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(57) Abrege(suite)/Abstract(continued):

emitting diodes (LEDs) are positioned In a line generally parallel to the linearly projected cross-section of the plurality of reflecting
surfaces. The LEDs are oriented relative to an associated reflecting surface such that a central light-emitting axis of the plurality of
LEDs I1s angled relative to the at least one optical axis of the associated reflecting surface at about 45°. The reflecting surfaces

redirect and collimate a light output of the plurality of LEDs at an angle of about 45° with respect to the central light emitting axis of
the plurality of LEDs.
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Abstract

A lighting system having a reflector with a plurality of reflecting surfaces. The plurality
of reflecting surfaces have at least one optical axis, and the reflecting surfaces further include a
linearly projected cross-section along a respective linear axis. A plurality of light emitting diodes
(LEDs) are positioned in a line generally parallel to the linearly projected cross-section of the
plurality of reflecting surfaces. The LEDs are oriented relative to an associated reflecting surface
such that a central light-emitting axis of the plurality of LEDs is angled relative to the at least one
optical axis of the associated reflecting surface at about 45°. The reflecting surfaces redirect and

collimate a light output of the plurality of LEDs at an angle of about 45° with respect to the

central light emitting axis of the plurality of LED:s.



LIGHTING SYSTEM

[0001]

Field

[0002]  The present invention relates generally to lighting systems, in particular to

obstruction lighting systems utilizing light emitting diodes.
Background

[0003]  The Federal Aviation Administration (FAA) requires that obstructions to
aircraft navigation, such as towers, cables and tall buildings be fitted with visibly perceivable
elements to render these structures highly visible to approaching aircraft. FAA Advisory
Circular 150/5345-43 forms a specification of technical requirements for these lights in the
United States. Within Advisory Circular 150/5345-43 there exists a requirement for a medium-

intensity flashing red obstruction light system, designated the “L-864” and a medium-intensity
flashing white obstruction light, designated the “I-865.” These obstruction lights are to be
placed in accordance with a set plan at levels on all obstructions that are potential hazards to air

navigation.

[0004] For the L-864 obstruction light, at all radials throughout a 360 degree azimuth,
there must be a peak effective intensity of 2,000 £25 percent candela. There must also be a

minimum effective intensity of 750 candela throughout a minimum vertical beam spread of 3
degrees. For the L-865 obstruction light, at all radials throughout a 360 degree azimuth, there

must be a peak effective intensity of 20,000 +25 percent candela during operation at day and
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twilight conditions, and 2,000 £25 percent candela during night conditions. The L-865
obstruction light also includes a minimum vertical beam spread of 3 degrees.

[0005] A drawback of these obstruction lights 1s that they typically utilize
incandescent lamps, which have a relatively limited service life. Consequently, the incandescent
lamps require frequent replacement. Since the obstruction lights are mounted atop tall structures,
replacing these lamps can be inconvenient, time-consuming, expensive and even dangerous.
Utilizing light emitting diodes (LEDs) as a light source in obstruction lights overcomes many of
these drawbacks. However, LEDs present new design challenges.

[0006] Another drawback of conventional obstruction lights 1s light pollution. Light
pollution as it relates to obstruction lighting may be generally defined as the emission of light
outside the band specified by Advisory Circular 150/5345-43. Light pollution can be an
annoyance, particularly when the obstruction light is proximate to residential areas. In some
cases light pollution can cause problems such as sleep deprivation or the blocking of an evening
VIEW.

[0007] In an optical system for an obstruction light, one approach for arranging LED
light sources is to orient them vertically, aimed outwardly from the light assembly. However,
shaping multiple light sources into a tight continuous horizontal beam requires a lens, which 1s

less efficient than a reflector. Additionally, the LED junctions thusly configured are more

vulnerable to damage due to lightning effects.

[0008] Another approach is to mount the LEDs so they are oriented horizontally and
aimed upwardly, using a reflector to shape and redirect the light outwardly. In this configuration

the reflector is very efficient and also acts as a lightning mediator. Another advantage of this
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arrangement 1s that it minimizes direct-light emissions from the LEDs shining downwardly from
the obstruction light, which may be considered a neighborhood annoyance.

[0009] Orienting LEDs so that they are aimed downwardly 1s also desirable since it
offers more efficient cooling of the LEDs and makes servicing of the LEDs more convenient.
However, this arrangement 1s problematic because it inherently directs some of the LED light
toward the neighborhood below the obstruction light.

