "Multicolored LED Lighting Method and Apparatus”. The processor 2 can also be
addressable to receive programming signals addressed to it.

[0071] The LED illumination device may also be associated with signal input connection. An
information signal may be communicated to the signal input connection or receiver 112 or 110.
The processor may convert the information signal into an illumination control signal; and the
illumination device may change color corresponding to the information signal. A second
processor may also be provided. The second processor may convert the information signal to
lighting control signals. These lighting control signals may be communicated to the LED
illumination device.
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[0072] An embodiment is a method of decoding information capable of being executed by a
processor. A user interface may be provided wherein images representing information are
displayed. Information may be selected from the user interface. The information may be
converted to a lighting control signal and the lighting control signal may be communicated to a
communication port. The communication port may be a USB port, serial port, parallel port,
firewire port, high-speed communication port, optical port or other communication port.

[0073] An example of a software program designed to collect information and convert the
information to lighting control signals is in DMXPlayerFrame.java written by Brian Chemel. The
code of the program is included as part of the specification of PCT application
PCT/US01/43288 which is published as WO 02/45467 A2.

[0074] In another embodiment, a lighting device could also be incorporated into an appliance
to indicate the appliance activity. An example of this would be where a lighting device is
incorporated into an iron. The lighting device could indicate the temperature of the hot plate.
The indicator could be associated with a temperature sensor, timer or other device for
indicating the condition of the iron. As the iron warms up, the lighting device could slowly
change from blue, to green, yellow and finally red when the desired temperature is achieved or
when the device is above a predetermined temperature. The entire enclosure could be lit or a
portion of the enclosure could be lit. The lighting device could also indicate any other
parameters of the appliance. The water level in the appliance maybe monitored and the
information may be converted to light control signals to generate a particular illumination effect.

[0075] The lighting device can produce a wide range of hue, saturation and intensity and each
of these parameters can be independently changed. Each of the parameters may be used to
indicate different information. For example, if the system is monitoring stock price, the hue
could change as a result of the stock price exceeding a predetermined value and the
saturation could change as a result of how far in excess the stock value has reached
compared to the predetermined value. Another example would be where the hue is indicative
of a parameter and intensity and saturation are indicative of a level of the parameter. The
lighting device may be monitoring a stock portfolio and the temperature in the Cayman Islands.
The hue of red may indicate the lighting device is monitoring the stock portfolio and the hue of
green may indicate the temperature. The intensity or saturation of the particular hue may
increase as the portfolio or temperature increase.

[0076] These devices can also be designed to respond or send information to another device.
The device could be associated with sensors, transducers, or other devices for monitoring the
activity around or of the device. For example, the device could be associated with a sensor
such that when the device is picked up it sends a signal to another device such as, but not
limited to, a network. This signal could then be interpreted by another device for further action.

[0077] A lighted keyboard could also be used to teach typing or indicate other information. In
teaching, the indicators located under each key could be single LEDs to produce only one color
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or they could contain multiple colored LEDs. The keys could light when the student is supposed
to touch certain keys and the keys could change colors if the instructions were not followed.
Games could also be created using the colored or lit keys.

[0078] Another embodiment of the present disclosure employs a combination of an information
system and a lighting device in a vehicle. In vehicle applications, a LED lighting device may be
used to light the interior, exterior, within the vehicle or associated with the vehicle. Reasons for
vehicle illumination may be to provide general illumination, for decorative purposes, for
observation of instruments, for information conveyance, or for any other purpose. See U.S.
Patent Application No. 09/213,607 "Systems and Methods for Sensor-Responsive lllumination”.
The dashboard of the vehicle maybe illuminated with an LED device with color changing ability
and this lighting device may change colors as the result of a manual input, a sensor input, a
transducer input or any other input.

[0079] The block diagram of Fig. 8 illustrates a block diagram suitable for an illumination-
based vehicle information system according to the principles of the invention. As with other
information systems disclosed herein, processor 2 is associated with several controllers 3. The
controllers 3 control the power to the LEDs 4. As used herein, the term processor may refer to
any system for processing electronic signals. A processor may include a microprocessor,
microcontroller, programmable digital signal processor, other programmable device, a
controller, addressable controller, addressable microprocessor, computer, programmable
processor, programmable controller, dedicated processor, dedicated controller, integrated
circuit, control circuit or other processor. A processor may also, or instead, include an
application specific integrated circuit, a programmable gate array, programmable array logic, a
programmable logic device, a digital signal processor, an analog-to-digital converter, a digital-
to-analog converter, or any other device that may be configured to process electronic signals.
In addition, a processor may include discrete circuitry such as passive or active analog
components including resistors, capacitors, inductors, transistors, operational amplifiers, and
so forth, as well as discrete digital components such as logic components, shift registers,
latches, or any other separately packaged chip or other component for realizing a digital
function. Any combination of the above circuits and components, whether packaged discretely,
as a chip, as a chipset, or as a die, may be suitably adapted to use as a processor as
described herein. It will further be appreciated that the term processor may apply to an
integrated system, such as a personal computer, network server, or other system that may
operate autonomously or in response to commands to process electronic signals such as
those described herein. Where a processor includes a programmable device such as the
microprocessor or microcontroller mentioned above, the processor may further include
computer executable code that controls operation of the programmable device. In an
embodiment, the processor 2 is Microchip PIC processor 12C672 and the LEDs 4 may be red,
green and blue.

