Flight Testing and Telemetry
at Patuxent River:

Rob Vargo
Director, Atlantic Test Ranges
Patuxent River, Maryland
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NAS Patuxent River

A Brief History

1992

Reorganized as the
Naval Air Warfare Center Aircraft Division
(implemented BRAC 1991 decision)

* Consolidated research and development facilities
(Warminster PA & Trenton NJ) with existing test and
evaluation mission

* Relocated Naval Air Systems Command HQ and
acquisition offices from Northern Virginia (1997)

2003

Regionalization: S RS
Naval District Washington (NDW)
Commander Navy Installations
Command (CNIC)

1945
Naval Air
Test Center
established

1958
U.S. Navy Test Pilot
-~ School established
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Full Life-cycle Management

Req’ts / Risks Mate.rlel Technqlog Engineering And Production & Operations &
from Fleet / Solution Maturation & Manufacturing Deplovment Support
OPNAV Analysis Risk Reduction Development ploy pp

NAWCWD NAWCAD

NAVAIR HQ WEST COAST HUB EAST COAST HUB

Depot / Industrial Site

A (Fleet Readiness Centers) Lakehurst

O Naval Air Warfare Center

& Logistic Support Activity

»

NAWC Aircraft Div g
Patuxent River ﬁh
China Lake NAVAIR HQ, PEQs,
NAWC Weapons Div NAWC Aircraft Div

Point Mugu . A
NAWC Weapons Div Cherry Point
Fleet Readiness Center East

North Island

w*’ Atsugi, Japan
Fleet Readiness Center Southwest

Fleet Readiness Center

Jacksonville
Fleet Readiness Center
COM FRC Southeast
FLEET READINESS CENTERS
Orlando
NAWC Aircraft Div

26,221 1,657 9,050+

Civilians Military Contractors Common Systems / Mission Systems
/ Training / ALRE

* The CSS number reflects that of FY14, other numbers reflect FY15
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AIRCRAFT SYSTEMS Major Sites

7 “‘ ) LAKEHURST

. AN
AIR VEHICLES

PROPULSION & POWER '
AVIONICS & SENSORS e
CREW SYSTEMS . r
SUPPORT SYSTEMS l@

LAUNCH & RECOVERY, L\%&’ — ORI

P
» Horizontally integrated with other
Warfare Centers and National Labs

= Warfare Centers shaped by BRAC
(Indianapolis, Trenton, Warminster
closed & consolidated at Pax)

TRAINING SYSTEMS

?}!

» HUMAN PERFORMANCE /
SIMULATOR SYSTEMS

and Interoperability DT&E activity

NAWCAD Pax: The Busiest Test Center in the World

PATUXENT RIVER

= The only combined Air/Ship/Shore C4l

Value Proposition

= Mission...the Navy’s principal

RDAT&E, engineering and fleet
support activity for naval aircraft,
engines, avionics, support systems
and ship/shore/air integration.

Workforce: 13,000 engineers, flight
test engineers, scientists, RDATE
professionals. Navy’s intellectual
capital works here.

National Ranges and Labs:
Integrated, unique, MRTFB invested,

joint facilities, and not duplicated by
industry.

Customer: PEO/PMA, but strong
history in Joint, Inter-Service, Inter-
Agency, FMS and Industry
collaborative.

Business Model: Navy Working
Capital Fund (NWCF) supply and
demand model incentivizes cost
consciousness.

= Flag Officer with Command

responsibilities (NAWCAD) and
Technical Authority (Air 4.0).
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. Surface Air
Propulsion & Power Interoperability Lab ACETEF

R e

Atlantic Test Range E : . Electromagnetic Pulse
(Dynamic RCS Testing) North Engineering Center - Simulator

South Engineering . ‘ Facilities for Antennas &
Building g I RCS Measurements (FARM)
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Patuxent River Complex

7 Lﬁ NAS PAX River Assets
CALVERT £} ° Chesapeake Test Range
= \ . Supersonic Corridor
s - UAVRoutes

: .1'5’ ‘ ol
SIGPS A0 B 7 ‘A

il o sonerss K Princess Anne

2k /
8" &n e STON R <‘

WORCESTER

Island & U <
AN NANNIBAL ' 4 ° Ay
_..:;:::-5.-;_::\ %‘ ’,‘\ A—:{)‘Qw /}
N Cﬁsﬂ B
\ / 5 ~
= / ? « Chesapeake Test Range

Helicopter Operating Areas
Military Training Routes also

used by
o Andrews AFB
c Dover AFB
o Delaware ANG
DC ANG

B Other military

% Expanded Air Space

Atlantic Test Ranges

______ < 7
=\

m Restricted Airspace
g « Offshore Ranges
Warning Areas
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HOW DO WE TEST?