[0010] Moreover, horizontally orienting LEDs and aiming them toward a reflector 1s

undesirable, as this directs the brightest part of the LED beam toward the flatter area of the

reflector, thereby reducing beam focus.

Summary

[0011] An obstruction light utilizing LEDs as a light source is disclosed according to

an embodiment of the present invention. The LEDs are oriented and aimed toward a retlector so
as to minimize downwardly-directed light while also enhancing the characteristics of the desired

light output from the reflector.

[0012] One object of the present invention is a lighting system comprising a retlector
having a plurality of reflecting surfaces. The plurality of retlecting surfaces have at least one
optical axis, and the reflecting surfaces further include a linearly projected cross-section along a
respective linear axis. In one embodiment, the linearly projected cross-section of the reflecting
surfaces comprise a substantially conic shape. A plurality of light emitting diodes (LEDs) are
positioned in a line generally parallel to the linearly projected cross-section of the plurality of

reflecting surfaces. The LEDs are oriented relative to an associated reflecting surface such that a

central light-emitting axis of the plurality of LEDs is angled relative to the at least one optical

axis of the associated reflecting surface at about 45°. The reflecting surfaces redirect and
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collimate a light output of the plurality of LEDs at an angle of about 45° with respect to the

central light emitting axis of the plurality of LEDs.

Brief Description of the Drawings

[0013] Further features of the inventive embodiments will become apparent to those
skilled in the art to which the embodiments relate from reading the specification and claims with
reference to the accompanying drawings, in which:

[0014]  Fig. 1 is a perspective view of an obstruction light according to embodiment

of the present invention;

[0015] Fig. 2 is a perspective view of an embodiment of an optic of the obstruction

light shown 1n Fig. 1;

[0016] Fig. 3 is a partial sectional side view of an embodiment of the optic shown in
Fig. 2,

[0017] Fig. 4 shows the angular relationship between an optical axis associated with a
reflecting surface of the optic of Fig. 2, a central light emitting axis of an LED of the optic, and a
linear axis of the reflecting surface;

[0018]  Fig. 5 describes optical characteristics of the optic of Fig. 2;

[0019] Fig. 6 is a sectional top view of a reflector of the optic of Fig. 2;

[0020] Fig. 7 is a partial side view of the optic of Fig. 2, showing simulated light ray

traces,

[0021] Fig. 8 is a partial front view of the optic of Fig. 7, showing the same light ray

traces from another view;

[0022]  Fig. 9 is a view in section of the obstruction light of Fig. 1; and
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[0023] Fig. 10 is a schematic block diagram showing the general arrangement of a

control system for an obstruction light according to an embodiment of the present invention.
Detailed Description

[0024] The general arrangement of a lighting system 10 usable as an obstruction light,
among other purposes, 1s shown in Fig. 1 according to an embodiment of the present invention.
Lighting system 10 comprises an optic 12, a lens 14, a housing 16, a mounting base 18, an
electrical connection 20 to the lighting system, and circuitry (not shown) to drive the lighting
system. In one embodiment, a drive circuit (not shown) is disposed within a housing 16 and 1s
capable of strobing optic 12 at one or more predetermined flash rates. Housing 16 supports optic
12, which is coupled thereto, and mounting base 18 provides a means for attaching lighting
system 10 to a structure.

[0025] Fig. 2 1s a perspective view showing details of optic 12 according to an
embodiment of the present invention. Optic 12 comprises a reflector 22 having a plurality of
reflecting surfaces 24 that form a segmented-type reflector. Reflector 22 may be any type of
optical reflector suitable for use with obstruction light 10. For example, reflector 22 may be,
without limitation, in the form of a half-parabolic reflector.

[0026] With continued reference to Fig. 2, Fig. 3 depicts a partial sectional side view
of optic 12. Each reflecting surface 24 comprises a cross-section 26, projected along an
associated linear axis 28. As can be seen, reflecting surface 24 has a generally conic cross-
section, and a central light-emitting axis 30 of a light emitting diode (LED) 32 is in the same
plane as the cross-section. Fig. 3 also shows an angle 8, over which light emitted from LED 32
is reflected by reflecting surface 24. In one embodiment, the linearly projected cross-section 26

comprises a conic section. In other embodiments cross-section 26 of reflecting surface 24
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comprises at least one of a conic or a substantially conic shape. In various embodiments the
conic shape comprises at least one of a hyperbola, a parabola, an ellipse, a circle, or a modified
conic shape.