[0080] The controller 3 may be a pulse width modulator, pulse amplitude modulator, pulse
displacement modulator, resistor ladder, current source, voltage source, voltage ladder, switch,
transistor, voltage controller, or other controller. The controller controls the current, voltage or
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power through the LED 4. The controller also has a signal input wherein the controller is
responsive to a signal received by the signal input. The signal input is associated with the
processor such that the processor communicates signals to the signal input and the controller
regulates the current, voltage and or power through the LED. In an embodiment, several LEDs
with different spectral output may be used. Each of these colors may be driven through
separate controllers. The processor and controller may be incorporated into one device. This
device may power capabilities to drive several LEDs in a string or it may only be able to
support one or a few LEDs directly. The processor and controller may also be separate
devices. By controlling the LEDs independently, color mixing can be achieved for the creation
of lighting effects. Electronic memory 6 may also be provided. The memory 6 is capable of
storing algorithms, tables, or values associated with the control signals. The memory 6 may
store programs for controlling the LEDs 4. The memory may be memory, read-only memory,
programmable memory, programmable read-only memory, electronically erasable
programmable read-only memory, random access memory, dynamic random access memory,
double data rate random access memory, Rambus direct random access memory, flash
memory, or any other volatile or non-volatile memory for storing program instructions, program
data, address information, and program output or other intermediate or final results. A
program, for example, may store control signals to operate several different colored LEDs 4. A
user interface 1 may also be associated with the processor 2. The user interface may be used
to select a program from memory, modify a program from memory, modify a program
parameter from memory, select an external signal or provide other user interface solutions.
Several methods of color mixing and pulse width modulation control are disclosed in U.S.
Patent 6,016,038 "Multicolored LED Lighting Method and Apparatus”. The processor 2 can
also be addressable to receive programming signals addressed to it.

[0081] Another useful interface is an interface that is associated with a power source. An
energy storage element can be associated with a power source. The energy storage device
can also be associated with a processor. The energy storage element may be a capacitor,
non-volatile memory, battery backed memory, relay, storage device or other energy storage
element. The element may communicate a logic high and a logic low signal to the processor
depending on the state of the element. For example, the element may communicate a low
logic signal when the device is connected to the power source and a high logic signal when the
device is disconnected from the power source. The high logic signal may change to a low logic
signal following a predetermined period of time and the processor may be monitoring the
signal. The lighting device could be programmed such that a last lighting program may be
operating when the device is de-energized. If the device is re-energized within a
predetermined period, while the logic signal is still high, the device may select a new program
from memory to execute. If the device is not re-energized within the predetermined period, the
device may start up in the last lighting program or a default program. A non-volatile memory,
battery backed memory or other memory may be provided such that the last program is
remembered. The technique can be used to change the program, a program parameter or
other setting. This technique can be used in a device that does not include a separate user
interface by turning the power to the lighting device off and on. A separate switch could also be
employed to provide the user interface as well as an on/off switch.
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[0082] Sections of a vehicle can be lit with LEDs to produce many different illumination effects.
Fig. 10 depicts an LED lighting device 1000 that includes at least one LED 1002 and a
processor 1004. The processor can be a device such as a processor, a microprocessor, a
circuit, a computer, a microcomputer, a controller, a network or other processor for controlling
the LEDs to produce illumination. The processor 1004 will be associated with the LEDs 1002 to
control the LED 1002 output and the processor 1004 may be incorporated into the lighting
device or maybe remotely located. The lighting device can be powered through external
methods or on-board methods. The system may be adaptable for attaching to an A.C. source
or D.C. source. The on-board solutions include providing a battery, cell, solar system,
rechargeable system, wind system, water system or any other system for supplying power to
the system.

[0083] An object can be lit with one or more LEDs to provide illumination. Where one LED is
used, the object may be lit with a single color with varying intensity or the intensity may be
fixed. In a preferred embodiment, the object being lit includes more than one LED and in
another embodiment the LEDs are different colors. By providing a lighted object with different
colored LEDs, the hue, saturation and brightness of the object can be changed. The two or
more LEDs can be used to provide additive color. If two LEDs were used to light the object with
circuitry to turn each color on or off, four colors could be produced including black when neither

LED is energized, two LEDs with two intensity levels yields 22 colors. Another example is where
three LEDs are used to light the object and each LED has three intensity settings. This

configuration yields 33 or 27 color selections. In a preferred embodiment, the LED control
signals would be PWM signals generated by a microprocessor using three LED channels with
at least one LED per channel to generate 16.7 million colors.

[0084] The lighting devices could also be networked together to provide for coordinated effects
or other effects. Fig. 11 illustrates one such network solution. A plurality of lighting devices
1000 is associated through a network 1104. The network 1104 could provide lighting control
signals 1102 through a transmitter, circuit or network 1104 to the devices 1000 and the devices
may have addressable controllers for receiving the lighting control information. The network
could use any communication method such as wire, cable, network, electromagnetic
transmission, RF transmission, IR transmission, microwave transmission or any other
communication method. Packets of addressed information may be sent through the network
and the individual or groups of lighting devices could be waiting listening for its address and
then executing the lighting control commands upon receipt of its packet. The packets of
information may also be sent to all of the lighting devices and the devices may not have
addressable controllers. Another configuration of a networked system would be using a master
lighting device 1102 and at least one slave device 1000 as depicted in Fig. 12. The master
device could communicate lighting instructions to the slave device and several slave devices
could have addressable controllers to provide coordinated effects.

[0085] Many of the illumination applications could also use stand-alone devices providing
individual lighting effects. The lighting device could be associated with a user interface to select
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a program from memory for example. The lighting device could also include a data port for
receiving new programs. The lighting device could be programmed with a plurality of lighting
control routines to be selected by the user such as different solid colors, slowly changing
colors, fast changing colors, strobing light, or any other lighting routines. The selector switch
could be used to select the program. Another method of selecting a program would be to turn
the power to the lighting device off and then back on within a predetermined period of time. For
example, non-volatile memory could be used to provide a lighting device that remembers the
last program it was running prior to the power being shut off. A capacitor could be used to keep
a signal line high for 10 seconds and if the power is cycled within this period, the system could
be programmed to skip to the next program. If the power cycle takes more than 10 seconds,
the capacitor discharges below the high signal level and the previous program is recalled upon
re-energizing the system. Other methods of cycling through the programs would be obvious to
those skilled in the art.

