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Optical RE Communications Adjunct
(ORCA)
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Air-to-Ar Crosslinks e
FSO/RF _
= 200 km Hode Separation s
> 90% Availability @ > 5 Ghps J,-f'

FSO/RF

Adverse Weather

Up to 50 km Slant Range
> 60% Availability @ > 2.5 Gb/s
> 95% Availability @ 274 Mb=

4'_1;-“-,_ " t

Develop & Demonstrate a Leave-Behind, High Reliability, High Data Rate
TRL 6 Tactical Communication Network




Technical Approach Paradigm Shift

Hybrid Optical-RF Communications Systems

SIe

Svmlege Technobogy QS
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ORCA Approach to Mobile Free Space Communications
with High Availability and High Average Data Rate

Today™s Commercial Approach Building to Building

.Dr.

RF

— Low Data Rate — High Data Rate

— Stable Channel — Bursty Channel

— Relatively immune — Must have clear /
to cloud blocking haze conditions

— Sometime affected — Less degradation
by rain than RF in Rain

Generally complementairy
channel characteristics

and

Enhables Free Space Optical (FSO)

Communications bandwidth without giving up RF
reliability and “adverse-weather” performance

Improves network availability Quality of Service

(Qo5)
More options for adapting to weather

— Common atmospheric path effects and
compensation {directional links)

— Physical Layer diversity improves Jam

=

Resistance

Size, Weight and Power (SWaP) Focus
— Leverages common Power, Stahilization, etc.

— Economical use of platform volume

Enables seamless transition of free space

optical communications into

spproved for Public Relesse, Distribution UPHTdE FIE@XHRE Nt




Notional ORCA Air Terminal Sl
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RF System — Orderwire? | - e
—
RF System — High Rate RE Madam Ameitior | N;!::Ta \ *ﬂ;n"’.;.t‘
t * Dich ]
Hizern

RF Controller [ |
Arderna Pontreg

Sintus
; GFIINS
Router Switch Assembhy [ 1
Rouler RouteriStorags Maode Contrallar (Lacal)

Taer Data Switch " mﬂ - #mh:;m:w

GiiE Cisla LW{HH!] Compiibs nia Separalion
] ot 30T Povenw 5’]“"‘“‘”

FS0 Controlker
ControlStatus
F30 Modem | Amplfier »| Antenna J
EDFA Triescope
Hem |5p heric Euverage FS0 System — Optical Radio (could be >1)

Non-cooperative link acquisition
Optical Radome and/or Turret

RF Radome and/or Blade
Pod or integrated into airframe

Spproved for Public Release, Oistribotion Urlimited, Case 3704




ORCA Technical Challenges S,
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. thsn:al Links
» » 5 Ghis FSO Link: Power*Aperture product conducive to Link Margin and SWapP
a F50 Dotz Rate =25 Ghbés, Airto-Ground J Ground-to-Air
& F50 D=tz Rate =5 Ghis, Airto-Air
» 274 Mb/s RF Link: Power*Aperture product conducive to Link Margin and SWaP
— Spectrum efficiency in avalable bands enabling Ghds =t military ranges =200K m
* Nominal 40-50 dB variation because of atmospheric turbulence {i.e., scintillation)
» Link Availability hecause of limited Power *Aperture product
» Aero-Optic effects in airborne platforms
» Affordable Pointing, Acguisition, Tracking
» Ohscurants (clouds, haze, rain, snow)
*» Recemser Performance vs Complexity (e.q., APD, PIM, PMT)
» Network
» Network traffic:
- Characten stics of data sources, [VWolure, Burst, Stream]

» Traffic demand. {Consumers, Diversity)
— Metvwork derent capability:
— Mobility, altitude, orbital pattern.
- Link rt density.

. Sunvivability Red = key challenges
- Tolerance of network to node ar link outage.

» Reliability with limited redundancy, intermittent, directional links

* 5+ Gh's encryption of a highly mobile transtory node network

* Dynamic Q0% to provide ‘Dial Tone® i.e. =95% network availability
= Traffic pricritization, dynamic link allocation, buffering routers

 Platform

* Air Segment

= Minimiding SWaP and Mold Line i mpacts to wehicle [drag & weight = fuel

* Ground Segment
- Mobile ground optical termina

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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o Reliable High Data Rate 3 — o
- FS0 high but wrrefiable data rate > ) -
— RF lower, but rafiabia _ \ — recar

N §

e Operating In the Lowest 10 km of atmosphere ! j%
~ Weather limitations (Most clouds located at lower altitudes) G SR
- Stochastic channel degradation (e.g., turbulence-induced “H_J__ ———

fading) e re—————

a ] a ¥ a W 13 i i 10
Parcant of Time Occupied by Clouds

DFTICAL THI{ENTCSS 51P Bu oM roR

Two Imaged Stars:

- Without Turbulence (left) neit LR HL LT LS

- With Turbulence (right) ;i':}—_._,rs—*" I
s 7 | M
E" 7 Availability
] *
¢ High System Availability in Adverse Weather Conditions 0 )
- F50 performance strongly tied to Cloud Characteristics and 5| Avaheniny | >
Cloud Free Line of Sight (CFLCS) Statistics - — el
o In most locations, Clear Days are on the order of 60-7084 L
- RF relatively immune to most channel characteristics, not all £ -

I it S S " -
I W oW @ W m b T =T
JLSEE GFTI R Tmi cenlRE

Challenge is High Data Rate at a Relatively High System Availability

FPEToET TOT FIDNG Release, OTEn oan orn O aited, Lase Jr0d




Optical Atmospheric Propagation Effects Sm

Siratwgec Technology Cis
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e Absorption & Scattering {extinction) e Propagation Effects on Beam

~ gttznuatmn Dfppémal Wave — Larger beam spot size at receiver
B _e .UCES 'fece'""’e poWer L o | eads to additional power l0ss in
— Limits optical channel availability

: signal
inthe presence of fog or clouds
P J — Beam wander
¢ Fluctuations in Index of Refraction ¢ Caused by turbulent eddies near Tx
— Zmall temper.ature ﬂu,:tuatigna # Contributes to long-term spot size
cause refractive-index fluctuations & Can contribute to scintillation

knowen as ophical turbulence

. . — Scintillation {intensity fluctuations
— Cause intensity and phase 'I v )

fluctuations on propagating beam #» Feduces signal-to-noise ratio (ShE)
e Leads to signal fades
e Atmospheric Links — Phase fluctuations
— BExtended path turbulence o Angle-of-arrival fluctuations (causes
between Transmitter and beam jitter on detector)

Fecalver (Tx & Rx)
» Lplinkfdownlink toffrom air
& Ajrcraft to aircraft

» Reduces spatial coherence of beam
(determines speckle size at Fx)

— Aero-optic effect around aircraft * Limits Reteroeine emciency in

especially with external dome E'?'“_Erem dEt‘?CtIDﬂ |
 Modeled as thin turbulent layer # Limits "effective" Rx aperture size far

(phase screen) near TxREx improved SME to size of

Spproved for Public Release, Oistribotion Urlimited, Case 3704



Mitigation of Atmospheric Effects CT@

ShEralnges T Smsdogry |
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ot L]

¢ Transmitter System Architecture

— Increase transmitted power
o Improve SR at Rx

— Multiple beams

o Sufficiently separated to
ensure statistical
independence at Bx

e FProduces aperture averaging
af scintillation (similar to
recelver array]

— Muitiple wavelfengths
# REF and optical

— Adapftive opfics
& Corrects phase distortions
caused by optical turbulence

Spproved for Public Release, Oistribotion Urlimited, Case 3704

» Receiver System Archltecture

— Iheoherant (direct) detection
a intensity modulation

» |ArQeE Sperure receiver (improve
reliability)

# array receivers (improve reliability)
— Coherent (heterodyvne) detection

# intensity and phase modulation

& large aperure receiver

# array receivers

Intensity cross-section of beam after propagating thru extendead
turbulence. Dark patches denote asignal fade and yellow circlels)
depict() alarge Rx aperture or (3 an array of small Bx aperures.

