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FIG. 1

(57) Abstract: A light emission system that comprises a light source that comprises at least one light emitting diode (LED) that
provides ultraviolet light. The system also comprises a controller that controls the intensity of the ultraviolet light provided by the
light source such that the ultraviolet light provided by the light source simulates a vehicle exhaust plume.
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TITLE: SYSTEMS AND METHODS FOR SIMULATING A VEHICLE
EXHAUST PLUME
TECHNICAL FIELD
[0001] The present invention relates to light emissions and, more particularly,

to systems and methods for simulating a vehicle exhaust plume of fuel propelled
vehicles.

BACKGROUND
[0002] Fuel-propelled vehicles, such as rockets and missiles, utilize rocket
motors to propel the vehicle through air and space. The rocket motors generally fall
into three types, which are solid propellant motors, liquid propellant motors and
hybrid propellant motors. Solid propellant motors utilize a solid fuel element or grain
that is placed in a large solid combustion chamber. The solid fuel element or grain is
usually bonded to the combustion chamber walls and burns away during flight. The
liquid propellant motors employ liquid fuel tanks coupled to a fixed combustion
chamber through one or more fuel lines. A hybrid propellant motor generally uses a
fluid reactant (e.g., an oxidizer) to burn a solid fuel element or a fluid fuel element
with a solid reactant, which are ignited in a combustion chamber. When the
propellant is combusted, the resultant combustion reaction is typically propelled from
one end of the fuel-propelled vehicle, and can be referred to as the vehicle exhaust
plume. Typically, ultraviolet light is radiated from the vehicle exhaust plume.
[0003] Ultraviolet light detectors are utilized in rocket and missile defense
systems. These ultraviolet light detectors can be mounted, for example, on an
aircraft, or other vehicle that could be a target for one or more rockets and/or
missiles. The rocket and missile defense systems employ optics and/or infrared
technology to track rockets and/or missiles fired at or near the rocket and missile
defense systems. The ultraviolet light detector can track rockets and/or missiles by
detecting ultraviolet light provided by the plume of a rocket and/or missile. Typically,
each type of rocket and/or missile has a different vehicle exhaust plume pattern,
which can be referred to as the plume pattern. For instance, some missiles have
longer effective ranges than others, thus requiring different rates of propellant
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combustion. Therefore, the intensity of the ultraviolet light provided by different
types of missiles will be different. Additionally, the combustion of different forms of
fuel (e.g., solid propellant, liquid propellant or hybrid propellant), can also provide
different ultraviolet radiation patterns.
[0004] In one example, the detected intensity of the ultraviolet light provided
by the rocket and/or missile can increase as the rocket and/or missile approaches
the ultraviolet light detector. Additionally, when the rocket and/or missile is initially
activated (e.g., fired), the ultraviolet light detector will typically detect a short pulse of
increased intensity of ultraviolet light.
[0005] Obviously, it is not economically practical to test the detectors by firing
live rockets and missiles. Therefore, plume simulators that provide ultraviolet light
with a radiation pattern similar to the ultraviolet radiation pattern provided by the
exhaust plume of rockets or missiles have been developed. The plume simulators
typically employ at least one high power incandescent lamp to radiate the ultraviolet
light needed to simulate an exhaust plume. Additionally, to simulate an initial burst
of ultraviolet light, some plume simulators require the use of electromechanical
shutters. However, incandescent lamps suffer from poor efficiency, a high failure
rate and a relatively poor modulation rate, which make simulating a vehicle exhaust
plume using incandescent lamps undesirable.

SUMMARY
[0006] One aspect of the present invention relates to a light emission system.
The system comprises a light source that comprises at least one light emitting diode
(LED) that provides ultraviolet light. The system also comprises a controller that
controls the intensity of the ultraviolet light provided by the light source such that the
ultraviolet light provided by the light source simulates an ultraviolet radiation pattern
of a vehicle exhaust plume.
[0007] Another aspect of the present invention is related to a system for
providing an ultraviolet light pattern. The system comprises means for providing
ultraviolet light emitted from at least one LED. The system also comprises means for
controlling the means for providing such that the ultraviolet light provided by the



WO 2010/036423 PCT/US2009/046817

means for providing simulates an ultraviolet radiation pattern of a vehicle exhaust
plume plume.

