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Introduction ”X

INNOVATIVE OPTICAL SYSTEMS

PLX Inc. has been fabricating spgoalified assemblies for
over 40 years. Our optical technologles are an integral part of some
2F OUKS ¢g2NIRQAa Y2al y2GlFl06fS alL

Throughout the years, we have become accustom to providing
high-quality optics that will maintain their integrity and accuracy as
well as withstand some of the harshest conditions and environment:
known.
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Space Clientele Hx

INNOVATIVE OPTICAL SYSTEMS
PLX Inc. has been privileged to work alongside some of the leading space

agencies and companies all over the world:

a
f-esa

)7/4 Ball Aerospace
& Technologies Corp.

ThalesAlenia

( a Thales / Leonardo company S p a Ce

Jet Propulsion Laboratory
California Institute of Technology
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Space Participation Timeline ”X

INNOVATIVE OPTICAL SYSTEMS
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2003¢/ { ! Q& T3 Spexrtrometer 2021¢ PLX contracted to work on an interferometer
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Apollo - Soyuz Mission (1975) Hx
Mission StatusCompleted

INNOVATIVE OPTICAL SYSTEMS

Our space heritage dates back to 1975 We provided
hollow retroreflectors for the ApolloSoyuz Space Union
betweenthe Americansand RussiansTheseretroreflectorswere
usedin the dockingprocedureto alignthe two spacecrafiaswell
asmeasuregasesn the vehicleenvironment

Image courtesy of PLX Inc.

Image courtesy of Wikipedia
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NASA Laser Test (1985)

Mission StatusCompleted

INNOVATIVE OPTICAL SYSTEMS

In 1985 aspartof b | { Ldd@gDistancelLaserTest,PLXInc. built an 8¢ [203 mm] diameter
retroreflector that was mounted to the spaceshuttle Discovery Below is an excerpt from the
WashingtonPoston the succes®f the test:

Space Shuttle Succeeds in Laser Test

By Thomas O'Toole
A beam of laser light fired from a mountaintop in Hawaii bounced off a reflecting mirror on the space shuttle "We demonstrated today that we can track a fast-moving target with a laser on the ground,” Meyer said.
Discovery today as it flew 230 miles overhead at a speed of 17,500 mph “Our next step is to perform the same kind of test with rockets fired to an altitude of 360 miles to see if

. . o P . . ground-based lasers can stay with them all the way to altitude.”
The event was the first "Star Wars" test between the Air Force on the ground and the National Aeronautics » . .

and Space Administration shuttle in orbit. After seeing the test botched two days earlier, the Air Force Today’s feat was not a technical advance, but one of a series of laser tests in the sky and space. Lasers were

declared today’s attempt a success. But it was not intended to solve any of the most difficult problems of first observed from space by American astronauts 20 years ago and have been used by the Pentagon in

setting up a "Star Wars”™ defense system. It also was not the first laser tracking test, but it probably was the . ¢ )
& Ui v © ; various applications for the last 15 years. Laser telescopes on the island of Maui, where today’s test was

most media-tracked of the tests in the Strategic Defense Initiative program, as it is formally known oo .
conducted, routinely reflect beams off Soviet spy satellites to determine what kinds of optical sensors they

The "Star Wars” plan envisions knocking down enemy missiles with lasers or other weapons before they carry.

reach the United States
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Relay Mirror Experiment (1990) "X

Mission StatusCompleted

-—— RME SPACECRAFT
A
RELAY MIRROR

RELAV UPLINK

\ / SOURCE BEACON

TARGET
BEACON

RELAY g
DOWNUM’

Image courtesy of David Darling

INNOVATIVE OPTICAL SYSTEMS

After the successof the LaserTest, PLXInc. gained significant
recognitionand was awardeda contract with Ball Aerospaceto work
on the RelayMirror Experiment(RME) The experiment directed a
1.064>m laserbeamemitted from one groundsite to a mirror orbiting
at 450km altitude, andthen to a groundbasedtarget.

PLX also contributed to the LeRower
Atmospheric Compensation (LACE)
Experiment that was launched as a dual
payload with the RME.

Space Applications
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Retroreflector in Space (1997)

Mission StatusCompleted

A The Retroreflector in Space (RIS) is one of
severalinstrumentsaboardb ! { 5 (hdwalAXA)
AdvancedcarthObservingsatellite(ADEOS)

A RISis a retroreflector for an Earth-Satellite Earth
laser used in long-path absorption experiments

of atmospheridrace gases

RN

INNOVATIVE OPTICAL SYSTEMS

SR

APLX Inc. designed and manufactured a 20¢
[508 mm] diameter light-weighted retroreflector G
-
that achievedanaccuracyf onearcsecond l
QCTS (Ooam Cobr mvd Tumperature Scarswer)
Fade Disictiva POLDER (Polariz ation and Directionality of Barths Reflectances)

AVNIR (Advaed Viie md Nex Lfrmed Radioneter) | MaAQe courtesy of JAXA
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RIS Retroreflector

A Todate,thisisthe largestretroreflector eversentto space! INNOVATIVE OPTICAL SYSTEMS

A Containeda curvedmirror to enhancethe far-field pattern seenon earth.

