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Dynetics

potromorsll Dynetics’ Legacy in Missile Test and Evaluation (T&E)

* Dynetics’ History Is Missile T&E; We
Entered the Telemetry Business ‘
Because of Our Missile Expertise

® Our Customer Base Drove Us to
Develop Missile Instrumentation
That Covers a Wide Range of
Applications With Minimal NRE

* This Means Dynetics’

Instrumentation Products Must Be:

® Physically Very Small...Fit Into Any
Size Missile

®= Modular...Seamlessly Configurable

= Flexible...Large Field Programmable
Gate Array (FPGA)-Based Design

= State-of-the-Art (SOTA)...Employ the
Latest T&E Technologies

= Secure...Ensure Customer Data Are
Not Compromised

Missi®
/ paaly® ‘
Live Fire M:::::;,,m
colle® '“strﬂ
pat?
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Dynetics : :
yThePawarafSah.lti(ms@ Dyn etl CS’ Leg aCy In UAV T&E
/' OATIS Control Panel [9{i=13]
* Dynetics’ Background Was Flight Test, Performance
Analysis, and Simulation for UAVs feR s 20
GPS time (GMT) 20:33: 48

* Quality Flight Test Data Are Critical to Support
Analysis and Simulation

Flight time Sy Py p

Remaining log time
INS  ALIGN ALIGN

heading is 15

* We Expanded Into Instrumentation for UAVs
Because of Our Flight Test and Analysis Work

* Tailored Instrumentation Solution Based on the
Need for Data Products With Limited Space,
Weight, and Power (SWaP)

* Test Equipment Has an Impact on the Effectiveness
of Time on the Flight Line

* Dynetics’ Instrumentation Products Have the Right

Features: Reliability and Flexibility

® Physically Small

= Modular...Seamlessly Configurable, Distributed Architecture

® Flexible...Powerful Onboard Software That Can Be Quickly
Customized for New Capabilities

= Commercial-Off-the-Shelf (COTS)...Modern Embedded
Components Reduce NRE

= Real-Time...Situational Awareness for Flight Test
Coordination and Safety...Data Monitoring in the Hands of
the Test Conductor

= Remote Operation Via Bidirectional Data Link
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Dynetics

The Power of Solutions" Dy n etl CS ’ Tel em et ry SO | U tl O n S

Missiles/Small Targets Unmanned Aerial Vehicles (UAVS)

a ig
> Accepts Up to 7 Input Modules
- > 224 Analog Inputs + 112 Discretes
=

* Physical Dimensions (As Shown)
> Length: 14.1 cm (5.6 in)
> Diameter: 6.35 cm (2.5 m} :
> Weight: 610 grams (1.36 Ibs)
> Other Packaging and Mounting
Options Available

« Transmitter
> Tunable 2200.5 to 2299.5 MHz
> Serial Port Programmable
> 500 mW Minimum Output
> Other Transmitter Options Avanahu:y

Dynetics

+ Encoder
> 16 Bit Bus

> Prog;‘u‘;nmnﬂa Frame Structure
> Bit 10 Mbps+
> NRZL/RNRZL

+ Premodulation Filter
> 6-Pole Bessel

> mm“hh m“H MIL STD ?1 D_F E_nvfronrne d |
> 55 Minute Operating Time Qualification in Progress

> Other Power Options Available PR -
Modular Instrumentation System Open Architecture for Telemetry and
(MIS) Instrumentation System (OATIS)
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Dynetics

The Power of Solustions® Modular Instrumentation Evolution

2003
Development
of Miniaturized _
System -

£

']
}\ <

DatalLogger Epcryption
MANPADS Developed Module

Testing Developed Ground Support
Occurs l Station

The Evolution of Dynetics’ MIS Program

Medium- and Long-
Range Missile
Telemetry Systems

Flight of High-
Dynamic Global
Positioning System (GPS)
and Enhanced Inertial
Measurement Unit (IMU)

Backup
Telemetry
Collection Role

- - o .
- . a

" Control Test DHS Orders

(CTV) Systems Telemetry/GPS
Developed
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The Power of Solutions” M O d u I ar Tel e m et ry Syste m

1990 Technology

« Compact Design
e Similar Performance/Characteristics
 Integrated IMU

*Warhead Tests Now Feasible

V080136
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Dynetics
yThe Power of Solutions® M I S