[0027] In some embodiments of the present invention reflecting surface 24 is neither
concave or convex along linear axis 28. In other embodiments reflecting surface 24 may be
concave along linear axis 28. In still other embodiments reflecting surface 24 may be convex
along linear axis 28.

[0028]  Each reflecting surface 24 has an associated optical axis 34. In one
embodiment, each reflecting surface 24 reflects a beam‘ of light having an angular distribution
that 1s horizontally symmetric to the associated optical axis 34, 1.e., symmetric about the
associated optical axis in directions along linear axis 28.

[0029] Reflector 22 may be made {from any suitable material including, without
limitation, metal or a reflective material. Non-limiting examples of materials for reflector 22
include highly-polished metal, a coated (i.¢., “metalized”) metal or non-metal substrate, and a
reflective film applied to a metal or non-metal substrate.

[0030] For each reflecting surface 24, optic 12 comprises at least one associated LED
32. LED 32 typically emits light in a hemisphere centered and concentrated about central light-
emitting axis 30. LED 32 is positioned relative to the associated reflecting surface 24 such that

central light-emitting axis 30 of the LED is angled at a predetermined angle 0, relative to the

optical axis 34 associated with the reflecting surface 24. In a preferred embodiment, 6, has a

value of about 45°. In some embodiments of the present invention, the about 45° value has a

tolerance of £15°, 1.e., from 30° to 60°.
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10031] With reterence now to Fig. 4 in combination with Figs. 2 and 3, in one
embodiment of the present invention, for a specific reflecting surface 24 and associated LED 32,
the central light-emitting axis 30 of the LED, the optical axis 34 associated with the reflecting
surface, and the hinear axis 28 of the reflecting surface form axes of a 3-axis linear coordinate
system. 0, is the angle between central light-emitting axis 30 and optical axis 34. 83 is the angle
between optical axis 34 and linear axis 28. 0, is the angle between the central light emitting axis
30 and the linear axis 28. In one embodiment, the relationship between central light-emitting
axis 30, optical axis 34 and linear axis 28 1s approximate. For example, each of central light-

emitting axis 30, optical axis 34, and linear axis 28 can be angled at 45° from each of the other

two axes, with a tolerance, in some embodiments, of +15°.

[0032] As shown in Fig. 2, for each reflecting surface 24, optic 12 includes a plurality
of associated LEDs 32. In one embodiment, the plurality of associated LEDs 32 are arranged
along a line, generally parallel to linear axis 28 of reflecting surface 24. In other embodiments of
the present invention the plurality of associated LEDs 32 may be generally staggered about a
predetermined line. For example, in one embodiment, the plurality of associated LEDs 32 are
staggered about a line, with the staggering comprising offsetting the LEDs from the line by a
predetermined distance in alternating directions perpendicular to the line. As will be detailed
further below, in some embodiments of the present invention LED 32 (or a plurality of LEDs) are
positioned at a focal distance of reflecting surface 24.

[0033] Fig. 5 depicts a partial perspective view of an embodiment of lighting system
10 in which the lighting system emits light outward over a 360° angular distribution about a

central axis 36 of the reflector 22 of optic 12. Such a 360° angular distribution of reflected light

may be a requirement for lighting system 10 to provide obstruction warning in all directions.
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The light emitted from the beacon light 20 has a predetermined beam spread 0s. The beam
spread s 1s the angle, vertically perpendicular to the optical axes 34 of the reflecting surfaces 24,
over which the intensity of the emitted light 1s greater than 50% of the peak intensity of the
emitted light. In a preferred embodiment, lighting system 10 has a beam spread 85 of less than
3°. In another embodiment, lighting system 10 has a beam spread 05 of less than 10°.

[0034] Referring again to Figs. 2 and 3, the plurality of reflecting surfaces 24 of
reflector 22 are arranged such that each of the associated linear axes 28 1s angled relative to the
linear axis of another reflecting surface. In one embodiment, the plurality of linear axes 28
occupy a single plane and intersect each other to outline a polygon. In other words, a top-view
cross-section of reflector 22 may have a perimeter which 1s polygonal in shape. Fig. 6 depicts a

sectional top view of an embodiment of reflector 22, showing the plurality of associated linear

axes 28 mtersecting each other to form a hexagon. This embodiment of reflector 22 achieves the
aforementioned 360° angular distribution, relative to the central axis 36 of reflector 22, of light
emitted from optic 12. Each reflecting surface 24 preferably reflects light in the direction of the
optical axis 34 associated with that reflecting surface, and through an angular distribution

horizontally symmetric to and centered to the optical axis.
(0035] Although Fig. 6 depicts a polygon embodiment of reflector 22 having six

reflecting surfaces 24 it will be understood that the reflector may have greater or fewer reflecting
surfaces within the scope of the invention. In addition, the intersection of the plurality of linear
axes 28 need not outline a polygon. Furthermore, light emitted from optic 12 need not have a