[0008] Yet another aspect of the present invention is related to a method of
testing an ultraviolet light detector. The method comprises selecting a vehicle plume
to be simulated. The method also comprises providing ultraviolet light to the detector
from at least one LED that simulates an ultraviolet radiation pattern of the selected

vehicle plume.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 depicts an example of a system for simulating a vehicle exhaust
plume in accordance with an aspect of the invention.
[0010] FIG. 2 depicts an example of a light source in accordance with an
aspect of the invention.
[0011] FIG. 3 depicts another example of a system for simulating a vehicle
exhaust plume in accordance with an aspect of the invention.
[0012] FIG. 4 depicts an example of an intensity pattern of ultraviolet light in
accordance with an aspect of the invention.
[0013] FIG. 5 depicts an example of method for testing an ultraviolet light
detector in accordance with an aspect of the invention.

DETAILED DESCRIPTION
[0014] One or more ultraviolet light emitting diodes (LEDs) can be employed
to simulate a vehicle exhaust plume of a vehicle, such as a rocket or a missile
exhaust plume. The LEDs can provide ultraviolet light at a wavelength of about 255
nanometers to about 365 nanometers (nm). The LEDs could be formed, for
example, from Gallium Nitride (GaN) and Aluminum Gallium Nitride (AlGaN). To
simulate the vehicle exhaust plume, the intensity of the LEDs can be modulated in a
predetermined manner to match the ultraviolet light pattern radiated by a rocket or
missile plume. The simulated plume can be exposed, for example, to a detector.
The detector can detect ultraviolet light radiated by the simulated plume and provide
data that characterizes the detected ultraviolet light. The data provided by the
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detector can be analyzed, for example, to ensure that the detector is functioning
properly.

[0015] FIG. 1 illustrates an example of a system 2 that can be used to
simulate a vehicle exhaust plume, wherein the vehicle can be implemented, for
example, as a rocket or missile. The system 2 includes a plume simulator 4 that
provides an ultraviolet light to a detector 6. The detector 6 can detect the ultraviolet
light provided at a direction indicated by the arrow at 8, and provide data that
characterizes the detected ultraviolet light, which can be referred to as detection data
10, to a an external system (not shown). The external system could be
implemented, for example, as hardware, software or a combination thereof, such as
part of a missile defense system. The detector 6 could be implemented, for
example, as a rocket and/or missile detector that could be mounted onto an aircraft.
The detector 6 could include, for example, a photodetector that can detect ultraviolet
light.

[0016] The plume simulator 4 can include a controller 12 coupled to a light
source 14. The controller 12 could be implemented, for example, as hardware,
software or a combination thereof. In one example, the controller 12 receives a
PLUME DATA signal that characterizes a plume pattern. The plume pattern could
correspond, for example, to an ultraviolet radiation pattern provided by a vehicle
exhaust plume of a rocket or missile previously detected by the detector 6 (or a
different detector). A typical plume pattern that could be provided to the controller 12
could include, for example, a short (e.g., 0.01 seconds) burst of relatively high
intensity ultraviolet light, followed by a sharp decrease in the intensity of the
ultraviolet light that is in turned followed by a gradual increase in intensity of the
ultraviolet light. The short burst of relatively high intensity ultraviolet light could be
implemented to simulate a missile fly out (e.qg., the initial burst of light produced by a
combustion reaction when a missile is fired at a target). The gradual increase of
intensity of ultraviolet light could be used to simulate a rocket or missile moving
closer and closer to the detector 6. As an example, the plume pattern could be
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executed in a time span of about 4-5 seconds. One skilled in the art will appreciate
that other radiation patters and/or time spans could also be implemented.

[0017] A TRIGGER signal can be provided to the controller 12 that initiates
the simulation of an ultraviolet radiation pattern of a vehicle exhaust plume. The
TRIGGER signal could be provided, for example, by a button or an external system
interface. The controller 12 causes the light source 14 to provide ultraviolet light at a
pattern consistent with the plume pattern characterized by the PLUME DATA signal.
The ultraviolet light could be provided in a direction indicated by the arrow at 16.

The light source 14 can include, for example, one or more LEDs that can emit light at
a wavelength of about 255 to about 365 nm. As one example, the LEDs could be
formed from Gallium Nitride (GaN) and Aluminum Gallium Nitride (AlGaN).

[0018] In one example, the plume simulator 4 and the detector 6 could be
placed about 1 to about 3 kilometers apart. The plume simulator 4 could be
mounted, for example, on a tripod. The detector 6 could be mounted at an elevated
position, such as on a rod or pole. Such an implementation can accurately simulate
a rocket propelled grenade (RPG) being fired at an aircraft, such as a helicopter or a
jet powered aircraft. Alternatively, the detector 6 could be mounted on a moving
vehicle, such as a helicopter or jet powered aircraft. One skilled in the art will
appreciate the various positions in which the plume simulator 4 and/or the detector 6
could be placed.

