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FEATURE DESCRIPTION
Displays scrolled menu selections. Used for selecting and displaying desired lighting.
DISPLAY SCREEN Also used for selecting maintenance options after “MAINT" key is selected.
Pressing and holding for 5 seconds initiates a software reboot. Reset does not effect
RESET current completed light setting. Reset during light transition causes lights to revert to
last completed light setting.
Allows operator to scroll upward through menu selection until desired lighting or
UP ARROW maintenance option is aligned with selectionindicator
Allaws operator to scroll downward through menu selection until desired lighting or
DOWN ARROW maintenance option is aligned with selection indicator
ENTER Pressed ta initiate selected lighting or maintenance option.
{Accessible only with plane on ground.) Causes maintenance menu to display.
MAINTENANCE Maintenance menu options are ; Part Numbers, Test, and Return.
LED INDICATORS lluminates when associated light setting is activated. Can be activated by pressing key
anthis panel or comparable cabin lighting key on cabin services panel
NIGHT Sets ECLS lighting to a uniform low level blue light in ceiling. Sidewall lights are off,
LOW Sets ECLS lighting to dimmed white light. Ceiling lights are OFF. Sidewall lights are
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Sets ECLS lighting to a diminished white light level. Ceiling lights are at 50% brightness.
MEDIUM Sidewall lights are on full white. Can be activated by pressing this key or cabin services
panel.
HIGH Sets ECLS lighting to full on white light. Both ceiling and sidewall lights are on full
white. Can be activated by pressing key or cabin services panel.
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1
LED LIGHTING SYSTEM

FIELD OF THE INVENTION

The present invention relates to lighting systems employ-
ing multiple light emitting diodes (LEDs) to generate light
whose color and intensity can be varied under computer
control.

BACKGROUND INFORMATION

It is well known that light of different colors, particularly
the primary colors red, blue and green, can be combined in
various proportions to generate light having a wide variety
of colors, including white light. It is also well known to use
light emitting diodes (LEDs) for such a purpose. The inten-
sity of light emitted by an LED can be varied by pulse width
modulating (PWM) the power applied to the LED. The
application of power to an LED or group of LEDs can be
controlled by a PWM control signal generated by a micro-
controller or the like. The microcontroller can be pro-
grammed to control multiple groups of LEDs, each gener-
ating light of a different primary color. By controlling the
intensity of light generated by each color group of LEDs, the
microcontroller can thus control the LEDs to generate a
combined light of a specified color and intensity. The
microcontroller can carry out such an operation in accor-
dance with a variety of data inputs from sources such as a
central controller, a user interface, a measurement device or
the like.

SUMMARY OF THE INVENTION

The present invention is directed to an improved lighting
device that can generate light of variable color and intensity
under processor control. Multiple lighting devices can be
incorporated into a lighting system to illuminate larger areas.

In an exemplary embodiment, a lighting device in accor-
dance with the present invention comprises a lighting mod-
ule which is coupled to one or more additional modules that
provide power and control the operation of the lighting
module. The lighting module includes three groups of LEDs
each of which is comprised of LEDs of the same color. The
colors of the three groups are green, red and blue and the
LEDs are arranged in a line in a repeating pattern of green,
red, green, blue, green, red, green and red.

In a further aspect of the present invention, a lighting
system is formed by coupling multiple lighting devices to a
central controller comprising an operator interface panel and
an interface to an external computer. The external computer
can be provided with programming tools in accordance with
the present invention that allow the creation of lighting
programs for controlling the operation of the lighting sys-
tem. The lighting programs developed on the external com-
puter can be downloaded to the central controller which then
carries out the downloaded programs in conjunction with the
lighting devices coupled thereto. A user can select programs
or modify the operation of the lighting system from the
operator interface panel provided at the central controller. A
user can also control the operation of the lighting system
directly from the external computer while it is coupled to the
central controller.

The present invention also provides methods for calibrat-
ing the color and power output of each lighting device.

These and other aspects of the present invention will be
described below in greater detail.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is schematic representation of an exemplary
embodiment of a lighting device in accordance with the
present invention.,

FIG. 2 shows the linear arrangement of LEDs on a
lighting module of an exemplary embodiment of a lighting
device in accordance with the present invention.

FIG. 3 shows a more detailed schematic representation of
an exemplary embodiment of a lighting device in accor-
dance with the present invention.

FIG. 4 shows the control signal, common cathode voltage
and common cathode current for a group of LEDs of an
exemplary embodiment of a lighting device in accordance
with the present invention.

FIG. 5 shows an arrangement for an exemplary color
calibration method in accordance with the present invention.

FIG. 6 shows a chromaticity diagram for illustrating the
exemplary color calibration method of the present invention.

FIG. 7 shows a block diagram of an exemplary embodi-
ment of a lighting system in accordance with the present
invention.

FIGS. 8A and 8B show an exemplary embodiment of an
operator interface panel of a lighting system in accordance
with the present invention.

FIG. 9 shows an exemplary display of a user interface for
programming a lighting system in accordance with the
present invention.

FIGS. 10A through 10E illustrate various lighting transi-
tion modes of an exemplary embodiment of a lighting
system in accordance with the present invention.

FIG. 11 shows a first exemplary embodiment of a lighting
device in accordance with the present invention.

FIG. 12 shows a cross-sectional view of the device of
FIG. 11.

FIG. 13 shows a second exemplary embodiment of a
lighting device in accordance with the present invention.

FIG. 14 shows a cross-sectional view of the device of
FIG. 12.

FIG. 15 shows a cross-sectional view of an aircraft
passenger cabin illustrating the placement of lighting
devices of the present invention within the aircraft passenger
cabin.

FIGS. 16A through 16C show cross-sectional views of
three exemplary reflector arrangements of a lighting module
of a lighting device of the present invention.

FIGS. 17A and 17B show how a ray of light is affected by
two exemplary lens arrangements.

DETAILED DESCRIPTION

FIG. 1 shows a block diagram of an exemplary embodi-
ment of a lighting device 100 in accordance with the present
invention. In the exemplary embodiment shown, the lighting
device 100 comprises a lighting module 10, a control
module 20 and a power module 30. The lighting, control and
power modules can be combined into one or more modules
and may be implemented on one or more circuit boards. The
lighting device 100 need not be modular at all.

The lighting module 10 comprises a plurality of light
emitting diodes (LEDs) each of which emits green, red or
blue light. Naturally, other combinations of colors are pos-
sible within the scope of the present invention. For example,
green, orange and blue LEDs may be used. In yet a further
embodiment, any three colors whose wavelengths are sepa-
rated by at least some minimum wavelength difference (for
example 30 nm) can be used. Furthermore, as can be
