[0086] The lighting device could also receive external signals and generate illumination
conditions corresponding to the received signal. This may be a useful technique for changing
illumination conditions in response to a sensor, transducer, signal, network signal or other
signal. The sensors may be equipped to receive communication signals such as
electromagnetic, RF, microwave, IR, acoustic or other signals. The reception of the
communication signals may be accomplished through wire, cable, network, receiver,
electromagnetic receiver, acoustic receiver or any other suitable receiver. The communication
signals may be transmitted as lighting control signals to be used by the lighting device or the
signals may require some transformation, interpretation, signal processing or other process
step to be converted into lighting control signals. For example, a sensor may feed an analog
voltage to the lighting device and the lighting device may convert the voltage to a digitized
signal to control the LEDs. The control signal sent to the LEDs may correspond to the sensor
voltage to create illumination effects that correlate with the sensor voltage.

[0087] In vehicle applications, a LED lighting device may be used to light the interior, exterior,
within the vehicle or associated with the vehicle. Reasons for vehicle illumination may be to
provide general illumination, for decorative purposes, for observation of instruments, for
information conveyance, or for any other purpose. See U.S. Patent Application No. 09/213,607
"Systems and Methods for Sensor-Responsive lllumination”. The dashboard of the vehicle may
be illuminated with an LED device with color changing ability and this lighting device may
change colors as the result of a manual input, a sensor input, a transducer input or any other
input.

[0088] As an example, a lighting device may be provided wherein the lighting device includes a
combination of two different colored LEDs. This lighting device may be used to light an
instrument panel, portion of an instrument panel or specific instrument on the vehicle's
dashboard, such as the tachometer. Fig. 9 depicts a tachometer 901. The lighting device could
receive signals from various segments of the vehicle that are monitoring engine speed. This
engine speed could then be transmitted to the lighting device and cause the tachometer to
change colors in response to changes in engine speed. This could be used to supplement the
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mechanical section of the tachometer or replace the tachometer. The color may continually
change to match the engine speed or the lighting conditions could be stepped or produce other
effects at predetermined levels. For example, the tachometer may be lit with one or more LEDs
to create the appearance of a white panel until the engine speed reaches a warning level
where the lighting conditions would be changed to yellow. Upon further escalation of the
engine speed, the lighting conditions may change the tachometer to red and may even flash
red on and off if a particular engine speed is surpassed or maintained for a predetermined
period of time. A section of the instrument may also be lit with the LED lighting device. For
example, a lighted panel may be provided along with the tachometer and this panel may
change in color or respond by producing a predetermined color in concert with the engine
speed.

[0089] This type of changing illumination to provide information can be used in a variety of
areas in the vehicle and to provide information about a variety of performance, ambient,
environmental or other conditions. For example, information regarding inside temperature,
outside temperature, engine speed, oil pressure, vehicle speed, air quality, system settings,
pending collision, traffic density, fuel mileage, remaining fuel, battery status, or for electric
vehicles, remaining battery charge, or any other information could be converted to changing
illumination conditions. Information regarding network communications could also be displayed.
For example, lighting conditions could change indicating new email or an incoming phone call
has arrived. The lighting is not limited to the dashboard, although this area may be more visible
to a driver, and may provide the driver with easily viewed and interpreted information regarding
vehicle performance, system settings and any other useful or required information. Such
illumination devices could also be used in heads-up displays to convey information to the
windshield or other areas where information is projected. The LED lighting system may be
used throughout the vehicle to provide decorative or informative lighting effects.

[0090] These lighting systems can also be used with manual switches, sliders, dials or other
devices to change the settings manually. The user of the vehicle may want to change the
coloring of the interior, exterior or internal space of the vehicle to a particular color or to
provide color-changing effects. An example of a decorative color-changing effect is where the
color of the light slowly changes similar to a color wheel.

[0091] Another useful example of such a lighting device for the vehicle is where it is used for
general illumination as well as a decorative display. A cup holder may be lit with such a lighting
device. This system may include a fiber optic system for lighting a ring around the cup holder.
For example, two or more LEDs may be positioned to couple light into a fiber and the fiber may
be positioned around the cup holder. The light would then couple to the fiber and be
transmitted through the fiber. The fiber may be frosted, include a pattern, have imperfections
or other characteristics such that the light is diverted by the frosting or pattern and projected
out of the fiber. Using a frosted fiber can create the illusion that the string is evenly lit. Such
devices may also carry information to the user as described above or they may be constant
color or manually changing color devices.
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[0092] Coordinated effects such as chasing rainbows or other effects could be created by
networking the lighting devices together. This maybe useful in decorating the outside of a
vehicle for example. The lower portion of the body of the vehicle could be lit with a plurality of
lighting devices and the light could be projected to the ground to create moving color changing
effects around the vehicle. See U.S. Patent Application No. 09/215,624 "Smart Light Bulb".

[0093] Supplementing or replacing the dome lights and task lights in the vehicle with an LED
lighting device could also be very useful. The color projected from these lights could then be
tunable for various conditions. The lighting device may include a selector for selecting the color
red, for example, to provide lighting but avoid eye fatigue and overexposing the eyes to white
light while the eyes have become adjusted to the darkened conditions. The lighting could also
be set to project a particular color when the car is unlocked or an alarm is disarmed. This could
assist the user in finding his vehicle in a crowded parking lot by turning the inside of the vehicle
to a flashing blue or changing colors.

[0094] It would also be useful to provide a brake lighting system that would have variable
brightness corresponding to the brake pedal pressure, deflection or other input. This could be
used, for example, to alleviate problems associated with false indications of the driver's intent.
With conventional incandescent brake lighting systems a variable brightness system could be
employed by varying the voltage supplied to the light fixture in relation to the brake pedal
position. A significant problem associated with energizing the incandescent lamps at low power
is that they will not warm-up as fast and as a result they will not attain the desired brightness as
quickly as desired. This type of control has been impossible to achieve with conventional light
emitting diode brake lighting systems because these systems employ simple circuitry to turn
the light emitting diodes on or off with no way of varying the light intensity.