(8]




What Was Demonstrated by the c@
Network Centric Radio System (NCRS) Demonstration i

il gt Techinabogny CFiE
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1. Raytheon Network Centric Radio In Operations
+ Operates Like YWNW would In NMeteork Centric Operations at Tier 1 & Tier 2
+ SCA Compliant, Non-Proprietary Software
- Raytheon Will supply FC5 C Waveform Given to JTRS Library as abowe

+ High data rate LOS (including LOS airborne extensions to ELOS) networked radio
system

- =100 km Mon-LOS Fanges Achievable with Airborne Felays
- Automatic Adaptation to Lower Data Rates for Increased Hange
+ Automated "configuration” and Metwork Management

2. Heterogeneous MANET Gateway Architecture Implemented In TCA Structure
Cperates with High Packet Loss and Latency
Accommodates both Proprietary and Mon-Proprietary Radios
Gateways linked end-users via Sample WARN technologies

— FCS-NC, Ku SATCOM, Inmarsat, Indium, GlobalStar
Gateways linked end-users via Tactical Data Radios (IP Capahble)

- EPLRS, EFLES micro-Lite, Soldier Radio VWaveform (SREW), SECHNET 11
Gateways linked end-users via Tactical Voice Fadios

- PRC 117, PRC 119, PRC 150

3. Complete Soldier Operation In Simulated Missions
+ |nitial Training in NCWIDEC 2005 at Fayetteville, TR

+ Heterogeneous Gateway Operations as well as Surrogate LAY Placement for
Cptimum Connectivity

Demonstrated MANET GATEWAY Capability for Brigade and Below




FCS-C Network Centricity Demonstration & |E}

Network Connectivity without FCS5 MANET Gateway

Srwieges Technology Dllde

vpgusmment alloltadon Indmadon ahe s preoedenos over e Inkirmadon oo ndalned |n i pre cenda don.

e Individual units
e Different radio systems
e Can only communicate within the group

Battalion TAC |uma l:mml FISTA Bravm mrmmrl FIST1 Charlie Company
STRET b 5 MY ™™ i ,
E Company

~ ERS '

ée

FLT ‘1*PLT‘ ‘ENPLT‘

Spproved for Public Release, Oistribotion Urlimited, Case 3704



FCS-C Network Centricity Demonstration Sm

Network Connectivity with FCS5 MANET Gateway
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Suwlogs Technadcgy CHa

e Heterogeneous MANET Gateway Nodes Interoperable Eummumcatmns Demonstrated:
— High Packet Loss {5-40%]) * CPOF's & Cisco VolP = HAVEQUICK Il (PRC-117)
- i : ] * ITT Soldier Radio " SINCGARS (PRC-119)
_ Works with propristary and non proprietary : EPLRS * HFMR PRCASY; [Analog]
fodios proprietary Proprigtary - SECHET 11

e Complete Soldier Operation
— FCS Signal Soldiers (Ft Gordon, Ft Ben -~

— USA Soldier Battle Lab {Futures Branct
McKenna Urban Ops)

FCS-C

— FCS Contractors (Raytheon, CenGen) Gh:laﬂmﬁ.; B attalion
LIteway Ajrbarne
Felays

User
Metwork

EECHET 14

"

Corms=| AR OFs 1*PLT a™ PLT] [1*PLT a= PLT ‘1* PLT‘ ‘3“‘ F‘LT‘

Spproved for Public Release, Oistribotion Urlimited, Case 3704




Hybrid System Considerations
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il &

Stwinge Technology D@iis

/ Modal Awareness
s
MNetwork / Network
deployment with / Management
integrated weather [~ f, d
forecast /7
,-f’i’f
QoS schema for transport ’jf”'ﬁ
latency sensitive | RF& FS0 MAC
traffic network | network P | interoperability
QoS schema for mac mac E—f——____ Use RF, FSO or both
XX % Availability FSOJRF Links
physical | physical

Proactive routing
and topology aperture aperture
control
QoS schema to / -
variable data rate / / H E”!
across multiple
physical layers ‘,;/: - qh

Distributed or Form factor & Potential to Co-

Combined RF/ SWaP for hore sight

FSO Apertures || transition heams

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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HETEROGEMEOUS

O GATEWAY
— ith QOS5
O THHEEPELE?H ROUTING TiEde
E _____ EEEEN
&
an TCRAR " s )
a * “TTC wiz DTN ==
E K | rllllll =
£ NN am | . aPa—
1T *.*{_, m‘:’;r L : : - |
. B = e
=
Extend NCRS Networking
o include QUS 0 HOMOGEMEOUS MANETs
With QoS ROUTING
Heterogeneous Gateways E
TCEAS sl sl — Exploit Dual Links wcre o TCEIE
ADDRESS Dynamically Node _ -
_ Provide GIG-E extension to | @B~ ) [HETEROGENECUS
the tactical battie space P\
: [ i
-- ==

Metworking Challenges:

— Extending NCRS: Provide QoS at gigabit rates across heterogeneous hodes with data
aggregation

— Architecture to include handoff between TCP/IP, TCP/IP with DTN, and IP-only segments.
— Dynamics: Soft handoffs between dual links due to connectivity degradations

— Security: Provide gigabit rate IPSEC for tactical nodes
Spproved for Public Release, Oistribotion Urlimited, Case 3704




valegs Teotraregy NS

Extend to
Heterogeneous
NCRS NODE MNetworks for ORCA
==
/N Mew Capability for
I’TT:F%TFh c]F{c:ﬁili‘...-.l.L
ﬁ‘_ - = e q
™ / \
= =T
GATEWY &Y E
= e
- -IE‘
| [ | | [
I | Oy |
g
e

FSOIRF Network
becomes the new
backbone in ORCA

Hode Activated Multiple Access (MAMA)
Scheduler
— DOym=armic TOMA effected by Qo5 Quaus
Characterzation
Efficient Routing

— Unicast Rowting wia Scoped Link Stete Rodting
[SLSR)

— Lowwer Cheerbead Receiver Onented MMulticast Rodting
(RO
Disruption Tolerant Networking to address
temporary link outages due to movement and
occlusions

¢ [P Gateway for Interoperability

— Conversion of analog signals into digital
streams

— Treat Legacy Radios as feeder stub
networks

— Route into NCRS backhone network

The Network has been Proven and is Extensible to ORCA

FPpToET TOr FIDNs Release, ONen Ion ofn Oraited, Lase J70d
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ORCA BAA Details
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i RECEBY [ Trainger Tpctnology Gl

» 3 Phases, with downselect at Preliminary Design Review (PDR)

— Maybe, Second Downselect at CDR if Service Partner co-funds Phase 2
as well as Phase 3

— PDR and CDR will occur after significant field demonstrations

e BAA
— Detailed objectives

— Specific definition of performance models to be used for
evaluation

o Emphasis on past performance and maturity of system
— Entrance TRL Level to Phase 1: TRL 5 Brassbhoard / TRL 6 Components
» Verified by technology demonstrations andior simulations

— Orals at Contractor facilities

e Final demonstration will be in operationally representative
conditions and scenario with User oversight and evaluation
— Leave behind system expected p
16