EAMENENANENAL TR V ENAR AR U B
Past flight testing

Envelope expansion at
prime contractor site

Follow-on testing at
MRTFB range
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Traditional test programs

e |nitial Airworthiness at Contractor site

 Envelope Expansion at MRTFB ranges

e o - VAg ATR: Real-Time Telemetry
' e Processing Systems (RTPS)
EAFB: Ridley Mission Control

NAVAIR Public Release SPR 2016-347; Distribution Statement A - Approved for public release; distribution is unlimited.



Taking the range to the test

* Initial testing at contractor site, migration to MRTFB range

« MRTFB range supplies TM equipment and manpower

=
MRTFB Range Equipment at Contractor Site
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Taking the range to the test

Mobile Real-Time Telemetry Processing Systems (RTPS)

12 Person Dedicated
Equipment

24 Person Dedicated
Equipment

10-15 Person
Uses Portable equipment (Shell)

Short Bus -6 Person Uses Portable
Equipment
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Taking the range to the test

Mobile Telemetry Acquisition Systems

Four 8" L&S Band Two 6° Mobile Telemetry
Two 10°L.S&C Band Acquisition Vehicles (MTAV)

4 Portable Antennas for
Shipboard use.
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Distributed testing

In @ networked environment

Testing is performed at contractor and MRTFB sites based
on program requirements

DREN connectivity for contractor and government sites to
share data in both real-time and post flight.

Auxiliary
Control Room

Primary Test Team
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Mission area focused RDT&E

Mission Areas

— Anti-Submarine Warfare (ASW)
— Anti-Surface Warfare (ASuW)

— Electromagnetic Warfare (EMW)
— Air Warfare (AW)

— Command, Control, Communications,
Computers, Intelligence, Surveillance

dR i C4ISR . .
andResennoisSEs ) Enabling Transformational Change

through Innovation

— Advanced Control and Displays for Future
Carrier Aircraft Approach and Recovery —
(Magic Carpet +++)

Airwing Manned/Unmanned Integration

Additive Manufacturing/Advance Repairs

Big Data Analytics/Digital Thread

— Precision Timing — Atom Interferometry

et o
+ Ship-Referenced Symbology
* Glideslope / Lineup Cues
« Tailored by Control Mode
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Integrated Capabilities to Support Program Requirements

Simulation Facility Instalied System

Common Simulation & Stimulation Environment

Hardware-in-the-loop

GPS .
Lin_ Link 44 Link 16

Link 16
Lirfk 16,

To support Research and
Development, Acquisition, Test
and Evaluation and Training for
NCW capabilities such as:

v

GUARDRAIL a EP-3E
- il N
BRBHEE" . AF Rivet Joint -t

nv—-—-<‘ o e
=]

Joint Service and Fleet

Link 11/16/4A

- C4ISR _ _
- Combat Identification Battle Experiments
- Third Party Targeting

- SoS Integration
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SPECTRUM



Spectrum congestion driven by DEMAND
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How telemetry Is used

\/Separation video

Integrated weapons

system
Integrated
"',,". . N
Y \ Sviong Cockpit video
~_ I
Integrated self-
defense system

//_.-"“" My X “->

/ Integrated
communications

Multi-spectral
sensors Fly-by-wire

Flight test
transducers

Source: Telemetry Band Augmentation: A Critical Need for Flight Test, presented to SETE 2005 (T. Chalfant)
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What drives demand for spectrum in test?

 Larger Footprints

Increased System Complexity —4-0on-4 test flights (more systems per test)
—Much faster weapons systems

—Geographic separation not as effective as it

Cockpit used to be
video \ Integrated
(1-5 Mbps) communications N
. .~ (0.5-2 Mbps)  Demand for Shorter Acquisition Cycles
Separation
video —More concurrent testing
(1-8 Mbps) \ / \ Flight test —More real-time analysis
“l transducers
Integrated > (0.5-10 Mbps)
avionics P « Increased System-of-Systems Test
L e Complexity
Multi-spectral —“Five Futures”
e sensors :
Integrated == (112 Mbps) (EW, UAV, NCO/W, DE, Hypersonics)
weapon system - —Integrated fleet
(1-20 Mbps ea.) Integrated self- —Future Combat Systems
defense system —“Swarming” UAVs
(0.5-2 Mbps)
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HOW IS IT CHANGING?