[0095] A lighting system according to the invention could also be used as a warning system.
For example, the brake lighting system of a vehicle could be designed to provide varying
effects. A braking system could be made where the light-emitting diode brake light intensity
would correspond to the brake pedals deflection or pressure. WWhen the braking rate, peddle
pressure or other measure of the driver's intent is measured, a corresponding lighting control
signal could be sent to the brake lighting system. For example, the driver may only lightly apply
the brakes and the brake lighting system may then light at a reduced level. This would indicate
to following cars that the driver is slowing and not coming to an abrupt halt. Another example is
where the pressure in the brake fluid lines or the pressure of the brake pads on the brake discs
would be used to drive signals to the braking system. The speed of the vehicle or rate at which
it is changing speed may also be used to provide signals to the braking system. The lowest
light intensity can still be fixed at a level high enough to cause warning. The light emitting
diodes generate light almost instantaneously to provide a very fast warning even at the lower
intensity level, avoiding the slow turn-on problems associated with the incandescent system.

[0096] One such system could comprise a position, pressure, velocity or other transducer on
the brake pedal or in the braking system. Other sensors could also be employed to create the
necessary signals to indicate the desired lighting changes. For example, when the pedal is
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depressed, a transducer could output a control signal to be used as an input signal to the
microprocessor driving the light emitting diodes. A microprocessor could then create a
corresponding PWM signal to energize the light emitting diodes. Other input signals could be
generated from devices linked to the vehicle's speed sensing system.

[0097] A system according to the principles of the invention can also be used to create other
warning signals. For example, when the brake pedal is depressed with great force or speed
the brake lights could flash by cycling the light emitting diodes at full brightness in a warning
pattern. The light emitting diode system is much better than an incandescent system for this
kind of warning signal because of the fast response of the light emitting diodes. Rather than a
slow flashing rate, as with incandescent automobile flasher or blinker assemblies, the light
emitting diodes can be cycled fast enough to make a strobe effect. These lighting effects can
also be combined with other functions in the vehicle such as using them as flashers indicating
the vehicle is disabled or stopped. Other switches in the vehicle such as a hazard light switch
or a fog light switch could also turn on the light emitting diode lighting fixtures. Another
advantage of using a light emitting diode system to provide hazard lighting is the system
consumes far less power than an incandescent system. The low power consumption will
increase the time the vehicle can operate the warning lights when the only available power is
the battery. In a situation where the vehicle is operating in low visibility conditions, a fog light
switch could be used to activate a portion of one or more of the light emitting diode fixtures to
provide a warning beacon.

[0098] The warning system could also use two or more different colored LEDs to provide color-
changing effects and or combined lighting effects. For example, the light from two or more
different colored LEDs could be used to generate a combined color. This may be useful where
specific warnings or information is desired. A portion of the tail light assembly may be changed
to produce orange in foggy situations to provide a beacon in the back of the vehicle. The light
assembly may change to green to indicate the vehicle is in a particular condition.

[0099] A lighting system according to the invention may also be used as a diagnostic tool. The
lighting system may be inside of the vehicle, outside of the vehicle, within portions of the
vehicle or in another place associated or remotely located from the vehicle. Many of today's
vehicles have input and output ports to send and receive information. For example, a
mechanic may connect a diagnostic system to a port on the vehicle to receive information
concerning the vehicle's operation and the mechanic may also send the vehicle's system
information to change, set or reset a parameter. These same or other communication ports
could be used to send the lighting system information regarding the operation of the vehicle. A
lighting system according to the principles of the invention may be used to receive signals from
the vehicle and display a color or lighting effects corresponding to the information in the
signals. The signals received from the vehicle may need to be converted into lighting control
signals. This conversion could be accomplished, for example, with a processor. The processor
may be programmed to receive and interpret the signals and then communicate corresponding
lighting control signals. A useful placement of such a lighting device may be under the hood of
the vehicle such that it could be seen when the hood is opened. The color of the lighting device
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or of the illumination emitting from the illumination device could indicate any faults,
maintenance issues or other information. This could also be used to replace or supplement the
indicator lights within the vehicle. For example, rather than having multiple lights for indicating
faults or other information, a single lighting unit according to the invention could be used. This
system could indicate many different faults or information by generating specific colors or color
changing effects. For example a panel of sufficient size, for example one inch square, could be
backlit with a lighting system according to the principles of the invention. The lighting system
could cause the panel to change in color to indicate a particular condition or information. A
system according the principles of the invention could also receive signals from outside of the
vehicle. For example, the system may receive network signals, transmissions,
telecommunication signals, signals from the World Wide Web, local area network, personal
area network, or other signals. The panel could then change colors to indicate the source of an
incoming phone call, receipt of an email, financial information or any other information.

[0100] Another embodiment is an information system suitable for an office, workplace, home
office, room, dorm room, or similar user environment. The information system may receive
data indicative of a variable and the system may convert the information to light indicative of
the information. For example, the information system may receive data regarding the net worth
of an individual and this value may be converted to a particular color of light depending on the
actual value as compared to an average value. If the net worth is above the average value, the
color of the light may be green and the higher the value is above the average the more blue
the light changes. When the net worth value is lower than the average value, the light may be
pink and slowly change to red and end with a flashing red light pattern when the value bottoms
out at some predetermined value. The light may not change colors but rather turn on at a
particular value. The light may be off until the net worth reaches a predetermined value and
then the light may turn on red or generate a flashing pattern. The system may also change
colors abruptly by turning one color off and another color on such as when the value is in the
red range and then in the green. One skilled in the art would appreciate that there are many
other light colors and patterns that could be generated to indicate information regarding
received information.

[0101] Fig. 13 represents an information system. In this embodiment, a cube 1300 is depicted
having sides or side panels 1302. The side may panels include designs, images, logos or the
like 1304. The designs 1304 may be removably attachable to the side panels 1302 or they may
be permanently affixed or etched into the side panel 1302. The design may also be embedded
in the side panel 1302. A system such as that found in Fig. 13 may include a lighting system
such that the side panel and or the design can be illuminated.