Spproved for Public Release, Oistribotion Urlimited, Case 3704



ORCA Range Testing SIe

Sralege Technoicgry (s
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e Phase 1 (PDR) in Hawaii--Mauna Loa to Haleakala
—Progressive Increasing Capability and Complexity
—Test-Fix-Test Development Process
sContractor run, with On-site Government ohservers
—5tressing but repeatable conditions
sHawaii provides very predictable weather, including clouds, regularhy present
= Test-Fix-Test Process
—Mountaintop-mountaintop: Approx 150 km
—Air-Mountain: Approx 200 km (nominal 10Kt & 25Kt MSL aircraft altitudes)
—Mountaintop-ground: Approx 50 Km

C P_haseie:tE (CDR) in Hawaii--Mauna Loa to Haleakala to aircraftiground & aircraft to
aircra

—S5ame Philosophy as Phase 1

—Repeat Phase 1 tests, plus air{o-air communications and mutliple node networking:
sfir-Air: Approx 200 Km (nominal 10K ft & 25kt MSL aircraft altitudes)
sMountaintop-mountaintop: Approx 150 Km
sfir-Mountain: Approx 200 km
sMountaintop-ground: Approx 50 km

e Phase 3
—Demo in Operational Setting—i. e. Ft Bragg
s Air-Air: Approx 200 Km
s Air-Ground ! Ground to Air: Approx 50 Km
s Operational environment

sLimited user testing
— Gowernment observers

s Ground-Air-Air-Ground, with Multiple Ground & Airborne Nodes
«5ystem Leave Behind capable

Spproved for Public Release, Oistribotion Urlimited, Case 3704



Phase 1 Metrics
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LStmlrges Tt

1. FSOC Lirborne Cro=szs Links

Ohwerall Date Rate x5 Ghis Flight Altitude ~ 10 8 25 kit M5 L
Range ~150 km; Rate 12 coding + 10%
Ohwerall Information Rate =205 Ghe proto ol owerhead
FS0OC Link Angil ability 295 % Mode-to-node

Bit Brror Rate

2 1ED06 (uncorrecte d’

“arious Times of Day & Might

2 1E-8 (comected]

Anailabilitytests ower 2 hours period

Full-Ouplex

Alr o Motz ]

Ajrcratt Speed = 200-250 kis LAS

2. FS0C MTHAo-MTH Cross Link

Owrall Data Rate 45 Gbis hAT M Atitude ~ 11 kft b5 L nominal
Fange ~150 km; Kate 1.2 coding + 10°%
Oherall Infommation Rate 225 GbhE protecol owverhead
FSOC Link Aoailability = A0 % Mode-to-node

Bit Brror Rate

= 1E06 (uncorrectad)

Warious Times of Day & Night

2 1E-8 (camected ]

Aoailabilitytests ower 10 hours period

Full-Ouplex

3. FSOC MTHAMAND Uplink Downlink

Owrall Data Rate 245 Ghis TN Aftitude ~ 11 kit WS L nominal
GHND Aftitude ~ 0 M5S0 nominal; Rate 304
Derall Information Rate * 1.7 Gbes coding + 10 % protocol owverhead
FSOC Link Angil ability = B0 % Range = 60 km

Bit Error Rate

2 4 E-06 funcomected’

Modeto-node

z 4 E-8 (corrected)

“Warious Times of Day & Night

Aoailabilitytests ower 10 hours period

Full-Duplex

GMND Transceiver Speed = 0-65 mph

Spproved for Public Releasze, Disribom on Urlinited, Caze 3704
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Stalegs Technoicgy s

4. RF Airborne Cross Links

Cherall Drata R ate 274 hibys Flight Adtitude ~ 25 kft & 10 ket MSL
FRange~200km; R ate 12 coding + 10%
Chverall Information R ate 112 b= protocol overhe ad
BF Lirk Aorailability =05 % Mode-to- node
Bit Error R ate S Q4 E-05 (uncormrected]) Warious Times of Day & Might
=4 E-O7 (carrected) Ao gilability tests cwer 2 hours period
FulkCr uples

A to-Ar, Aieto-bATH (11 k) &
Airgraft Speed =200-280 kE |1AS

5. RF MTH4o0-MTH Cros=s Link

Cwerall Data B ate 274 hibv's hﬂ;I'H Altitude ~ 11 kft WS L nominal
Cheerall Irformation B ate 112 hibi's protocol overhe ad
RF Lirk Aorailabiliby = 05 % Mode-te node
Bit Error Rate = 4 E-05 (uncorrected) Warious Times of Dav & Night
= 4 E-O07 [ corrected) Horgilabiliby tests cwer 10 haurs period
FulkD uplesx

B. RF MTHSSND UplinksDoswnlink

Cwerall Data R ate 279 hibv's MTH Alkitude ~ 11 kit WSL nominal
GHD Altitade ~0 MSL nominal; B ate 24
hverall Infarmation B ate =185 Mbis coding + 10% pratocol owerhe ad
BF Lirk Aovailabiliby = 05 %% Eange=50km
Bit Errar Rate 2 4 E-05 {uncarre cted) Mode-to node
= 4 E-O7 {corected) Warious Times of Daw & Night

P gilabiliby tests ower 10 howurs period
FulkDr uples

MDD Transceiver Speed = OGBS mph
Eppl:nued for Bvblic; Belease Nisribadion odiccited Cas4 9709
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Stalegs Technoicgy (s

4. RF Airborne Cross Links

Chwerall Lrata R ate 274 hibv's Flight Altitude ~ 25 kft & 10 kit MSL
Fange~200km; R ate 1.2 coding + 10%
Chyerall Information R ate =112 Mbvs protocol owverhead
BF Lirk Aorailability = 05% Mode-to- node
Bit Errar E ate S g E-05 funcarre cted) Warious Times of Dray & Might
=4 E-OF (corrected) Ao gilability tests ower 2 hours period
Fulk D oup e

Auir-to-Air, AiFto-bATH (11 k) &
Adrcraft Speed = 200-250 ki 145

5. RF MTH4o0-MTH Cros=s Link

Cwerall [ ata F ate 274 ks WII[‘LMHIudEIn:““I“! ILf't h-'!IS‘_L “'?,T.E'il -
Chuerall Irformation R ate 112 Mbs protocol overhead
EF Lirk Sorailability = 05 % Hiode-to- node
Bit Error Rate = 4 E-08 (uncorre cted) Yarious Times of Day & Night
=4 E-O07 (corrected) A gilability tests ower 10 howurs period
Fulk [ uplesx

E. RF MTHAGND Uplinkf!Dovwnlink

Cwerall [»ata K ate 274 ks MTH Altitude ~ 11 kit WSL nominal
GHD Altibode ~ 0 MSL nomin al; B ate 24
Cwverall Information R ate =125 Mbs coding + 10% protocol ower he ad
RF Lirk 2ovailability = 05 Eange=S0km
Bit Errar B ate = 4 E-05 (uncarre cted) Mode-to node
=4 E-O7 (carrectad) Yarious Times of Day & Night

£orgilabiliby tests ower 10 howurs period
Fulk O up lex

GHD Transceiver Speed = 085 mph
Spproved for Public Release, Oistribotion Urlinited, Caze EIT'|IIIEI
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Italic ltems= are primary Metric; Un-italic
7. METWOR KING Svstes medworking 2mhiecture inoledes: terms are Sub-metrics to primary Metric

Ground node that with a direct interface to
the &1E, ground node with 3 direct interface
to tactical network gatevuay, airborne
nebwoting =egment that provides
connectivity betuween ground GG node and
tactical nebmark gatewvaay node:

C onformity to |PuS protocol standard [P
inclus e of linksnetwork securiby

Inchesion of link disruption mitig ation
protocals

Support to all Lol QoS zervices defined by
ASD NI

Airborne networking segmentthat supports 2
4 platforms with multiple netwods ing no des;

End-to-end netwads configuration with
minimum support to: one ground GG node,
four airborne platforms e ach with muttiple
nodes for mesh andfor mobile ad hoc
nebvatking support, and two ground tactical
nebuatk nodes each with up to 64 1P
address able tactical communications nodes

Secure communications capability Ci.e.
HARPE) far end to-end secure trarsport that
iz permissible by the source and destination
pair

Traffic =hapingsprioriization to allow resource
management behwean high prioriy, low
latency internal ORC A netwark r affic and
lawger priority, |atencay toler ant external ORC A
nostewn e trafiic.