MIS I619—

Dynetics

—

Radar Instrumentation Integrated GPS Module
With Fiber Optic Input/Output

+ Modular Design
> Accepts Up to 7 Input Modules
> 224 Analog Inputs + 112 Discretes
kel -

Physical Dimensions (As Shown)

Battery > Length: 14.1 cm (5.6 in) -

USB 2 0 > Diameter: 6.35 cm (2.5 Inz :

' > Oiher Pathagiog and Mounting B
Port Options Avallable casass
Missile Telemetry Status Transmitter

With Control Indicator e s

and 2 300 mw Minimum Output
Integrated Antennas Data Input Record R o)

MIS 1216 Data Logger Button

Encoder

> 16 Bit Bus

> Progr: ble Frame St
> Bit 10 Mbps+

> NRZL/IRNRZL

Premodulation Filter
> 6-Pole Bessel

Ring Laser Gyroscope Module

nal Conditioning (1 Input Module)
-32 Igﬂl'eremm In

>

puts
2E ol Butterworth Filtering
> Discrete
-16 TTL Inputs
- Logic Block Processing
' Power Source i - e
l“; cm 5: 3 Rochargeato W Rt rogreseml
' > Other Power Options Available -
Rocketball
MIS Electronics Data Logger Modular Telemetry System

V080136 UNCLASSIFIED
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Dynetics

The Power of Solutions” M I S (CO n t I nu ed )

Rechargeable
Battery Pack

Control T

Chgpging Conditioning
Module 7 Module 2 Module 1
Inertial Signal
Measurement TSPI Module Conditioning ksl PFFgggsc.’si;r
Unit 25 50-g Module ﬂ
3 Axis 10-G Nav / Hybrid 32 Analog Strodllaeés:tBus Programmable:
I 1 )
A;c:)lfro{)rgeéer 1600 m/s leﬁﬁrttlal _ « Frame Structure
is 50-
Acelerometer é‘g??lirgcy I3 W Paddress Bus * Jrh ' ormat
3 Axis 300°/s Nav/ Lo Anti-Alias 3 Bit RzL,
Rate Sensor 2 Filters « Bit Rate
3 Axis 64-m/s Update (FPIEEECEMP Data Bus Y . pata p i
Magnetometer 15'HZ RO Rate Wl‘th Latches 16 Bit sl bl
Interface Interface
2 1
Encryption Module
( 6-Pole Bessel Tunable S-Band Conformal Antenna

i 200 00 MH i
il e Tr?ansng?ttze?' SOgImfN {System Specific)

Filter

Data Logger Flash Memory
2-GB Modules
USB Retrievable Expandable to 14 GB

; —{-{— Fiber Optic Data Acquisition

Serial Driver
Stream
Serial Driver PC
RS 232/422/485
Commercial Wireless Antenna )
Modem Link (System Specific)
Q050081_DD
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Dynetics

The Power of Solutions" M IS (CO n C I u d ed)

Enhanced IMU Basic and Multipurpose Serial High-Dynamic Encryption
Module Enhanced Input/Output GPS Module Module
Encoder Module Module

V080136 UNCLASSIFIED 9
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Dynetics

The Power f Solutions* High-Dynamic GPS Receiver Module

High-Performance, State-of-the-Art, Ultra-Compact GPS Unit Providing
High-Dynamic Tracking Capability

BLOCK DIAGRAM

RF Input

== Qin'eri(:?o ¢

1

Q20 HD
To MIS Bus FPGA GPS
Receiver

* Onboard Real-Time GPS Positioning

* Acquisition and Tracking Under Very High Accelerations With Fast Time to First Fix

* High-Accuracy Differential Positioning Capable in Real Time or for Post-Mission Analysis
*High Update Rate: 64 ms

V080136 UNCLASSIFIED 10
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neti . . :
mepﬁriﬁfsﬁm% GPS Operational Configurations

*GPS Sensor Mode
= 8-Hz PVTM Updates (Single-Ended Navigation Solution)
= 15.625-Hz 8003 Updates (Onboard)
= 50g+ Acceleration
= 5000-ft/s Velocity
= 30-ft 3-ft/s Resolution
= 5-Satellite Fix in 7 s