[0019] When the plume simulator 4 and the detector 6 are positioned
correctly, the plume simulator 4 can provide a simulated ultraviolet radiation pattern
of a vehicle exhaust plume in the direction indicated by the arrow at 16, a portion of
which can be detected by the detector 6 in the direction indicated by the arrow at 8.
The detector 6 provides the detection data 10 that characterizes the simulated plume
to the external system. The external system can examine the detection data 10 to
ensure that the detector 6 is functioning properly.

[0020] FIG. 2 illustrates an example of a light source 50 that could be
employed in a plume simulator in accordance with an aspect of the invention. The
light source 50 can include a variable current source 52 (hereinafter, "VCS") coupled
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to an optical system 59. The VCS 52 could be implemented as a binary array of
metal oxide semiconductor field effect transistors (MOSFETs) 54. The VCS 52 could
be controlled, for example, by an N-bit data word provided by a controller, such as a
microprocessor, where N is an integer greater than or equal to 1. As an example,
the N-bit word could be implemented as a 16-bit word. In such an example, the
array of MOSFETSs 54 can be implemented as N number of transistors, such as
MOSFETs 54, where each bit of the N-bit data word is provided to a gate of the
corresponding MOSFET 54. The drains of each of the N MOSFETSs 54 can be
connected to a first common node 56 that provides a voltage of VDD, where VDD
can be implemented, for example, as 5.5 volts (V) or other appropriate voltage.

Each source of the N MOSFETs 54 can be connected to a second common node 58
that can provide an output current. Each of the N MOSFETs 54 can source current
commensurate with the significance of the corresponding bit that controls a given
MOSFET 54. That is, the Nth MOSFET 54 can source double the current that the N-
1 MOSFET 54 can source, and the N-1 MOSFET 54 can source double the current
that the N-2 MOSFET 52 can source, etc. Such an arrangement allows for precise
control of the current provided by the VCS 52.

[0021] The current provided by the VCS 52 can be provided to the optical
system 59, and more specifically to a JXK LED array 60, where J and K are integers
greater than or equal to one. As one example, the JxK LED array 60 could be
implemented as a 3x3 LED array. Each of the LEDs 62 can provide ultraviolet light
at a wavelength at or near the ultraviolet electromagnetic waveband, such as about
255 nm to about 365 nm. As one example, the LEDs 62 could be formed from
Gallium Nitride (GaN) and Aluminum Gallium Nitride (AlGaN). The light provided by
the JXK LED array 60 can be provided in a direction indicated by an arrow at 64 to a
coupling lens 66. The coupling lens 66 can combine the light provided by each of
the LEDs 62 in the JxK LED array 60 and provided the combined light to a projection
lens 68 in a direction indicated by the arrows at 70. The projection lens 68 can
provide a projection beam at a predetermined projection radius, such as about 6
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degrees. The projection beam can be provided in a direction indicated by an arrow
indicated at 72.

[0022] A feedback detector 74 can be included to detect the intensity of the
combined light. The feedback detector can include, for example, a photodetector
that can detect ultraviolet light at a wavelength of about 255 nm to about 365 nm.
The feedback detector 74 can provide feedback data 76, for example, to the
controller. The feedback data 76 can be analyzed to ensure that the plume simulator
is functioning properly and/or to adjust the intensity of the ultraviolet light provided by
the light source 50.

[0023] FIG. 3 illustrates another example of a system 100 that includes a
plume simulator 102 in accordance with an aspect of the invention. The plume
simulator 102 includes a light control 104 that can be controlled by an interface 106.
The interface 106 could be implemented, for example, as hardware, software or a
combination thereof. As an example, the interface 106 can be controlled by a user,
or the interface 106 can be autonomous. The light control 104 can be implemented
as hardware, software or a combination thereof. The light control 104 includes a
memory 108 that stores M number of plume patterns 110, where M is an integer
greater than or equal to one. Additionally or alternatively, the plume patterns 110
can be provided by the interface 106. Each plume pattern 110 can, for example,
include data that characterizes a particular vehicle exhaust plume pattern.