Swccessy Laporsory des onstha@ior offthe
core techrologies wsed it e systen

1 P G L g O oy el it e
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Stwlegd Techradogy WP

YR HBENTAL CO-HO METRIC EEMARKS

Laser Safety| ANSIZA3G A 20007, "Safe Use of Lasers” Ferdform to Standard

AN Sl Z136.6 (20000, "Safe Use of Lasers
Cutdoors” Ferdorm to Standard

IEEE Standard 1498-1979, "Standard Test
Antenna Testing Frocedures for Antennas" Ferdorm to Standard

IEEE Standard 1100-1299,"Recommen ed
Fractice for Powering and Zrounding
Electronic Equipment” FPedorm to Standard
MIL STL-2772332, "Modification and b ark ing
Requirements for Test Equipment in
Aerospace Wehicles and Related Support
bl ark ing B equirement Equip ment' Ferform to Standard

hik 51d 51 (EMIYEMC electrical interference

Ehdl/EMC te=ting and iEolation technigues’ Fedorm to Standard
FEOGEAMATIC CO-HO METEIC REMARKS

MTH-MTH tests will be between Mauna Loa
Test Sites All Test will be peformed in Hawaii to Haeldiala

Ground Platfarm Contractor Wehicle

Air Platform for Design C ontr actor Aircrait

To Zround Truth Theoretical Predictions
et ological Ground Truthing] Contractor Supplied'S overnment Approved |and Sensitiviby Analyses

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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CO-MO GO METRICS

Phase 2 Metrics i

Svalegs Tectmabogy G

MEASUHEMEH COMNDITIONS

1. FSOC Arborne Cross Links

Dwerall 0 ata R ate 246 Ghk Abtitude ~ A0 & 25 kft MSL nominal
Fange ~1580 km; Rate 142 coding + 10% protocol
Chuerall Irformation R ate 220 Gh's over he ad
FSOC Link Aowailabiliby = 05 % Modeto-node

Bit Error R ate

= 1E-0G funcorrected]

Variows Times of Day & Might

=2 1E8 (cormmected)

£orgilability tests ower 2 hours period

Fulk Dup lex

Trarscever Coverage = &

Auir-to- Sir Z Airto-MTH (11 ki)

Aireraft Speed = 00250 ks 145

2. FSOC MTH-to-MTHN Cro=s Link

Chyerall [ata R ate =25 GbhE MTH Alitude ~ 11 kft MSL nomin al
Fange ~1580 km; Rate 142 coding + 10% protocol
Chuerall Irformation R ate 220 Gh's over he ad
FSOC Link Aowailabiliby = O % Modeto-node

Bit Error F ate

= E-D6 funcarrected)

Variows Times of Day & Might

=2 1E8 (cormmected)

£ gilability tests ower 10 hours period

Fulk Dup lex

Trarscever Coverage = &

2. FS0OC MTHASND Uplin kDO ownlink

Cheerall [ata R ate 25 Gbk MTH Alitude ~ 11 kft MSL nominal
GHD Alitude ~ O MSL nominal; B ate 28 coding + 10%
Cherall Infarmation B ate = 1.7 Ghis protocol overhe ad
FSOC Link Ao ailabiliby = 60% Fange =50 km
Bit Error R ate 24 EOG (uncorreche d) Modefo-node

= 4 E-2 (corected)

Wariouws Times of Day & Might

Aordilability tests ower 10 hours period

Fulk Duplex

Trarsceiver Coverdage = Hr

GHD Trarsceiver Coverage = 217

MDD Trareceiver Speed =0-G5 mph

Spproved for Public Release, Oistribotion Urlimited, Case 3704




Phase 2 Metrics (cont)

Mot : anvg o vernment milolfadon Intmadon tahe G preoedenoe o ver e Iniirmadon oo ntalned In hicpre@nta don.

4. FSOC ARSGHD UplinkMoswnlind

Chyerall [ ata R ate 25 Gbhk AR Alftude ~ 25 kit & 10k MSL
GHD Alitude ~ O MSL nominal; B ate 28 coding + 10%
Cherall Infarmation B ate = 1.7 Ghis protocol overhe ad
FSOC Link Ao ailabiliby = 60% Fange =50 km
Bit Error Rate =< E 05 funcorrected) Modeto-node

= 4 E-2 (corected)

Wariouws Times of Day & Might

Aordilability tests ower 2 hours period

Full Duple:x

Trarsceiver Coverdage = Hr

GHD Trarsceiver Coverage = 217

ZHD Trarsceer Speed =0-85 mph

Aircraft Speed = 0250 ks 145

5. RF Airborne Cross Links

Cwerall [ata B ate 27 bl b's Flight Altitude ~ 25 kit & 10 kit MSL
R ange ~200 km; R ate 142 coding + 10% protocol
Chverall Irformation R ate =112 mbis over he ad
EF Link 2o ailability = 059% MNodeto-node

Bit Error R ate

=4 E- 05 (uncorreched)

Warious Times of Day & Hight

=4 E-OF (corrected)

A gilability tests ower 2 hours period

Fullk Douple:

Transceier Coverage = Sy

Auir-to- Air, Airto- W TH (~ 11 ki) &

AirfGHD

Ajrcraft Speed = 200250 ks 145

E. RF MTH-to-MTH Cross Link

Chwerall D ata R ate 279 hibw's MTH Alitude ~ 11 kft MSL nominal
Fange ~1580 km; Rate 142 coding + 10% protocol
Chverall Irformation R ate =112 mbds over he ad
EF Link 2o ailabiliby = 25% Modeto-node

Bit Error R ate

=4 E 05 funcorrected)

Warious Times of Day & Might

=4 E-O07 (corrected)

Ao gilability tests ower 10 hours period

Fulk Duplex

Tramsceier Coverage = T

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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Stnlegd Technadegy L

7. RF MTH/SMNO Uplink Dovvnlin

Cheerall [ata R ate 274 hibi's MTH Alitude ~ 11 kft MSL nominal
GHD Alitude ~ O MSL nominal; B ate 28 coding + 10%
Chyerall Information R ate =125 Mbis protocol overhead
FF Link Ao ailability = 25 % Fange= 80 km
Bit Errar R ate 24 E08 (uncorre che d) Modeto-node
=4 E-07 (corrected) Warious Times of Day & Might
Auailabiliby tests ower A0 hours period
Full Duplex

Tramsceier Coverage =
MDD Transceer Cowerage = 211
GHND Trarsceer Speed =0-85 mph