© Kent Kanouse (source: https://www.flickr.com/photos/kkanouse)
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© Mike Carey (source: https://www.flickr.com/photos/mikecny)




The RF spectrum - in general

The Government is allocated exclusive use of a very small portion of the spectrum. The
remainder is controlled either by the Federal Communications Commission FCC (representing
private sector use) or mutually between the FCC and National Telecommunication and
Information Agency (NTIA) (Federal government)

Of the O - 30 GHz allocated....... “beachfront property” Host
Nation
 Government/Federal has - —_
exclusive use of 7% DOD

* Non-Government/Federal has 30%
* And the remainder, 63% is shared

Of the O - 300 GHz allocated...

Civilian

* Government/Federal has (529
exclusive use of 1.4%
Navy NelA/
* Non-Government/Federal has Comms  Electronic
. o Warfare
exclusive use of 5.5%

* And the remainder, 93.1% is shared

Lots of spectrum above 30 GHz that requires innovation
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SO WHAT IS THE PROBLEM
AND WHAT DO WE DO?



* Directed Energy (EMP, HPM, laser) < Digital RF Memory <+ Weaponized COTS

* GPS jammers * MMW * Proliferation
| * Advanced C2 nets 9

Hvestmen,,
Billiong o \nuestment:
nfOI‘MQ"oQ Saly Billions on
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use U
0! niawartare
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* Broadband technologies <« Speed/Throughput/ * Economic Growth
 |EEE Standards Streaming Content « Jobs Creation

The foundation upon which DoD builds weapons systems is changing;

DoD efforts to recognize and to build to a new foundation are critical to national security
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Dynamic, Flexible, Cognitive, Mutable Ops

Dynamic, Flexible, Cognitive systems that select operating frequencies allowed by policy & locally free from use
When the environment changes, system adapts frequencies to avoid interference across with all users
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AIRCRAFT INSTRUMENTATION



Typical TM System

Avionics Signals:

(1553, Arinc 429, Ethernet,

1394, Fiber Channel etc.)

Alircraft

Modulated RF

RF Link

Analog Signals: Data thce'(jd
(Temps, Pressures, ——|  acouicition |» ENCryptor || Pre-Modulation »  Transmitter
Strains, Vibrations, Positions etc. Unit Filter
Video: = o= T
Cockpit Displays, Fuel Probe, PCM Encrypted PCM
Landing Gear, Weapon Release etc.)
Ground Station
Ethernet e-crypted Encrypted
PCM PCM
Avionics Signals - Bit Sync/Decom . Modulated RF
Analog Signals Displays |« & Data Processing le—_| D€-Cryptor | | Receiver <
Video
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Telemetry (TM) is the remote monitoring of sensors. The data
received provides a near real-time picture of what is occurring
on the aircraft.

Aircraft left planning link spring displacement Ground station display of
sensor on the main landing gear. displacement as -1.208 in.
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TM receive/record & re-radiation pod

Pod Capable of Receiving/Recording & Re-Transmitting (4) PCM Streams

Capable of L,S,& C Band Operations

Re-Purpose production cockpit controls (No Aircraft Modifications)
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Transmitter Impact (Current/Future)
Current State

L Band S Band C Band L/S Band S/C Band

Future State

L/S/C Band
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Antenna Impact (Current/Future)
Current State

Future State

Multiband
(L/S/C)
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RANGE SYSTEMS
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Future UAS Testing — Multiple Sites Monitoring in Real-time

Software Integration Lab Software Integration Lab
at Government Site at Contractor Site

Auxiliary Test Team
at Contractor Site

Primary Test
Team at MRTFB
Site Hardware-in-the-Loop
Government Site

Hardware-in-the-Loop

Contractor Site UAS.Control
Station(s)
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AREAS NEEDING INNOVATION



Aviation TM at
higher frequencies

Sharing spectrum
technologies

Onboard sensor,
data processing,
LVC technologies
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AND FINALLY,
WHY WE DO WHAT WE DO,
AND

WHY IT IS THE
GREATEST PLACE TO WORK






THANK YOU

QUESTIONS?