[0024] As an example, the user of the interface 106 can select a plume
pattern 110, and cause the memory 108 to provide a controller 112 with the selected
plume pattern 110. The controller 112 can cause a light source 114 to provide
ultraviolet light that simulates the selected plume pattern 110. The light source 114
could be implemented, for example, as a power source 116 and an optical system
118 (e.g., see FIG. 2). The power source 116 could be implemented as a VCS.
Alternatively, the power source 116 could be implemented as a variable voltage
source. The power source 116 could be controlled, for example, by a digital signal
120 provided by the light control 104. In such a situation, the light control 104 can
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cause the power source 116 to provide the optical system 118 with a specific
current.

[0025] The optical system 118 can include one or more LEDs (such as an
LED array) that provide ultraviolet light at a wavelength from about 255 nm to about
365 nm. As one example, the one or more LEDs could be formed from Gallium
Nitride (GaN) and Aluminum Gallium Nitride (AlGaN). The optical system 118 can
provide the ultraviolet light at a direction indicated by the arrow indicated at 122.
Additionally, the optical system 118 can provide a feedback signal 124 to the
controller 112. The feedback signal 124 can, for example, characterize a detected
intensity level of ultraviolet light provided by the optical system 118. The controller
112 can analyze the feedback signal 124 to ensure that the optical system 118 is
outputting ultraviolet light at a correct level for a given point in time. If the feedback
signal 124 indicates that the optical system 118 is outputting ultraviolet light at a level
other than the correct level for the given point in time, the controller 112 can cause
the power source 116 to increase or decrease the current provided to the optical
system 118 to increase or decrease the intensity of the ultraviolet light provided by
the optical system 118.

[0026] A detector 126 receives at least a portion of the light provided by the
optical system 118 at a direction indicated by the arrow at 127. The detector 126
could be implemented, for example, as a photodetector that could be mounted in a
vehicle, such as an aircraft. As an example, the detector 126 and the light source
114 can be separated by a distance of about 1 to about 3 kilometers. The detector
126 detects at least a portion of the ultraviolet light provided by the optical system
118. Inresponse to detecting at least a portion of the ultraviolet light, the detector
126 can provide detection data 128 that characterizes the detected ultraviolet light.
The detection data 128 could be provided to an external system, such as a spectrum
analyzer, a missile defense system, or the detection data 128 can be stored in a
memory, such as random access memory (RAM). The detection data 128 can be
analyzed to ensure that the detector 126 is functioning properly.
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[0027] FIG. 4 illustrates an example of a graph 150 of an ultraviolet light
radiation pattern that could be implemented to simulate a vehicle exhaust plume of a
vehicle (e.g., a plume pattern) in accordance with an aspect of the invention. The
ultraviolet light pattern could be provided, for example, by the optical system 118 of
the plume simulator 102 illustrated in FIG. 3. In FIG. 4, the horizontal axis 152 of the
graph 150 can be measured in units of time, such as seconds (s). The vertical axis
154 can be measured in units of light intensity, such as lumens (Im). Itis to be
understood that the graph 150 is not drawn to scale, and that some parts of the
graph have been exaggerated for purposes of simplification of explanation.

[0028] In the graph 150, at time TO, an initiation signal, such as a trigger
signal can be activated by the interface 106 of the plume simulator 102. Shortly after
the initiation signal, the light control 104 causes the light source 114 to sharply
increase the intensity of the ultraviolet light provided. After a small period of time
(e.g., about 0.01 seconds), the light control 104 causes the light source 114 to
sharply drop the intensity of the light provided by the optical system 118 (e.g., at T1).
This short burst of high intensity ultraviolet light can be employed to simulate a
missile fly out. After the short burst of ultraviolet light, at a time T2, the intensity of
the ultraviolet light will gradually increase at a substantially linear rate until another
time, T3, such as about 4-5 seconds. This gradual increase simulates the intensity
of ultraviolet light emitted from the exhaust plume of a rocket or missile as the rocket
or missile approaches the detector 126.

[0029] FIG. 5 illustrates a flowchart for a process 200 of testing an ultraviolet
light detector. It is to be understood and appreciated that the illustrated actions, in
other embodiments, may occur in different orders and/or concurrently with other
actions. Moreover, not all illustrated features may be required to implement a
process. At 210, a plume pattern is selected. The plume pattern can be selected,
for example, by an interface that is controllable by a user. The plume pattern can
correspond to an ultraviolet radiation pattern of a vehicle exhaust plume. The
process proceeds to 220. At 220, a controller signals a power source to drive an
optical system to produce an ultraviolet light pattern that simulates the selected
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plume. The optical system can include, for example, one or more LEDs that can
produce light at a wavelength of about 255 nm to about 365 nm. The process
proceeds to 230.