[0102] Fig. 14 represents a lighting system according to the principles of the invention. At least
one LED and preferably a group of LEDs 1404 may be used to illuminate the side panel 1302
and or the design 1304. The LEDs 1404 may all be of similar color or they maybe of dissimilar
color. In a preferred embodiment, the LEDs 1404 maybe different colored LEDs 1404R red,
1404G green, and 1404B blue. By using different colored LEDs 1404 many different colors
may be generated by combining the light from more than one LED 1404.
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[0103] In an embodiment, three different colored LEDs 1404R, 1404G, and 1404B may be
used to light a design in the side panel. The separate colors may be energized at separate
times to generate individual colors of the design or two or more of the colors may be energized
simultaneously to generate a combined color for illuminating the design.

[0104] Referring to Fig. 15, in a preferred embodiment, the separate LEDs 1404R, 1404G, and
1404B maybe controlled through a processor 1502. The processor 1502 may generate pulse
width modulated signals or drive the LEDs with analog voltage or other means. Color changing
techniques using a single LED or combination of different colored LEDs via a processor are
taught in U.S. Patent 6,016,038. Fig. 14 illustrates that the LEDs 1404 maybe arranged to
illuminate the side panel 1302 and or the design 1304. One skilled in the art would appreciate
that there are many other configurations where the LEDs 1404 could be used to illuminate the
panel 1302.

[0105] A block diagram of a lighting system according to the principles of the present invention
can be found in Fig. 15. The LEDs 1404 may be individually controlled by a processor 1502.
The processor 1502 maybe associated with a memory 1504 wherein the memory may include
lighting programs or signals that can be associated with received information. In a preferred
embodiment, the processor may be a microprocessor, however, it would be appreciated by
one skilled in the art that there are many types of processors and processing circuits that could
be used. An information signal may be received through data port 1508. The data port 1508
may be a wired or wireless port. The data may contain variable information regarding most any
variable. For example, financial information, weather information, sports information, business
information, personal information, computer information, performance information,
entertainment information, health information, game information, or any other information. An
embodiment of an information system, as shown in Fig. 13, may receive a plurality information
signals regarding different variables. For example, the system may receive information
regarding the weather information, financial information, and the score of a sporting event. The
system may then display the information as colored light illuminating a side panel
corresponding to the type of information. For example, the sporting event score may be
translated into color control signals and the color control signals maybe used to control the
LEDs 1404 lighting the panel 1302 containing the football shaped design.

[0106] In an embodiment, the information system may comprise a cube as illustrated in Fig.
13, pyramid, dodecahedron, sphere, polygon, tetrahedron, cone, rectangular solid, fanciful or
other shape. The panels and or designs may be permanently affixed to the information system
or they may be removably attached. When they are permanently attached, a processor 1502
maybe arranged to communicate particular control signals to a particular set of LEDs. For
example, when sports information is received on data port 1508, the processor may direct the
control signals to the LEDs that are arrange to illuminate the sports panel. One method of
accomplishing this directing of information may be to receive may different types of information
signals through input port 1508, each type of information containing an identifier identifying the
information type. The information may contain a header for example. When the information
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system receives the information signal the processor may retrieve control signals from memory
1504 corresponding to the particular type of information and the communicate control signals
to the LEDs in the appropriate panel. WWhen the panels or designs are removably attached, the
panels and or designs may include a feature that indicates its form and the feature may be
received by the processor to identify the particular panel with a type of information.

[0107] In an embodiment, the information system may be a cube or other shape and the entire
or substantial portion of the cube maybe illuminated. The panels 1302 maybe associated with
particular information sources but the entire cube may appear to be illuminated. Changing the
orientation of the cube as illustrated in Fig. 16, for example, may change the source of the
information or the information display. The cube may contain a position-oriented switch or
device such that the position of the switch determines which source of information will be
displayed. For example the switch may a gravity-activated switch or a position activated switch
where a metal ball moves through a pathway to make contact with one of a plurality of
connectors or any other position switch. In an embodiment, the information system may
receive different types of information through a communication port 1508 and the information
system may select the information to display through the switch position. In an embodiment,
the information system may receive only one type of information and the source or type of
information may be determined by the switch position. The switch position may also be
communicated to an information source to initiate communication of an information signal.

[0108] Fig. 17 illustrates an embodiment where a user interface 1702 is used to determine the
type of information to be displayed by the information system. The user interface may be a
switch, dial, slider or any other type of interface. The user interface may be a wired or wireless
device. Fig. 18 Iillustrates yet another embodiment where the selection of the type of
information to be displayed is generated through the position of the device within a cradle or
base. A cube may be associated with features 1808, for example, and the base 1802 may be
associated with receiving features 1804. The patterns or other identifiers of the features may
determine which information is to be displayed.

[0109] Fig. 19 illustrates another information system. The panels 1302 in this embodiment are
triangular and positioned to overlap one another. The panels 1302 maybe edge lit, that is, the
LEDs 1404 maybe arranged to light the panels by injecting light through one or more of the
panel edges. Each panel 1302 may be lit with a different LED 1404 or set of LEDs 1404 such
that each panel may be independently illuminated.

[0110] The present invention has been described through several illustrative embodiments and
these embodiments should not be used to limit the invention. For example, while many of the
embodiments described herein indicate the processor and memory reside within a housing
wherein the LEDs are also located, these elements may reside remote from the illumination
device. A second processor may be used to communicate information signals to the
illumination system or a second processor may be used to communicate control signals to the
LEDs. A computer for example may retrieve information from the World Wide Web and
communicate scalar information to the information system. The computer may also be used to
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generate control signals to be communicated to an illumination or information system.