2. RF AIRMGHND Uplink/Dowwnlink

Chyerall [ ata R ate 274 Wbz AR Alttude ~ 25 kit & 10 k{ MSL
GHD Alitude ~ O MSL nominal; B ate 28 coding + 10%
Chyerall Information B ate =125 Mbis protocol overbe ad
RF Link Ao ailabiliby 2 25 % Fange =51 km
Bit Errar R ate 24 E05 (uncorreche d) Modeto-node
=4 E-O07 (carrected) Warious Times of Day & Hight
Aoradilabiliby tests ower 2 hours period
Fullk Douple:x

Trarsceiver Coverage =

HND Transcener Coverage = 21
GHD Transceiver Speed = 0-65 mph
Adrcratt Speed = 00 250 kis 145

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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Ttalegs Tertrabsgy WS

pmiocol stzmd ad .I'.":'LrlS.‘.'?c.'.'.‘.'&.‘Lre o Italic kems are primary Metric; U italic tems are Sub-
3. MET'WOR KING Nt worl secuw ity metrics to primany hetric

Degr onstration of Mehwordi Comres uily fo
GG and tactios! gake way (dedfimed by
o]

Field desomsi@bor of 2ichome segr et
e o mg swpoorkieg two S pladfom =
v two o ot s, wilh w ook

e v g

Maintain end to-end connechivity of
airbarne segment of =29% reliability with
5% of end-to- end disruplions <6 sec
Secure communications capability (i.e.
HAIPE) far end to-end secure transport
that i= permissible by the = ource and
destination p air;

Laporgony den ornstralion erdto-emd
retviondn perdmr 2mc e Lt F g four Fidonme
modes 3 o growmd modes

Cema of link disruption mitigation protocok
to link disruptiors of =5 sec without
conneclion loss

Metwatk simulations of multiple nodes o
reach 0% =system availability of 250 Mbps
data rate

Support of up to bwo stub netwodis, each
with 54 IP-addressable nodes;
Laboratony den orstation of rafie
shapirgprontization o iow resounze

it @agen et hetween Figh oriority, ow
i@erey imema ORCA medword taffc 3md
foner amonty, l#ercy ioleant externa!
O CA metnon s,
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Phase 2 Metrics (cont) )

e
FREM B 143 Tralegec Technology Dk

e

FHYS|CAL GO-HNO METRIC EEMIaRKS
Sze = 13 cubicfest Credible Design, with supporting Documentation
W eight G00Ibs (including cabling, radome) Credible De=ign, with supparting [ ocumentation
Fower =000 W' atts [ max Credible Design, with supporting Documentation
Ajrer aft Power G400 Hz AC Credible Design, with supporting Documentation

ENYIEQHMENT AL METRIC REMARKS
Laser Safety| AN SI 21364 (20007, "S afe Use of Lasers" Peform to Standard
ANSIZ1E 6 (2000, "Safe Use of Lasers
COutdoors” Peform to Standard
IEEE Standard 1931973, "Standard Test
Antenna Testing Procedures far Antennas" Fedorm to Standard

IEEE Standard 1100-1299."R ecommenad
Fractice for Pomering and Grounding
Electronic Equipment’ Ferform to Standard
MIL-STOD- 27733, "Modification and
Marking Requirements for Test Equipment
in Aerospace VWehicles and Related
bl ark ing R equirements Support Equipment’ Perform to Standard
holil- S5td-351 (EMIEMC electrical
interference testing and ol ation
EMIFEMC technigues) Perform to Standard

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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Phase 2 Metrics (cont)

| Y

Stwlegd Techradogy WP

Electonic Componernt Testing

hiF 51d-202 Celectronic component testing)

Ferform to Standard

Environmental Testing

MIL- STD-210F "Enwironmental
Engineering Conziderations and
Labaratory Tests " Part I, Labaratony Test
hethods,

Ferform to Standard

Temperature range: -555 (35 kff)to 150 Degrees C

Method S09.9 - SaltFog

Method 5202 - Temperature, Humidity, “ibration, and
Altitude

MIL-HDBE-1562 - MATERIAL AND PROCESSES FOR
CORROSION PREEVEN TION AND CONTROL IM
AEROSPACE WEAPOMNS SYSTEMS

MIL-HD BE-12508 - CORROSION PREVENTION AMD
CETERIORATION COMTRIOL IN ELECTROMIC
COMFPOMEMNTS AMD ASSEMBLES

Air Platform PSD = C-130

Ground Platform PSD = HUMVEE

FROGRAMMATIC

GO-MO METRIC

REMARKS

Test Sites

All Tests wiill be pedformed in Hawaii

M TH- WMTH tests wiill be between Mauna Loato Haelad: ala

zround Platform

Contractor “Wehicle

Air Platfarm for Design

Contractor Aircr aft

Metrological Ground Truthing

To Ground Truth Theoretical Predictions and S ens itivity
Anahes es

Spproved for Public Release, Oistribotion Urlimited, Case 3704




Phase 3 Metrics )

FERFORMANCE GO-MO GO METRICS PAEASUREMENT COMNDTICNS

1. FSAC Airborne Cross Links

Chverall D ata R ate 25 ahis Altitude ~ 10 & 25 kit MSL nomin al
Fange~150 km; Rate /2 coding + 10%
Clverall Inform ation B ate =225 Ghis protocol cverhead
FSOC Link Ao ailability 2 95% Made-to- node
Bit Errar Rate £ 1E-06 {uncorrected) Various Times of Day & Night
= 1E-2( carrected) Pardilabiliby tests cwer 2 hours period
FullDuplex

Transcewear Coverage = it
Aircraft Speed = 200-250 kts 1AS

2. FS0C AIRSGND UplinkDownlink

Cwerall [rata Rate 2.5 Gh's AR Alitude ~ 25 kit & 40 kit b S0
GHD Alftude ~ O MSL nominal; B ate 35
Dwverall Information Fate * 1.7 ehi coding + 10% pratocol owverhead
FSOC Link Ao ailabiliby = 60% Fange=40km
Bit Errar B ate =4 E-06 (uncarr ected) Mode-to- node
=4 EScarrected) Various Times of Day & Might

Porailability tests ower 2 hours period
FullDuples

Trarscever Coverage =g

GHD Trarsceiver Coverage = 217
GMD Trarcceiver Speed = 065 mph
Aircraft Speed = 200-280 ks 145

2. RF Airborne Cross Links

Cherall Drata R ate 274 hibss Flight Altitude ~ 25 kft & 10kt MSL
Range ~200km; Rate 142 coding + 10%
Cwerall Inform ation B ate 112 hibiE protoc ol cwerhead
EF Link Ao ailabiliby = 95% Mode-to node
Bit Errar R ate =4 E-06 funcorrected) Viariows Times of Day & Might
S 4 EO7 (corrected) Pordilability tests ower 2 hours period
FullDuplesx

Trarsceer Coverage =4
Aircraft Speed = 200-250 ks [AS

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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Stnlegd Technadegy L

. RF ARG HD UplinkfDownlink

Owverall Data Rate 274 Wb /s AR Altitude ~ 25 kit & 10 kit d 51
GMDO Afitude ~ 0 M 5L nominal; Rate 354
Qverdll Infommation Rate #1845 Mb i coding + 10% protocol owerhead
RF Link Aoailability =953 Fange = 50 km

Bit Error Rate

2 4 E-05 juncomected)

Mode-to-node

£ 4 E-O7 (corrected)

“Manous Timesof Day & Hight

Apailability tests over 2 hours period

Full-Duplex

Tranzceiwar Coverage = 4

GHNO Transceiver Coverage = 217

GHNO Transceivaer Speed = 0-65 mph

Aircatft Speed = 200-260 ks 1AS

. HETWOR KING

Fiedd desionst@for o aibonme Feqar et

e hworting sepporting dhee plakorm: 5, 8
gmurd wode with die ol irderface o the G115,
ard two gowmd mode 5 with an indeace b oa
factical g ate way supporking wp do 64 P-
adae srabke fode s