[0030] At 230, ultraviolet light is provided to a detector with a patter
determined by the controller. The detector can be separated from the optical system
by about 1 to about 3 kilometers away from the optical system providing the
ultraviolet light. The process proceeds to 240. At 240, a feedback signal is provided
to the controller. The feedback signal characterizes the intensity of the ultraviolet
light provided by the optical system at a given point in time. The controller can utilize
the feedback signal to determine if an adjustment of the intensity of the ultraviolet
light provided by the optical system is necessary. The process proceeds to 250.
[0031] At 250, the detector detects at least a portion of the ultraviolet light
provided by the optical system. The process proceeds to 260. At 260 the detector
provides data that characterizes the ultraviolet light detected by the detector. The
provided data can be stored and/or analyzed by an external system to determine if
the detector is functioning properly.

[0032] What has been described above includes exemplary implementations
of the present invention. Itis, of course, not possible to describe every conceivable
combination of components or methodologies for purposes of describing the present
invention, but one of ordinary skill in the art will recognize that many further
combinations and permutations of the present invention are possible. Accordingly,
the present invention is intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended claims.
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CLAIMS
What is claimed is:

1. A light emission system comprising:
a light source that comprises at least one light emitting diode (LED)
that provides ultraviolet light; and
a controller that controls the intensity of the ultraviolet light provided by
the light source such that the ultraviolet light provided by the light source simulates

an ultraviolet radiation pattern of a vehicle exhaust plume.

2. The system of claim 1, wherein the at least one LED comprises an LED array.

3. The system of claim 2, wherein the light source further comprises:

an optical system that houses the LED array; and

a variable power source that drives the LED array of the optical
system.

4, The system of claim 3, wherein the variable power source comprises a
variable current source that is controllable by a data word provided by the controller.

5. The system of claim 3, wherein the optical system further comprises:
a coupling lens that couples ultraviolet light provided by the LED array;
and
a projection lens that focuses the ultraviolet light at a predetermined
projection angle.

6. The system of claim 3, wherein the optical system provides a feedback signal

to the controller that characterizes an intensity of ultraviolet light provided by the LED
array.

11
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7. The system of claim 1, wherein the at least one LED is formed of Gallium
Nitride and Aluminum Gallium Nitride.

8. The system of claim 1, wherein the at least one LED provides ultraviolet light
within a band of light between about 255 nanometers to about 365 nanometers.

9. The system of claim 1, wherein the system further comprises a detector that
detects at least a portion of the ultraviolet light provided by the light source, and
provides data that characterizes the detected ultraviolet light.

10.  The system of claim 1, wherein the controller comprises a memory bank that
stores a plurality of different plume patterns corresponding to a plurality of different

ultraviolet radiation patterns of vehicle exhaust plumes.

11.  The system of claim 10, further comprising an interface that selects one of the
plurality of plume patterns.

12. A system for providing an ultraviolet light pattern, the system comprising:
means for providing ultraviolet light emitted from at least one light emitting
diode (LED); and
means for controlling the means for providing such that the ultraviolet light
provided by the means for providing simulates a radiation pattern of a vehicle
exhaust plume.

13.  The system of claim 12, further comprising means for detecting an intensity of
the ultraviolet light provided by the means for providing.

14.  The system of claim 13, wherein the means for detecting further comprises
means for characterizing the detected ultraviolet light.

12
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15.  The system of claim 12, wherein the means for controlling further comprises

means for driving the means for providing.

16.  The system of claim 12, wherein the ultraviolet light provided by the means for
providing is provided at a wavelength from about 255 nanometers to about 365

hanometers.

17.  The system of claim 12, wherein the means for providing further comprises
means for providing a feedback signal that characterizes the intensity of the
ultraviolet light provided by the means for providing.

18.  The system of claim 17, wherein the means for controlling is configured to
adjust the intensity of the ultraviolet light provided by the means for providing based

on the feedback signal.

19. A method of testing an ultraviolet light detector, the method comprising:
selecting a vehicle exhaust plume to be simulated;
providing ultraviolet light to the detector from at least one light emitting diode
(LED) that simulates a radiation pattern of the selected vehicle exhaust plume.

20.  The method of claim 19, further comprising detecting at least a portion of the
ultraviolet light at a detector and providing data that characterizes the detected

ultraviolet light.