[0111] Another embodiment provides illumination for backlighting of display screens, such as
liquid crystal display panels. With the advent of high brightness LEDs, general illumination and
illumination of objects with LEDs has become a viable, efficient, economic and long life solution
in many applications. U.S. Patent 6,016,038 describes many methods and uses for LED
display lighting and illumination control. This technology has also enabled the edge, back,
surface and through lighting of materials with LEDs to produce bright illumination effects of
objects. The effects can be used for lighting an object with a solid color, changing the light
intensity of the object, changing the objects color or the effects can take on a dynamic form of
color effects or coordinated color effects by and between separate objects.

[0112] An object can be lit with one or more LEDs to provide illumination. Where one LED is
used, the object may be lit with a single color with varying intensity or the intensity may be
fixed. In a preferred embodiment, the object being lit includes more than one LED and the
LEDs are different colors. As discussed above, in a preferred embodiment, the LED control
signals would be PWM signals generated by a microprocessor using three LED channels with
at least one LED per channel to generate 16.7 million colors. This technique is described in
U.S. Patent 6,016,038.

[0113] In an embodiment, disclosed herein is a monochrome-image LCD screen with a color
changing backlighting system. The back lighting system could be used for illumination,
increased contrast, providing information, ornamental purposes or any other reason. It would
also be useful to provide an LCD display with low cost and high-energy efficiency, along with
the benefit of changing the color of the device.

[0114] Referring to Fig. 20, to provide a color changing back lighting system, two or more
different colored LEDs may be provided. The LEDs may be directed to illuminate the LCD
screen 2002 from behind such that the energized liquid-crystals block a portion of the light. As
illustrated in Fig. 21, the LEDs 2106 may be arranged to light a second surface 2104 such that
the second surface appears evenly illuminated. This second surface 2104 may be positioned
behind the LCD screen 2002 to provide a surface of backlighting. The second surface 2104
may be lit using backlighting, edge lighting, surface lighting, through lighting or other lighting
method.

[0115] In an embodiment, a controller 2108 is provided to control the LEDs and the controller
2108 is associated with a program signal input. A program signal may be communicated to the
program signal input. The program signal may contain information for the lighting system. The
signal may be in a digital or analog format. If the signal is in an analog format, an A/D
converter may be provided to convert the signal to digital. Upon receipt of a digital signal, the
controller can initiate control signals to the LEDs. In a preferred embodiment, the control
signals are pulse width modulated signals that correspond to the program signal. For example,
the system may be provided with a memory for storing lighting control signals and the memory
may be associated with the controller. The stored programs may represent particular program
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signals such as a particular color, color changing effect or other lighting condition. A program
signal may be received indicating that the user has selected the color blue as a background
and the controller would activate the blue control signals to change the backlighting to a blue
condition.

[0116] The system may include a user selector such as a button, dial, selector switch or other
selector for initiating the desired program signals. For example, the system may have a button
for stepping through several programs. Program names may be illustrated on the LCD screen
or they may be indicated elsewhere. In many applications, the LCD screen is part of another
device that has buttons, screen activated selection or other selector mechanisms. These
selector mechanisms can also be used to provide the program signals to the back lighting
system. In other devices the LCD screen is separate from the device sending the program
signals and the program signals may be sent through electromagnetic transmission, RF
transmission, IR transmission, microwave transmission, acoustic transmission, wire, cable,
network or any other communications method.

[0117] In a preferred embodiment, the color changing back lighting system is part of an LCD
screen in a telephone. Many telephones include an LCD screen as a portion of the user
interface. As described hereinabove, these LCD screens are generally monochromatic with
single colored backlighting systems. The backlighting system could be used to provide pleasing
color changing effects or to provide information. The telephone could be a telephone, phone,
cellular phone, communication device, digital phone, analog phone, satellite phone, or any
other type of telephone. The controller may have a program signal input and the program
signal may be provided through a button or other user interface. The program signal may also
be communicated to the phone through the phones normal communications method. This
transmission may be a microwave transmission for a cellular phone or wire transmission for a
land based phone or other communication transmission method. The program signal could
also be a separate transmission. The transmission may include information about an incoming
calls origin (caller id) as well as other information. The backlighting of the LCD screen could
change colors to correspond to the caller id information or other information received. For
example, the backlighting system may be associated with memory and the memory may be
programmed with several lighting control programs. One of the lighting control programs may
be to change the backlighting system red and another program to change the lighting to green.
The user may load caller id information into the phone such that when a particular call is
received the phone screen should turn red, indicating the user should not answer the phone.
This provides a very fast and effective method of alerting the user of the caller id without
having to read the information on the screen. The screen could also change to green when the
incoming call is from a person the user has identified to provide information that the user wants
to answer the phone. A particular number may also be programmed to provide color-changing
effects such as quickly changing the screens color from blue to red covering all of the colors in
between.

[0118] The program input could also be associated with a sensor. The sensor could provide a
signal indicative of temperature or other condition and this information could be translated to a



DK/EP 3168625 T3

color or color changing effect in the LCD screen. If the sensor provides an analog voltage
signal, an analog to digital converter could be provided to change the signal to a digital signal.

[0119] Fig. 22 illustrates an LED array 2202 that may be used to edge light a back lighting
panel. The LEDs 2106 may be arranged in an alternating fashion such as red, green, and then
blue or any other arrangement to provide color mixing of the projected light. This array may be
attached to one edge of the back lighting panel and a mirror or other reflective surface may be
located on the opposite surface. One or more LED arrays may be used on any given
backlighting surface.

[0120] The caller id system could also be separate from a phone and could be a standalone
device. The caller id system could be a lighted object or material and is not limited to an LCD
screen. For example, two or more different colored LEDs could be provided to light a material,
translucent material, semi-translucent material or any other material that will provide
illumination or display of the colored light. The system could include a controller for controlling
the LEDs as well as a program signal input for receiving information. The information received
could include information regarding the origin of the caller and this information could be used
to change the color of the device. This type of lighting device could be used as a decorative
lamp as well as an information system. The lamp maybe table mounted, ceiling mounted, floor
mounted, wall mounted, a hand held device, a portable device or any other configuration. The
system may be used for general illumination and then the lamp may change colors to indicate
the origin of the call.