Halic kems= are primary b etric; Un-italic
tems are Sub-metfrics to primary betric

Demonstrate end-to-end connectivity (betweaen
GIG and tactical gateway’) of *957% reliability
with ¥4 % of end-to-end disruptions <5 sec;

Secure communications capability (.. HAIPE)
for end-to-end secure transport that is
pemissible by the source and destination pair;

Demonstrate the implementation ofa pachet
pricritization mechanizm betwean extemal
OF CAandinternal OR CAnetwork fraffic

Demonstrate multiple senice capabilitie s
Wice

nteractive data

“Adeo

Bulk data transfer
Realtime video

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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PHY S|C AL Go-HO BMETRIC EELLSRH S
Size =13 cubic feet
W e ight G00Ib= fincluding cabling, radome)
Pouer =000 W atts (ma)

Aircr aft Poweer

400 Hz AC and 28D C

If other voltage sources are available the
contractor can use any available extra
power 35 agreed to by the owner,

Ground Power

1200 E0Hz AC and 12WDC

EHYIEQMMENT AL

COMPOHENTS/SUE SYSTEMSYSYSTEMS
Co-H O MET RIC

EERARES

Lazer Safeby

ANS 1351 (20000, "Safe Use of Lasers”

Ferform to Standard

ANSI Z136 6 (2000, "Safe Use of Lasers
Outdoors"

Ferform to Standard

Arntenna Testing

IEEE Standard 1921979, "Standard Test
Frocedures for Antennas”

Ferform to Standard

IEEE Standard 1100319299 "Recommene d
Practice far P amering and Grounding
Ele ctronic Equipment’

Ferform to Standard

b ark ing Fegquirements

MIL-STD-277 22, "Modification and Making
R equirements for Test Equipment in
Aergspace Wehicles and Related Support
Equip merit"

Ferform to Standard

EMIYEMT

bt Std-A61 (EMUIEMC electrical inteference
tezting and isolation technigues))

Ferform to Standard

Electronic Component Testing

ik Std-202 ( electronic compone nt testing)

Ferform to Standard

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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MIL- S T-210F "Environmental Engine aring
Cornsideratiorns and Laboratony Tests " Part ],
Environmental Testing Labaoratony Test hethods, Ferform to Standard
Temperature range: -56.5 (36 ki) to 120

D egraes C
Method 509.4- SakFaoq
Method 520.2 - Temperature, Humid by,
Wibration, and Akitude
MIL-H DBI-1562 - MATERIAL AND
FROCESSES FOR CORROSION
FR EWEN TIOM AND CONTRE QL IM
AEROSPACE WEAPONS SvSTEMS
MIL-HD BK-125048 - CORROSION
FREWENTION AMD DETER IORATION
CONTROL IN ELECTROMIC
COMPOMENTS AND ASSEMBLIES
Air Platform PSD = C130
round Platform PSD = HUMWEE

FEOGRAMBMATIC GO-MO MET RIC BEMARK S
Test Sites FT Bragg Subject to change by & owernme nit
222 High Mo bility hAutipurpose Wheeled
Ground Platform Wehicle (HMbWW or Humwee))
Air Platform for Design C-130= and Contractor Aircr aft Subject to change by & owernme nt

Equipment necess ary to walidate and
hetrological Ground Truthing predictsystems pedformance and sensitivity

Spproved for Public Release, Oistribotion Urlimited, Case 3704
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Trategec Technology OSids

e Must demonstrate, or have demonstrated, ~TRL 6
components and subsystems, which will integrate into a
TRL 5 system, for ORCA Phase 1 and 2

¢ Document achievements in proposals and supportive
background

e Must allow evaluation team to see high fidelity laboratory
component integration and test in simulated
environments.

— Proposers will be encouraged to use outside ranges or

demonstration sites when able to show ability to operate in
relevant environments

¢ Must show ability to deliver RF at 274-548 Mb/s — scaleable to 1 Gh/s
¢ Must show ability to deliver FSO at 2.5 Gh/s — scaleable to 5-10 Gb/s
¢ Must show network capability

e Program Entry Criteria: Prove equipment, algorithm,
network, etc is mature enough to enter this program

Spproved for Public Release, Oistribotion Urlimited, Case 3704



Technology o F'Nil__r'imdl . = E!}ig:&:m“ : %ﬁap{?alue
Opportunities & utyar Funding B Appvoved ORD & snaured inferoperatiy | + ME B Begin
User Needs B AfordabiRly sassasment development
B Steategy in place for evolutnan: ooroech, | » MA L Commirment
(BA 1&2) mﬁgmrgm amﬁm?'#m b 10 raped acquisdion

= Mulipls aming podms
prscibie depending on
B Afoordepd mdtudby

»  Thies lasic opiehs o

LFIF Frate Pristhactan &

Procend mto nexd phase; Explogaticn [Deghyarie Euppqrt
do &ddtioral wark, ERimaanmee
termninate affoel
» Feews are Inephase Comoapd & Testh Davelgiment Production & Deployment
decEoniprogress poink s ContinLous #Mwnhaﬂm with ugers T
higld i necassany Early & continuous festing
. EEOCKIE |
Funding BA 3 I B 4 l BAS I Bﬁ.ﬁﬁ'mnl ProcOperations & Maintenance
i AN validated by JROC
RE[II.IITEI‘I’IEHE MMS I ORD
Exploration ;e Integration Demenstration LRIP Deployment
L] i
= Paperstudies of mﬁ:ﬂ:‘::fe:mpnnem = System Integration of « Complete development = [OTSE, LFTEE = Full rate
altermative that musi be drmonstrated « Demo engineerin of prod.rep production
concepis for demonstrated before subsystems and develapment modals articles s Deployment of
mating a mission inteqration Inio a system components « Combined DTOT & Create syslem
= Exit citeria; « Concepttech = HRaduction of . . - manufaciuring
5pm:i|'i|: concepi in demonstration of new integration risk m“ 0 & capability
ursued & systam concepls . E_Iuﬂu[%u System sperational * LRIF
lm: nology exists, : g?u.m mansiration in a Emdronment. - i 1
amtEme Liechnology — relevant environment E-El!lﬂwjglpﬂlnrl.
mature, (g, first fMigha).

Reference: DDR&E, DoD TEEIPIPDEL%% E&?dmﬁasﬁseﬂbsgebsgneaﬁ ﬂﬁ&}caﬁsﬁ[@uuk September 2003



Technology Readiness Levels Ot

Shadegc Technodcgy s

Mot : anvpousmment milloltadon Indrmadon ke c preoedenos over e Indrmadon oo ndalned |n hispre ents don.