-
&

Flat surface FlaE__aurface

Curved surface

Image courtesy of NIES Image courtesy of NASDA

PLXPROPRIETARYOTICE
THISDOCUMENANDTHEITEMSDEPICTEBEREIMRETHEPROPERTOYFPLXINC

Space Applications

13 THEYARE FURNISHEFOR EVALUATIONPURPOSESNLY AND SHALLNOT BE N \} =)
PLX Inc. | T [ e DISCLOSEDRDUPLICATEORUSEDFORANY COMMERCIARURPOSBESITHOUT V-Y )
. . . : a3 o
THEEXPRESBRITTERONSENOFPLANC MILITARY AEROSPACE COMMERCIAL



http://www.plxinc.com/

INNOVATIVE OPTICAL SYSTEMS



Endeavor Radar Mission (2000) "x

Mission StatusCompleted

INNOVATIVE OPTICAL SYSTEMS

C-band Main Antenna

A JPL deployed corner reflectors during the
R mission. These are highly reflective
Determinaion Avionios | structures that appear as a bright point in
' the radar image.

A These reflectors deployed with precisely
measured coordinates, served as control
points in the Shuttle Radar Topography
Mission data.

A PLX Inc. designed a Retroreflector Array
for creating a highresolution digital
topographic database of the Earth.

X-band Main Antenna

Mast Canister

Outboard Antenna

GFSiATamg Ko Image courtesy of NASA

Outboard Electronics
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TES Spectrometer (2002) ”X

Mission Status:
INNOVATIVE OPTICAL SYSTEMS

A The TroposphericEmissionSpectrometer (TES)is
one of four instrumentsaboardb ! { AGaEarth
Spacecraf{formerlyknownasEOSCheml.)

A Thed& LIS O (i NPmMaiS ap&radihds to study the
chemistryand dynamicsof the Earth'stroposphere,
the lowestlevelof Earth'satmosphere

A PLXInc. provided high-accuracyberyllium mirrors
and retroreflectors that were instrumental to the
succes®f the spectrometer
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'ES Optical Schematic

Tropospheric Emission Spectrometer (TES)

RN

Revision Date: 32598

; / / & M_EE"LTET"“"'”'"::Z"%g_m, - INNOVATIVE OPTICAL SYSTEMS
NG o P e e A TES is a highesolution infraredimaging FTIR
e = TEES = spectrometer.
- i
g A The change in opticglath difference is achieved
| by backto-back cornetcube reflectors (PLX
Design) mounted on a translator mechanism.
A PLX Inc. also developed, designed and fabricated
= N A o= < beryllium flat mirrors (M7 and M10) and roof
g | mirrors (M8 and M9).

Image courtesy of NASA
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TES Beryllium Retroreflector

Image courtesy of NASA
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Image courtesy of PLX Inc.

Image courtesy of PLX Inc.
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ACE - FTS Spectrometer (2003)

Mission Status:

A The Atmospheric Chemistry Experiment Fourier
TransformSpectrometer(ACEFTS)s one of several
iInstrumentsaboardthe CanadiarbatelliteSCISAT

AThea LIS O 4 N2mais d
andunderstandthe chemicalprocesseghat control
the distribution of ozonein the 9 | NEtfiaQ@gEhere

pBratiEs to measure

RN

INNOVATIVE OPTICAL SYSTEMS

MAESTRO
instrument E
A PLXInc. specially designed retroreflectors were
used to provided modulation which was |4, g 7%
Instrumentalto the succes®f the spectrometer 2pL &

FTS baffle -~

5-Band antenna
/— (1 of 2)

/ ~— Coarse sun sensor
M (1 of 6)

~~— Magnetometer

CALTRAC

Space Applications
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INNOVATIVE OPTICAL SYSTEMS

A ACEFTS is a higtesolution infrared
Imaging FTIR spectrometer.

A The change in opticglath difference is
achieved by two cornecube reflectors
(PLX Design) mounted on a single bracket.

Aperture
stop (4

@n B ichroic

r Lenss
20
Quad Call LHE VI SNR@dad Cell

Image courtesy of ABB Bomem

1.55 wn
filter (19

Prirnary rimor (3)

Space Applications
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ACE - FTS Instrument ”X

INNOVATIVE OPTICAL SYSTEMS

PLX Retroreflectors

mounted on a Single Bracket.
Second retroreflector obscured by
beamsplitter.

Image courtesy of ABB Bomem
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PES Spectrometer (2005) ”X

Mission Status:
INNOVATIVE OPTICAL SYSTEMS

A The Planetary Fourier Spectrometer(PFS)s one of
several instruments aboard the Venus Express
Satellite Another PFSis aboard the Mars Express
(launchedin 2003). MR /”"G _

~ "~=\,\\1‘_\' SPICAV/SOIR
AThed LIS O NEPmad dpSrationis to study the p t‘/

atmosphereof both Venusand Mars aswell asthe
soilcompositionon Mars.