[0121] The information received by the LCD backlighting system could be any kind of
information. In a preferred embodiment, the information may be converted into corresponding
lighting control signals to provide information through a colored or color changing LCD screen.
This could be used to display information regarding financial information, environmental
information, status, timing, battery power, or any other information. See related Provisional
Applications from Color Kinetics, "Information System"”, "Intelligent Indicators", "Color Changing
LCD Screens" and "LED Based Lighting Systems and Methods for Vehicles". One example of
using the backlighting system as a source of information is when the user wants to monitor the
value of a company's stock. Information regarding the stock price could be received by a
cellular telephone that is equipped with a color changing backlighting system. This information
could then be converted into lighting control signals to change the color of the backlighting
system. The LCD screen may begin to flash green when the stock price has reached a
predetermined high value or change to cyan when the volume is high. The screen could also
slowly or quickly change colors to indicate the close of the stock exchange. These effects could
be programmed into the lighting system such that when information is received the lighting
system activates the corresponding lighting control signals from memory. The system could
also be arranged to receive information in the form of lighting control signals to be sent to the
LEDs for lighting control. Another method would be to receive signals that include lighting
control information. This information could be decoded such that the lighting control
information is communicated to the lighting system and the other information is communicated
to another device.
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[0122] The color changing LCD screen could be used to supplement or replace other
information systems. For example, when the telephone rings the colored screen may change
colors or flash different colors to indicate an incoming call. The ringer and vibrating system
may also be deactivated to allow a visual indication of the call. Another example of a useful
color changing display is when the color changing display is used in conjunction with a gaming
system. The backlighting system may change color in response to a received signal. The
backlighting may also change colors to indicate that a certain level in the game has been
reached or that there is a dangerous predator lurking nearby. This provides the user with
another level of interaction to increase the pleasure derived from the gaming experience. A
popular version of a hand-held gaming system is the Gameboy. This game includes a
monochrome-image LCD and could be provided with a color changing back lighting system.
The software that runs during the game could be programmed to change the color of the
backlighting to suit particular situations in the game. Also see attorney docket number CKC-
30.60 "Digital Entertainment II" and attorney docket number CKC-12.06 "Lighting
Entertainment System".

[0123] As would be obvious to a person skilled in the art, the color changing backlighting
system could be used wherever an LCD screen is useful including in a telephone, phone,
cellular phone, digital phone, analog phone, communication device, gaming device, portable
gaming device, personal digital assistant, pager, calculator, portable device, computer,
information device, information screen, display screen, MP3 player, music player, CD player,
DVD player, or other device.

[0124] Another embodiment disclosed herein is an information and illumination system that
serves as an indicator of a condition of a package, container or similar item. Fig. 23 illustrates
a package 2302 with an intelligent package indicator 2304. The package indicator 2304 could
be attached to any object including, but not limited to, a package, box, containers, containers
for perishables, containers for blood, containers for body parts, clothing, food, automobile,
telephone, computer, goods, apparel or any other object. The indicator 2304 could include two
or more LEDs with a processor. The processor could control the LEDs through a pulse width
modulated signal (PWM), through analog voltage control, through a resistor ladder, or any
other control technique. WWhen combinations of LEDs of two or more different colors are used,
the illumination from each LED can mix with the others to project a combined color. As
discussed above, in a preferred embodiment, control circuitry using PWM signals generated by
a microprocessor using three LED channels with at least one LED per channel can generate
16.7 million colors.

[0125] Referring to Fig. 24, in a preferred embodiment, a flow diagram 2400 demonstrates the
flow of steps by which a processor 2402 of the indicator would be capable of receiving program
signals at a step 2404 to change the color of the indicator at a step 2408. The program signals
may come from a timing circuit, sensor, transducer, or any other device for generating program
signals. In an embodiment, the input comes from a sensor 2410. The program signals may
represent conditions such as, but not limited to, temperature, time, humidity, shock, vibration,
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noise, electrical signals, or electromagnetic signals. For example, a package may have a shelf
life of three days so the package indicator may be equipped with a timing device to monitor the
time the product sits on a shelf or is in transit. As the time period elapses, the color of the
indicator may change. The indicator may be green during the first twelve hours and it may
gradually change to red by the end of the third day indicating the package contents may be
spoiled. The indicator can intermittently light to conserve battery power. For example, the
indicator may flash the color for a period of 0.1 seconds every five seconds. The indicator may
also be equipped with a button or other switch to put it into a continuously lit mode or other
mode for ease of identification. The customer may use this feature to better identify the color.
Another example where the package indicator would be useful is where the package contents
are not permitted to be exposed to elevated or lower temperatures. A temperature-sensing
device could be associated with the indicator and the indicator could change its color
depending on the temperature conditions during shipping. This could also be useful for
shipments of perishable goods. The processor may further process and interpret temperature
data provided by a temperature sensor. For example, the processor may generate an 'okay’
color, such as green, when no temperature conditions have been violated, and may generate a
'not okay' color, such as red, when one or more temperature conditions have been violated.
Temperature conditions may include a maximum temperature, as well as a maximum time-
temperature determined through integration of temperature measurements over time. For
cold-sensitive materials, the processor may integrate all temperature measurements below
some predetermined minimum. Integrated temperature measurements may or may not be
additive, as in summing two different periods of elevated temperature, depending on the
sensitivity of package contents to temperature variations. Fig. 2 illustrates a block diagram of
how the package indicator may operate.

[0126] Different environmental conditions may be tracked together. For example, an elevated
temperature may only be relevant, or may be weighted differently, depending on a concurrent
humidity measurement. Air pressure may also be tracked, as where packages are shipped via
air freight. The processor may monitor for any combination and duration of environmental
conditions for sensors providing data to the processor.