Level | Technology Readiness Example — HG1700 Inertal Measurement Unit
Guided Multiple Launch Rocket System (GMLRS)
1 Basic Prnciples ¢bserved and reported Basic research — Invention of Gas Laser
2 | Technology concept and/or application Basic research — Invention of Ring Laser.
formulated Theorstical description of Ring Laser Gyro
3 | Analytical and experimental cntica function | Applied research — Demaonstration of Ring Laser
andfor characteristic proof of concept. as a rate sensor
4 | Component andfor breadboard validation in | Applied research — Demonstration of Ring Laser
laboratory environment Gyro (RLG kbased Inertia Measurement Unit {IML)
operation under temperature, shock, vibration, and
_ _ g-lcadin -
5 | Component andfor breadboard vaidation in - | Advanced Technology Demonstration —
relevant environment Demaonstration of HG1700-based guidance sat
components (IML, GPS recever, control system,
flight computer) in a high-fidelity hardware-in-the-
) loop facility
6 | System/subsystern model or prototype Advanced Technology Demonstration —
demonstrated in a relevant environment. Demonstration of actua flight-ready HG1700-based
guidance st in a high-hdelity hardware-in-the-loop
faciity and under expected levels of shock,
vibration, altitude and temperature
T | System prototype demonstrated in an System Design and Development -
operational environment. Demaonstration of actud Guided MLRS missilein a
flight test sequence from an operational launcher,
Successful operation in multiple flight
demanstrations
8 | Actua systermn completed and "flight Low Rate Initial Preduction — Developmental Test
qualified” through test and demonstration. and Evaluation of GMLRS in its final form under
mission conditions.
9 | Actua system "flight proven" through Production - Operationa Test and Evaluation of
suCcessiul mission operations. GMWLRE= by the soldier, airman, or seaman .

Reference: DDR&E, DoD Technolo

prnued% E&?HHEESEESE%Sg'EEgnEJﬁ ﬂﬁ&}caﬁ%[@ﬂﬂk SEl]tEITIhEr 2003




Technology Readiness Example ST®

Svmlngs Technoicgy U+

T (GEMLES)
asic Principles o ed and reported T
Technology concept andfor application ,
formulated.

Laser

Research

Facility

circa 1960

Reference: DDR&E, DoD Technolog Eiﬂdmﬁs,spptﬁi‘?ﬁ mer .ﬂ b 1,1.;:9559'%.;5“““- September 2003

.uF' pProve dTar



Technology Readiness Example S[@

Srategec Technology DMls

Lewel | Technology Readiness Example — HGE 1700 Inertial Measurement Linit
Guided Multiple Launch Rocket System (GMLES)
3 |Analkytical and experimental critical function | Applied research — Demonstration of Ring Laser
andior ¢characteristic proof of concept. A5 A rate sensor

Ring Laser Gyro circa 1975

Reference: DDR&E, DoD TEEIPIPDEL%% E&?dmﬁasﬁseﬂbsgebsgneaﬁ ﬂﬁ&}caﬁsﬁ[@uuk September 2003 p - ¥



echnology Readiness

Technology Readiness Example SR

Component andfor breadhoard validation in

labaratory environment.

Reference: DDR&E, DoD Teﬂﬂlp_ql_q'!

Stulegc Technabcgy W

Example — HG1/700 Inertial Measurement Unit
Guided Multiple Launch Rock sterm [GhLES)
Applied rezearch — Demon ion of Ring Laser
Gyro (RLG)-based Inertial Measurement Unit (ML)
operation under temperature, shock, vibration, and
g-loading

Rate Table

I Eiﬂ"Hlﬁﬂ,spptﬁ?ﬁﬂ“E“ Al }_Desrlsl_ﬁuuk, September 2003

on Unlitni Caze 9704



icomponent andfor breadboard validation in
relevant environment,

GMLRS Guidance & Control Kit n

Fll:lrl_ll l|-_-|:| 1}

[hALI
Hanewwell HE1700 l

3PS Reeiver
Interstate NER

ndvan:ed Ta:hnnlngy [Iemnnstratlnn -
Demonstration of HE17 I_II_I-LI-:_IJIJIJIIJ-HH 5
cormponents (MU GRS re y ST
flight c Hrrpl_rtl-'rl in a high-fidelity h-lrl_f""i. 1-in-thie
loop faciliy

Thearmal B atteny
Eagle-Picher
EAP-12155 Control Aduators
Inland Motors

Guidance Prooessor
Texas Instruments C40

Reference: DDR&E, DoD TE[:hnuIm rﬁi?dwﬁs,iptﬁiutn Ten {J.Eg} De_sls Euuk September 2003

on Unlitni

Ca=ze 5370



Technology Readiness Example

Systermd sub sy stern model or prototy pe
dernonstrated ina relevant ervironment.

facility -mlj IJrlljl-'r = :.rn-'l:tl-'l_i levvels of sha
wibiration, altitude and temperature

Hardware-n-the-foop

Live-sky Testing

Reference: DDR&E, DoD Technolog rﬁi?dwﬁs,iptﬁiutn Ten {J.Eg} De_sls Euuk September 2003

Fll:lrl_llll-_-l:' 'n] on Uit Caze 970

UHi
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operational ensronment.

ST

UI

mingc TecFnobogry CF

Ey:tem [‘.l-ulm Ir:I I]errnn.:lrnh n—
Cremonsatration of actual Guided MLES

Advanced Concept Technology Demonstration

Reference: DDR&E, DoD Teﬂlpglq‘t

r f"i‘?“k"ﬁ%i”tﬁ.h.

GPS-aided IMU Flight
{2m miss at 49 km range)

.-

|
*‘"ﬂ
-
-

Pt

¥
|4
7P fhi

nen {J.Eg} De_sls Euuk September 2003

1o Irifni Ca=ze 5370

ﬂiﬂa
:i

o




Actual systermn completed and "flight L ow Rate Inrtlal Prndu:tlun — Developmental Test
gualfied” through test and demonstration. and Bvaluation of GMLES In its final form under
mission conditions.
systermn flight proven” through Production — Operational Test and Evaluation of
:=ful mission operations. GMLES by the saldier, airman, ar seaman.

Low Rate of Initial
Production

=

Production

Reference: DDR&E, DoD TEEL‘I!‘I_DL[:I'[ rﬁi?dwﬁﬁspptﬁiut. I.'llEill'lr 1‘1 ft.gt:ll ?_ESEIEDDH September 2003
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Stalege Technodogy L

The contractor shall perform a system design to achieve the
ORCA metrics using the GFI and other guidance provided in the
solicitation/contract. Included in this design will be a definition of the
quantitative specification for each major component and subsystem
comprising the overall system, a sensitivity analysis related to the
design’s robustness and ALL underlining assumptions in the design.
Major categories in each specification, from the system down to the
components, should include at the minimum: {1) Performance (e.g., for
an inertial sensor, bias stability, drift rate, scale factor, accelerometer
dynamic range); {2) physical {e.g., size, weight, volume, required
electrical power); (3) environmental {e.g., temperature range,
vibration/power spectrum density; shock; humidity range; waterproof;
immersion depth); and {4) programmatic {e.g., testfmeasurement
environment, affordability). GQualitative metrics are not acceptable. It
will be complete and unambiguous, using accepted industry standard
definitions as available. The specification for the components,
subsystem and systems will be the measurement metrics for the
associated Technology Readiness Assessment.

Spproved for Public Release, Oistribotion Urlimited, Case 3704 J e 43



TRL 5 Assessment SI@

Staleges Technaicgy e

Mot : anvpousmment miloltdon Indrmadon fake cpreoedenos o ver e Indrmadon oo ndlned |n hispre ents 4on.

The definition of TRL 5 is “component and/or breadboard validation in relevant
environment.” Its description is that the “basic technological components are integrated with
reasonably realistic supporting elements so they can be tested in a simulated environment.”
Examples include “high-fidelity” laboratory integration of components. Table gives the example
that the components of the HG 1700 like the IMU, GPS receiver, control system and flight computer

were exercised and evaluated in a high<fidelity “hardware in the loop™ facility.

In simple terms, the contractor will be expected to test the components, subsystams
and/or systems in the laboratory under some simulated, expected operational conditions, but the
breadboard is not expected to meet the full packaging, complete environmental and programmatic
specifications. For example, the device will be shown to meet the performance specification while
simultaneously experiencing vibration from a vibration table or temperature cycling in a
temperature chamber or both. The parts that compose the entity also may not be packaged in its
final form as well.