360° angular distribution relative to the central axis 36 of reflector 22. Such an embodiment may

instead have, for example, a 180° angular distribution.
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[0036] In some embodiments of the present invention the plurality of reflecting
surfaces 24 of reflector 22 may be connected together. Accordingly, reflecting surfaces 24 may
be made as separate preces and joined together. Alternatively, reflecting surfaces 24 may be
formed as a unitary piece.

[0037]  Fig. 7 shows a partial side view of an embodiment of optic 12. LED 32 is
located at a focal distance “f” of reflecting surface 24. Fig. 7 also shows simulated ray traces 38
showing the path of light traveling from LED 32 to reflecting surface 24 and outward from
reflector 22. As can be seen, ray traces 38 are generally parallel to optical axis 34 of optic 12.

[0038] Fig. 8 shows a partial frontal view of the optic 12 of Fig. 7, showing the same
simulated ray traces 38 as Fig. 7. Because retlecting surface 24 of Figs. 7 and 8 1s a projection of
the cross-section 26 along the linear axis 28, light traveling from LED 32 to the reflecting surface
results in collimated light that is reflected generally parallel to the optical axis 34 of reflecting
surface 24.

[0039] A view in section of lighting system 10 is shown in Fig. 9 according to an
example embodiment of the present invention. Reflector 22 is oriented such that a base portion
37 (Fig. 2) of the reflector is directed downwardly, while an opposing, smaller top portion 39 is

directed upwardly. A plurality of LEDs 32 are oriented downwardly at an inward angle, and are

aimed toward complementary reflecting surfaces 24 of reflector 22. A heat sink 40 atop lens 14

provides both a mounting point and a cooling means for LEDs 32 and, optionally, any associated

control or driver electronics (not shown). Lens 14 provides protection for LEDs 32 and reflector

22, shielding them from exposure to the elements. Mounting base 18 facilitates installation of

lighting system 10 at a desired site.



CA 02771738 2012-03-19

Docket No. ES0007.006 v3

[0040]  LEDs 32 may be any type of light emitting diode suitable for use with lighting
system 10. As a non-limiting example, LEDs 32 may be arranged in a linear or non-linear array
(Fig. 2), and may be packed in groups or sub-groups having a predetermined number of LED
elements. In one embodiment of the present invention LEDs 32 are oriented to extend
downwardly from heat sink 40 and are aimed inwardly (i.e., generally toward central axis 36) at
an angle of about 45 degrees as discussed above, though greater and lesser angles are anticipated
within the scope of the invention.

[0041] By positioning LEDs 32 in the manner shown in Fig. 9 a beam of light 42
emitted by the LEDs 1s directed toward a focusing area of reflector 22, so the beam is relatively
tightly focused. In addition, heat sink 40 substantially blocks undesired light emissions from
LEDs 32 in an upwardly direction from lighting system 10, thereby limiting light pollution
generated by the lighting system 1n the upward direction from the lighting system. Similarly,
directly-emitted light from LEDs 32 is limited by reflector 22 and housing 16 to block light
emitted by LEDs 32 from traveling in a downwardly direction from lighting system 10.

[0042]  In some embodiments of the present invention LEDs 32 are mounted on

detachable, insulated metal substrates 44 to form light source assemblies that eastly plug into
mating connectors situated in lighting system 10. Such non-leaded assemblies reduce the labor

assoclated with replacing the LEDs and eliminate service problems associated with wire-lead

breakage.

[0043] For example, substrates 44 may include a connector portion 46A that 1s
configured to electrically and mechanically couple to a mating connector 46B mounted to heat
sink 40. Connectors 46A, 46B are preferably selectably detachable. Thus, in the event that one

or more substrates 44 are replaced, heat sink 40 may be detached from lighting system 10 by

10
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removing a fastener 48 from a threaded receptacle in housing 16 to expose substrates 44. The
select substrates 44 are detached from their respective mating connectors 46B and replaced.
Once the select substrate(s) 44 are replaced, heat sink 40 1s placed onto lighting system 10 and
fastener 48 is re-installed, securing the heat sink to the lighting system.