[0127] The indicator may include a sensor for receiving external signals. The receiver may
receive signals such as, but not limited to, electromagnetic, RF, IR, microwave, cable, wire,
network or any other signals. The package or the device being shipped may include a
transmitter to transmit signals indicative of environmental conditions. Other devices may also
have transmitters for transmitting signals to the indicator device. For example, the contents of
a package maybe equipped with a transmitter. This transmitter may send signals to the
indicator to indicate the condition of the package. In another application, an external
transmitter may send signals to the indicator to change the indicators program or to begin a
retrieval process of stored information.

[0128] The indicator may be provided with memory to store information regarding shipping
events or other events of interest. For example, temperature data may be stored indicating the
temperature in thirty-minute intervals since the package left the hands of the shipper. This
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information could later be retrieved to provide evidence of storage conditions.

[0129] There is also provided a method of maintaining warehouse inventory using intelligent
package indicators. The indicators can be aligned on the packages in a warehouse such that
the warehouse manager can visually inspect the indicators. With a very quick scan of the
inventory on the shelf the manager may be able to tell which inventory is fresh and which
inventory needs to be processed quickly to prevent spoilage. The indicators can also include
infrared LEDs to allow for stealth monitoring of the packages. This may be useful to prevent a
customer from drawing conclusions based upon visual indicators. The infrared signals could be
viewable through an IR reading optical device or any other device used for viewing IR signals.
The IR signals could also be transmitted as data to be received by another device. This would
allow the indicator to communicate with another device such as, but not limited to, a handheld
device.

[0130] The device may also have an interface for resetting the indicator when the product is
placed for retail sale. A button, or other interface device, may be used to set the indicator into
customer mode. This may allow for certain shipping parameters to be met and then, once
shipping is complete, allow for reset of the indicator into a customer mode where a retail clock
is started.

[0131] The device may be realized using a single LED for indicating the condition of the
package. In this example, red may mean that a package is not okay and green may mean that
package is okay. Additional LEDs may be used to indicate other conditions. For example, a
yellow LED may be provided to indicate that some specified environmental conditions have
been marginally exceeded. A row of LEDs may be provided to indicate time left before
expiration of a packaged good. The processor may also provide binary coded decimal or
alphanumeric LED display driver output to display a number. The number may be indicative of,
for example, a quality level (such as between 0 and 100), a time to expiration in weeks or days,
or an expiration date that is based upon some combination of time and other environmental
conditions.
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Patentkrav

1. Kgretgjsinterigrbelysningssystem til at tilvejebringe dekorative lyseffekter, der
omfatter:
flere LED’er (4) med forskellige spektrale output;
en processor (2), hvor processoren (2) er konfigureret til at styre de flere
LED’er (4) med forskellige spektrale output uafhangigt for at opna
farveblanding, kendetegnet ved, at processoren (2) er associeret med en
brugergraenseflade (1) til at veelge et program fra et memory (6), der er i
stand til at lagre programmer til at styre de forskellige LED’er (4) med
forskellige spektrale output, hvor brugergraensefladen er en
bergringsskaerm.

2. Kgretgjsbelysningssystem ifglge et hvilket som helst af de foregdende krav,
hvor processoren er konfigureret til at styre de forskellige LED’er (4) med
forskellige spektrale output for at tilvejebringe farveaendrende-effekter.

3. Kgretgjsbelysningssystem ifglge et hvilket som helst af de foregdende krav,
hvor processoren er konfigureret til at modtage programmeringssignaler, der er
adresseret til den.

4. Kgretgjsbelysningssystem ifglge et hvilket som helst af de foregdende krav,
hvor, hvis kgretgjsbelysningssystemet er frakoblet og genaktiveret inden for en
forudbestemt tidsperiode, et nyt program veelges til at blive udfart.

5. Kgretgjsbelysningssystem ifglge krav 4, hvor memoryet er konfigureret til at
huske et sidste program, og hvor, hvis kgretgjsbelysningssystemet er frakoblet og
ikke genaktiveret inden for en forudbestemt tidsperiode, er
karetgjsbelysningssystemet konfigureret til at starte op i det sidste
belysningsprogram eller et standardprogram.

6. Kgretgjsbelysningssystem ifglge et hvilket som helst af de foregdende krav,
hvor sektioner af et kgretgj er belyst med LED’er for at producere forskellige
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belysningseffekter.

7. Kgretgjsbelysningssystem ifglge et hvilket som helst af de foregdende krav,
hvor kgretgjsbelysningssystemet er til anvendelse i et kgretgj, der er et kgretgj
over land, vandfartgj, luftfartgj, rumfartgj, automobil, bil, bus, lastbil, varevogn,
minivan, motorcykel, cykel, el-dreven knallert, tricykel, tri-motorcykel,
motoriseret arbejdsvogn, elektrisk bil, elektrisk arbejdsvogn, elektrisk cykel,
scooter, drevet scooter, skib, bad, luftpudefartgj, undervandsbad, fly, helikopter,
rumstation, shuttlefartgj, erhvervskgretgj, fritidskgretgj eller et SUV-kgretgj.

8. Kgretgjsbelysningssystem ifglge krav 1, hvor belysningskgretgjet er et
dekorativt bilbelysningssystem.

9. Kgretgjsbelysningssystem ifglge krav 8, hvor de mindst to forskellige farvede
LED’er (4) er rettet til at belyse et fiber.

10. Kgretgj omfattende kgretgjsbelysningssystemet ifglge et hvilket som helst af
kravene 1-6.

11. Kgretgj ifglge krav 10, hvor kgretgjet er et kgretgj over land, vandfartgj,
luftfart@j, rumfartgj, automobil, bil, bus, lastbil, varevogn, minivan, motorcykel,
cykel, el-dreven knallert, tricykel, tri-motorcykel, motoriseret arbejdsvogn,
elektrisk bil, elektrisk arbejdsvogn, elektrisk cykel, scooter, drevet scooter, skib,
bad, luftpudefartgj, undervandsbad, fly, helikopter, rumstation, shuttlefartgj,
erhvervskgretgj, fritidskgretgj eller et SUV-kgretgj.
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DRAWINGS
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