The entity must meet, or exceeds, 100% of the performance, but will not he expected to
he tested under all specified ranges because of cost, equipment limitations, or some other
reasonable consideration. However, the test must be comprehensive enough (>=70% of the range,
centered between the two extremes) to give the govemment the confidence that the any
performance varation is not trending towards future catastrophic failure modes atthis stage of
development. Some statistical testing of the components, subsystems and system (3 < X< 10} is
expected; greater confidence will he given to more samples being used.

Critical to this assessment is a clear, detailed definition of the tests and procedures that
were used. This definition must be documented with the analyzed test results for review by the
government and non-govemment Subject Matter Experts (SMES).

Reference: DDR&E, DoD TEEIPIPDEL%% E&?dmﬁasﬁseﬂbsgebsgneaﬁ ﬂﬁ&}caﬁsﬁ[@uuk September 2003



TRL 6 Assessment S]@

Node: onugouvemment milloltadon intrmadon Bahe cpreoedenos o ver e Inhirmadon oo ndlned | hicpre eents 4on.

The definition of TRL 6 is “System/subsystem model or prototype demunstratmn ina
relevantenvironment.” Its description is thatthe “representative model or prototype system, which
is well beyond that of TRL 5, is tested in a relevant environment.” It represents a major step up in a
techneology’'s demonstrated readiness and the S&T entrance criteria for a Milestohe B Decision.
This is normally the assessmentthat comes after the Component Technology Development (Exit
Criteria). Examples include testing a prototype in a high-fidelity laboratory environment or in
simulated operational environment™ Table gives the example that the demonstration of a flight-
ready HG-1700-based guidance set, exercised and evaluated in a high-fidelity “hardware in the
loop™ facility under expected vibration, shock, altitude and temperature.

In simple terms, the contractor will be expected to test the subsystems, system and/or
prototype in the laboratory under full simulated, expected operational conditions. Unlike TRL 5, the
subsystems, system and/or prototype is expected to meet all the specification, including the full
packaging, complete environmental and programmatic specifications. It will be not be evaluated
under the full formal testing outlined by Acquisition and IOT&E policies, requiring a statistical Test
and Evaluation Master Plan (TEMP) and formal documentation, but enough testing is expected to
provide the government with confidence that it would pass the formal process. In other words,
sufficient statistical testing must be exercised to ensure that a zero/minimal set of unknown
unknowns will occur in future development, if it occurs. The entity must meet, or exceeds, 100% of
the complete specification.

Critical to this assessment is a clear, detailed definition of the tests and procedures.
This definition must be reviewed and approved by the government before execution. In addition,
all tests will be observed by a govemment official or representative. These requirements are
mandated to ensure government expectations are met. As stated above, this TRA could provide a
Technology Maturity Assessment for a future Program of Record at the Milestone B stage, hen

the reason for the extra scrutiny.
Reference: DDR&E, DoD TEEIPIPDEL%% E&?dmﬁasﬁseﬂbsgebsgneaﬁ ﬂﬁ&}caﬁsﬁ[@uuk September 2003
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Based on the customers’ desire before the end of Phase 2, a Technical
Maturity Assessment may be formally signed between the DARPA Director and the
receiving Program Executive Officer or appropriate Acquisition Executive, and the
aforementioned contractor derived specification will be replaced with a set of Key
Performance Parameters (KPPs), defined solely by the customer. This set of KPPs
will be in accordance with the customer’'s Operational Requirement Document
(ORD]) or equivalent documentation. In this assessment, all testing will performed
independent of contractor testing, either by representatives from the government,
an independent, disinterested contractorf FFRDC, or a combination of the
aforementioned. To ensure operational utility, some Limited User Testing {LUTSs)
be done as part of this assessment as well.

Reference: DDR&E, DoD TEEIPIPDEL%% E&?dm Eageﬂbsgebsgneaﬁ ﬂﬁ&}caﬁsﬁ[@uuk September 2003 5 A6
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The definition of TRL 7 is “System prototype demonstration in an
operational environment.” Its description is that Prototype near, or at, planned
operational system represents a major step up from TRL 6, requiring
demonstration of an actual system prototype in an operational environment
such as an aircraft, vehicle, or space. Examples include testing the prototype
in a test bed aircraft.” This is normally the assessment that comes after the
System Integration portion of System Development and Demonstration (Exit
Criteria; see figure 1). Table gives the example of actual demonstration of a
GMLRS flight test from an operational launcher. It requires successful
operations in multiple flight operations.

TRL 7 testing {aka Developmental Testing, or DT) requires formal
documentation like a TEMP developed by representatives from the Service and
QSD testing communities. All documentation is reviewed by humerous groups
and organizations, and approved by the pertinent Acquisition Executive before
execution. All testing is done independently by the government, and periodic
reports come out outlining test results and analyses.

This type of assessment is beyond what is required by ORCA, and
DARPA, in general, and is provided for informational purposes only.

Reference: DDR&E, DoD TEEIPIPDEL%% E&?dm Eageﬂbsgebsgneaﬁ ﬂﬁ&}caﬁsﬁ[@uuk September 2003 ﬁ A7
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SWaP for Each Complete ORCA System Node

Size: 213 cubic feet

Weight: = 600lbs (including cabling, radome)
Power: <4000 Watts (max)

Aircraft Power: 400 Hz AC

Other Objectives

Prefer co-aperture
Operation Duration: 24 hours

Integrate Disruptive Tolerance Network Equipment into TCP/IP-
based ORCA Network to minimize network inefficiencies
Adverse Weather

TRL 6 System Prototype Delivery at end of Phase 2, one cycle less
to TRL-7 (Developmental Testing level)

Solar rejection at disk

Spproved for Public Release, Oistribotion Urlimited, Case 3704 J!‘ 48
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° Technnlngy Readiness Assessment Handbook
e ANSI| £136.1 (2000), “Safe Use of Lasers”
e ANSI| £136.6 (2000), “Safe Use of Lasers Outdoors”

e |[EEE Standard 149-1979 “Standard Test Procedures for
Antennas”

e |[EEE Standard 1100-1999 "Recommened Practice for
Powering and Grounding Electronic Equipment”

e MIL-STD-27733, "Modification and Marking
Requirements for Test Equipment in Aerospace Vehicles
and Related Support Equipment”

e Mil-STD-810 (physical standard containing shock,
vibration, humidity test procedures etc.)

o Mil-5td-202 (electronic component testing)
e Mil-Std-461 (EMI/EMC electrical interference testing and

Isolation techniques) ! a
Spproved for Public Release, Oistribotion Urlimited, Case 3704 s 449
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e Communications & Link Models (RF & Optical)

¢ Atmospheric Propagation (e.g. modtran,
PLEXUS)

e Control System Models (RF/Optical e.g.
MATLAB)

¢ Network Models {e.g. OPNET)
e Utility Models (e.g. EADSIM)

e Optical System Models (e.g. WAVETRAIN,
OSLO)

e Solids Models

)I a0

Spproved for Public Release, Oistribotion Urlimited, Case 3704



0 GFE Information m@
% Reference Models and Standards =~

o WGS-84
e 1976 Atmosphere
¢ Crane Region D3
¢ 5 X Hufnagel-Valley 5/7
—Wind 20fps
—Ground C_2 (T) = 1.0e-13
e Cloud Free Line of Sight Probability
—Korea-June
¢ Visibility
—Korea-April
e Optical Propagation: Beam Type

Spproved for Public Release, Oistribotion Urlimited, Case 3704 J - a1