[0044]  In some embodiments of the present invention lighting system 10 includes at
least one auxiliary lighting assembly having one or more auxiliary LEDs 50, preferably
configured to emit light upwardly from lighting system 10. In some embodiments auxiliary LED
50 may differ from LEDs 32. For example, auxiliary LED 50 may be configured to emit infrared
light to alert flight crews operating with night vision imaging systems (NVIS).

[0045] With reference to Fig. 10, lighting system 10 may include a control system 52
that may be configured (or reconfigured) as desired to suit a particular installation. In some
embodiments control system 52 includes a controller 54. Controller 54 may be a digital

microprocessor-based control unit configured to receive input signals and process same
according to control logic to control the operation of lighting system 10. Alternatively, controller
54 may comprise other digital architectures utilizing, for example, a computer, microcontroller,
programmable logic device and the like. The control logic of controller 54 may be defined by a
set of predetermined instructions, such as a computer program or “fuzzy logic.” In other

embodiments of the present invention portions of controller 54 may be analog, such as an analog

open- or closed-loop control system. Controller 54 may be a separate, standalone component or

made integral with (or distributed about) lighting system 10, such as housing 16 and heat sink 40.

[0046] A driver 56 of control system 52 controls the operation ot LEDs 32, 50,

controlling the voltage and/or current supplied to the LEDs, and detecting and compensating for

faults within the LEDs. Driver 56 may also control the flash rate of LEDs 32, 50 in accordance

11



CA 02771738 2012-03-19

Docket No. E80007.006 v3

with control signals provided by controller 54. Furthermore, when LEDs 32, 50 are to be turned

off driver 56 may remove power supplied to the LED 1n accordance with control signals provided

by controller 4.

[0047] Control system 52 may utilize a local or remote global positioning satellite
(GPS) receiver 58, a clock 60, and so on to determine sundown and sunup to automatically turn
lighting system 10 on and off accordingly and/or control the brightness of the output light via
driver 56. In one embodiment of the present invention an ambient light sensor 62 may be
utilized for this purpose, providing to controller 54 an electrical signal corresponding to the level
of ambient light proximate lighting system 10. Ambient light sensor 62 may likewise be used as
a control signal for control system 52 to dim the light output from LEDs 32 during periods of
low-light, such as during inclement or overcast weather.

[0048] Controller 48 may also include a one-way or two-way communication link 64
to facilitate remote control and monitoring of the status and operation of lighting system 10.
Communication link 64 may include one or more of a radio frequency or hight-based

communication link.

[0049] In some embodiments of the present inventioﬁ lighting system 10 may include
an Automatic Dependent Surveillance-Broadcast (ADS-B) surveillance system 66 to detect
aircraft equipped with ADS-B capability. ADS-B is an anti-collision technology being adopted
by aircraft operators to provide airborne collision avoidance capability. ADS-B 1s the linchpin
technology of the Federal Aviation Administration’s (FAA’s) current “NextGen air traffic

management system.” ADS-B is intended to enable the FAA to safely increase the density of air
traffic while simultaneously reducing aircraft fuel consumption, allowing more dynamic and

direct routing, improving anti-collision capability in aircraft, and enabling information exchange

12
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with airborne aircraft. At the core of the ADS-B system is a “heartbeat™ that is transmitted by
outfitted aircraft providing the aircraft’s identification, location, velocity, and other relevant state
data. Ground-based and airborne ADS-B transcervers can receive this heartbeat and accurately
determine an aircraft’s position, direction, and velocity in a timely manner.

[0050] ADS-B system 66 may include sensing apparatus within or proximate to
lighting system 10 to detect “targets,” 1.e., vehicles in the vicinity of a predetermined area, or an
object or structure and then generate data relating to the targets. Alternatively, ADS-B system 66
may receive target data from sources remote from lighting system 10, either directly or via
communication link 64. In various embodiments of the present invention ADS-B system 66 may
utilize, without limitation, radar, sonar and proximity sensors to generate target data. ADS-B
system 66 may also utilize information obtained on the Internet to generate target data. In fact,
ADS-B system 66 may include or utilize any type of system, device or apparatus now known or
later invented having a target detection capability. It is intended that ADS-B system 66 be
conﬁgﬁred with the ability to detect a target vehicle.

[0051] In some embodiments of the present invention the characteristics of lighting

system 10 may be adjusted to correspond to the level of the threat of a collision. For example, an
anti-collision light may be regularly increased in brightness and/or flash rate as a target
approaches an associated predetermined obstruction, then decrease as the target moves away.
Similarly, an aural signal may increase in frequency as a target approaches a predetermined
obstruction, then decrease as the target moves away. Finally, if the system detects a target within
a predefined envelope which could be a hazard, the system may broadcast over radio frequency,

Internet, or other media an ADS-B compliant warning to alert the aircraft to a potential hazard.