A PLXInc. speciallydesignedretroreflectorswere used
to providedmodulationon rotating interferometers
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PFS Optical Schematic "x

Detect Beamsplitter
We SWC INNOVATIVE OPTICAL SYSTEMS
Parabolic Rotating reflector

Axis of A PFS is a higtesolution infraredimaging
rotation
FTIR spectrometer.

Detector
LwcC

A The change in opticglath difference is
achieved by four cornetube reflectors
(PLX Design) mounted on a single rotating

Pointing
kror™ bracket.
i i ' Torque
Entrance Dichroic Beamsplitter
aperture \\® beamsplitter LWC motor

Image courtesy of Science Direct
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PFS Instrument

PLX Retroreflecto(®)

Image courtesy of ESA

Image courtesy of ESA

INNOVATIVE OPTICAL SYSTEMS
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Keldysh Space Program (2009) "X

Mission StatusCompleted

INNOVATIVE OPTICAL SYSTEMS

A PLX Inc. designed hollow retroreflectors for one of the
Instruments aboard the MeteeM Satellite.

At KS RSQOAOSQa YI Aymeedrdbtidali A 2y A
purposes, remote sensing of the surface and
atmosphere of the Earth.

A Data from this device is used for obtaining
temperature/numidity profiles and trace gases
monitoring, as well as for weather forecasting and
prediction of climatic changes.

A These specially designed retroreflectors experienced
sinusoidal modulation between the range of-100 Hz.

Image courtesy of PLX Inc.
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ICESat -2 Testing (2015) "X

INNOVATIVE OPTICAL SYSTEMS

Mission StatusCompleted

PLXsupplied NASAa vacuumcompatible Lateral
TransferHollow Retroreflector(LTHR)Thisunit waspart
of the ground support equipment for testing and
verifying the Advanced Topographic Laser Altimeter
System(ATLAS)

Unit Specifications:
AClear Aperturep ¢ OMHT YYB8 @
ABeam Displacemenny ®p € wnTtn YYB8 ®

AOverall Accuracyt arc second.
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TIRVIM Spectrometer (2016)

Mission Status/ctive

A The Thermal Infra-Red V-Shape Interferometer
Mounting (TIRVIM) Spectrometer is one of three
spectrometerson the AtmosphericChemistrySuite
(ACS)nstrument on board the ExoMars2016 Trace
GasOrbiter satellite

AThe & LIS O U N2 rvai (oj=Mliod is to monitor
temperature profiles and measure aerosol content
duringnadirobservations

A PLXinc. retroreflectors were usedfor their ability to
perform in harsh environments while maintaining
exceptionalstabilityandaccuracy

(aSSIS

FREND

RN
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Image courtesy of ESA

Schiaparelli
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TIRVIM Optical Schematic "X

= S’i 1 p éiﬁg INNOVATIVE OPTICAL SYSTEMS

A TIRVIM is a highesolution thermal
iInfrared-imaging FTIR spectrometer.

A The change in opticglath difference is
achieved by two cornecube reflectors
(PLX Design) mounted on a single double

[ pendulum.

/ r () tea
o

TIRVIM' axes
concide with
Spacecraft axes

Double-pendulum
rolation axis

Image courtesy of Cynthia Holmes
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TIRVIM Instrument HX

e =
|||||||||||||| sk v  , ¥ lllllllllllll,l,l'l,l:,l,l’l’l’l,’

PLX Retroreflectors

mounted on a Doublendulum.
Second retroreflector partially obscurec
by beamsplitter.

Image courtesy of ESA
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CAMS Metrology System (2016) "x

Mission Status/Active
_ INNOVATIVE OPTICAL SYSTEMS
A The CanadianAstro-H Metrology System(CAMS)

IS an alignment system for the Hard X-Ray

Telescopeboardthe Astro-H observatorysatellite. 2 et Llosops )
‘Hard X-ray Telescope (HXT)x2 g

A CAMSs designedo measurethe lateral/rotational
displacementin the a LJF O S (bplicaF letra
relativeto the instruments

X . W Extensible Optical Bench (EOB)
b~ WU’ Deployed after launch to
1 ‘ achieve 12 m focal length
P /M. necessary for Hard X-ray
s :

A PLXInc. designeda 1.94¢ [49 mm] Invar mounted
retroreflector with a 0.5 arc secondaccuracywhich
wasusedfor alignmentmonitoring. AKermy (mager

Soft X-ray Spectrometer (Sx8)

PLXPROPRIETARYOTICE
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CAMS Optical Schematic "x

INNOVATIVE OPTICAL SYSTEMS

«—— Beamsplitter

PLX Retroreflector used to return
the laser beam over 12m back to

the CAMS system.

Beam expander

e/ |

Attenuator

Image sensor

*Not shown: baffie surrounding
image sensor

o
Image courtesy of NEPTEC
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