21.  The method of claim 19, further comprising:

detecting an intensity of the ultraviolet light provided by the at least one LED,;
and

providing a feedback signal that characterizes the intensity of the ultraviolet
light.

13

RECTIFIED SHEET (RULE 91)



PCT/US2009/046817

WO 2010/036423

145

AR ¢!
NOLLOA13d

ow\ H

H01031340

.

(- - - - - - - - - - - --—-—--- m
m M i
| o m
_ G |
| s |
| |
! [
| _v 40UN0S “
| At 3 el YITIOHLINOD e
" @L 1HoM Vivaanwnid |
| |
M \opi \zi “
! |
} i
b o e e i
;nfw



PCT/US2009/046817

WO 2010/036423

25

- aaaai e eeeew i aaar AWANA RSV | ferew | AAaA  aaaan  weees

ViV

A0vad=ddd

9.7

O
L

D
XY
O

3

O e+ O

Lo

PIOAA Bje(d HON



PCT/US2009/046817

WO 2010/036423

3/5

v € Old
NOILDA13a e
gz1~ e
:“ “
“ 3y NI LSAS 3094N0S “
d0.10313d m_ Mm”m: _V TWOILLAO _ HIMOd | vt
o M L sk oy~ L“
B Al P I
“ 0zl
A e ———
“ 7 NMILLYd
| oii-M I
|
| .
“ OLin *
_ Z NM3LLYA
m HATIOHINOD ANNTD |} i
m .
._ 201
]
\“ vot 2N | NYILLYd
o oL 3NN
| 801  AMOWIN
0o1-¥ “ TOULNOD LHOI

FOVAHELN]




WO 2010/036423 PCT/US2009/046817

415

1547

INTENSITY {(Im)

o
l ' § !
TO T1 T2 \*wz T3
TIME ()

FIG. 4



WO 2010/036423

200
~N

5/a

/»-—210

SELECT PLUME PATTERN

l e 220
SIGNAL POWER SOURCE TO
DRIVE OPTICAL SYSTEM
l - 230
PROVIDE ULTRAVIOLET LIGHT TO
A DETECTOR
& a 240
PROVIDE FEEDBACK THAT

INDICATED THE INTENSITY OF THE
ULTRAVIOLET LIGHT

l - 250
DETECT ULTRAVIOLET LIGHT
l /s 260
PROVIDE DATA THAT
CHARACTERIZES THE DETECTED
ULTRAVIOLET LIGHT

FIG. 5

PCT/US2009/046817




INTERNATIONAL SEARCH REPORT International application No.
PCT/US 09/46817

A CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B60Q 1/00 (2010.01)
USPC - 362/231

According to International Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - B60Q 1/00 (2010.01)
USPC - 362/231

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
IPC(8) - B60Q 1/00 (2010.01) (text search)
USPC - 362/231, 459, 540, 543, 800; 313/539 (text search)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PubWEST (USPT, PGPB, EPAB, JPABY); Intemet search via Google Web and Google Scholar search engines. Search terms used: light
diode LED ultraviolet UV exhaust plume simulator array power lens variable vary intensity feedback control controller Gallium Nitride
Aluminum wavelength detect detection detector memory pattern

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2003/0035301 A1 (Gardiner et al.) 20 February 2003 (20.02.2003), Entire document, 1-19, 20a, 20b
especially Fig. 1, 2b; Para [0100], [0102], [0103), [0115], [0119], [0121}, [0123), [0184].
Y US 4,173,777 A (Schmit et al.) 06 November 1979 (06.11.1979), Entire document, especially 1-19, 20a, 20b
Fig. 1; col 3, In 23-26; col 4, In 15-23.
Y US 2003/0053504 A1 (Bour et al.) 20 March 2003 (20.03.2003), Entire document, especially 7
Fig. 3; Para {0032].
Y US 2005/0247888 A1 (Waluszko) 10 November 2005 (10.11.2005), Entire document, especially | 8, 16
Para [0036).
D Further documents are listed in the continuation of Box C. D
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubits on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
—— special reason (a§ specified) . L considered to involve an inventive step when the document is
0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P” document published prior to the international filing date but later than  « g :
the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
12 February 2009 (12.02.2010) .03 MA R ZO]U
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450
- PCT Helpdesk: 571-272-4300
Facsimile No.  §71-273-3201 PCT OSP: 571-272.7774

Form PCT/ISA/210 (second sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report