13
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[0052] A method of using optic 12 or .lighting system 10 includes arranging a
plurality of reflecting surfaces 24 relative to each other, the reflecting surfaces having a linearly-
projected cross-section 28. The method also includes the step of positioning at least one LED 32
relative to at least one of the reflecting surfaces 24, the positioning step angling the central light-
emitting axis 30 of the LED relative to the optical axis 34 associated with the reflecting surface

24 at about 45°. The method also comprises transmitting light from LED 32 to the retlecting

surface 24. In one embodiment of the method, the about 45° has a tolerance of +15°.

[0053] In one embodiment of the method, the at least one LED 32 comprises a
plurality of LEDs, the at least one optical axis 34 comprises a plurality of optical axes, and the
positioning step comprises positioning each of the plurality of LEDs relative to a respective one
of the plurality of optical axes 34 at about 45°. In one embodiment of the method, each
reflecting surface 24 comprises a cross-section projected along a linear axis 28, and the arranging
step comprises arranging the plurality of reflecting surfaces 24 relative to each other so that a
plurality of the linear axes are angled relative to each other.

[0054] While this invention has been shown and described with respect to a detailed

embodiment thereof, it will be understood by those skilled in the art that changes in form and
detail thereof may be made without departing from the scope of the claims of the invention. For
example, although the disclosed invention is described in terms of use as an obstruction light for

the purpose of illustration, one skilled in the art will appreciate that the disclosed invention may

be utilized to advantage in any suitable type of lighting.

14



Claims

L. A lighting system, comprising:

a housing;

a segmented reflector arranged atop the housing, the reflector having:
a central axis:

a plurality of reflecting surfaces. the plurality of reflecting surfaces having at least one optical axis,
cach ot the retlecting surfaces further including a linearly projected cross-section along a respective
linear axis oriented generally orthogonally with respect to the central axis, the linearly projected cross-

section of the reflecting surfaces comprising a substantially conic shape, and

a base side and an opposing, spaced-apart top side, the top side of the reflector being smaller in size
than the base side, the base side of the reflector being oriented toward the housing and the top side

being oriented away from the housing; and

a plurality of light emitting diodes (LEDs) positioned in a line generally parallel to the linearly
projected cross-section of the plurality of reflecting surfaces, the LEDs being (urther positioned
proximate the top side of the reflector and angled toward the housing, the LEDs being oriented relative
to an associated reflecting surface such that a central light-emitting axis of the plurality of LEDs is

angled relative o the at least one optical axis of the associated reflecting surface at about 45°,

the reflecting surfaces redirecting and collimating a light output of the plurality of LEDs at an angle of

about 45° with respect to the central light emitting axis of the plurality of LEDs.

2. The lighting system of claim 1 wherein the about 45° has a tolerance of £15°,
3. The lighting system of claim 1 wherein the linear axes of the reflecting surfaces are angled

relative to each other.

15
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-+ The lighting system of claim 1 wherein at least one of the plurality of reflecting surfaces
compriscs at least one of highly-polished metal. a coated metal substrate, a coated nonmetal substrate, a
retlective film applied to a metal substrate. or a reflective film applied to a nonmetal substrate.

5. The lighting system of claim 1, further including an auxiliary lighting assembly having at least
one auxiliary light emitting diode, a central light emitting axis of the auxiliary light emitting diode

being oriented away from the reflector.

0. The lighting system of claim 5 wherein the auxiliary light emitting diode emits infrared light.
7. The Lighting system of claim 1, further including a lens, the lens surrounding the reflector and

the LEDs.

8. The lighting system of claim 7, further including a heat sink atop the lens.
the heat sink being coupled to the housing, and

the L.LI:Ds being coupled to the heat sink.

9. The lighting system of claim 8 wherein the LEDs are mounted to at least one substrate. the at

least one substrate being coupled to the heat sink.

10.  The hghting system of claim 1. further including a control system, the control system having a

driver coupled to the LEDs.

1. The highting system of claim 10 wherein the control system further includes at least one of a

GPD recerver, a clock, or a light sensor.

2. The highting system of claim 10 wherein the control system further includes a communication
link.

13. The lighting systcm of claim 10 wherein the control system further includes an ADS-B system.

16
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