*GPS Navigation Mode
= 8-Hz PVTM Updates
= 15.625-Hz MACM Updates (Onboard)
= 25g+ Acceleration
= 5000-ft/s Velocity
= 40-s Cold Time to First Fix

*Demonstrated GPS Position Accuracy
= Real-Time Position Solution: 10 to 30 m
= Differential Processing: 5 m
= Carrier Phase Processing: <40 cm

UNCLASSIFIED
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el o Target System Instrumented With MIS Data Logger
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Dynetics

The Power f Solutions* Target System Testing on Gulf Coast
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Dynetics

The Power of Solutions” Target System Testing on Gulf Coast (Concluded)
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The Power of Solutions® G PS PO Sl tl on ReS u |tS

Towed Test May 2008 Comparison Results
3D Position

1500 -

1000 o--mmmem”

00 L ---mT

Height Above the Ellipsoid (HAE) (m)

Latitude (Decimal Degrees) 296 s H75

Longitude (Decimal Degrees)
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s\ 13 {[-T- 0 GPS Position Results Versus Radio Frequency
(RF) Altimeter (Navigation Mode)

The Power of Solutions®

Towed Test May 2008 Comparison Results
HAE
Relative to Reference Antenna
GPS Base Time: 314125.5441 s

1500 E— S—— R S :
. . — MOSES Results |
A IRECLREEEES Grafflav Results |
' | m—— RF ALT Results |
1000 AU S “/
£ s
l-IJ 1 1 1 E 1 1 1
< 1
I 1
£00 f-nmemeee :
3 |
I 1000 2000 000 A000 S000 ROOO 000

Time (s)
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Dynetics GPS Position Results Versus Radio Frequency
(RF) Altimeter (Navigation Mode) (Concluded)

The Power of Solutions®

Towed Test May 2008 Comparison Results
HAE
Relative to Reference Antenna
GPS Base Time: 314125.5441 s

! ! ! ! ! : | —— MOSES Results
204 Foemtenee- e REEET R EEEE TP EEEEEEt ITIICLEED Grafilav Results
e RF ALT Results

202

200

HAE (m)

158

1596

194

3240 3250 3260 3270 5280 3290 3300 3310 3520 33300 5340

Time (s)

V080136 UNCLASSIFIED 17



> mdz = 15006 kmdh

Velocity Satellite Satellite
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GPS Position Results Versus Laser Tracker

Results (Sensor Mode)
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Eglin May 2007 Comparison Results
3D Position
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s\ il GPS Position Results Versus Laser Tracker
Results (Sensor Mode) (Continued)

The Power of Solutions®

Eglin May 2007 Comparison Results
Down Range/Cross Range
Relative to Launcher Location

seeeseeees (Grafflay Results
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s\ 1 d[1- GPS Position Results Versus Laser Tracker
Results (Sensor Mode) (Continued)

The Power of Solutions®

®* For This View:
® Cross-Range Difference > 0.4 m During the Maneuver
" Down-Range Difference = ~1.4 m (Not Easily Seen in This Graph)

4100 rr...ﬂ ------ ------ rr ------ = [srafhlav Hesults -
4000 s .-““. Lase::Tran:kler Heslults )

_________________________

11111

E 3300 - - i ------
o 3300 ] ' ! ! s 1 S SRS SR S A
o)) ! ' ' ' i \ B ' ' '
R e 2
S 3R00 : j j j j j e

< i i i i ' ' ' e a7

0 3500

3400
3300
3200

g740 GO 852 obd4 ook Booo By BYl B394 B89k G838

Cross Range (m)

®* For the Entire Data Set:
" Cross-Range Difference: Mean = -0.16 m
®" Down-Range Difference: Mean =-0.92 m
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The Power of Solutions®
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GPS Position Results Versus Laser Tracker
Results (Sensor Mode) (Continued)

Eglin May 2007 Comparison Results
Height Versus Down Range
Relative to Launcher Location

e Grafilay Results

_ ----------- ----------- ----------- ----- Laser Tracker Hesulis -
IR P S Sl B \ S S
R . . N
s s s o
R A e e T
. ! | | ! i
. O O e . Y .
e | | | | |
0 2000 4000 LOOO 8000 10000

Down Range (m)
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GPS Position Results Versus Laser Tracker

Results (Sensor Mode) (Concluded)
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e For the Entire Data Set:

" Down-Range Difference: Mean =-0.92 m

" Height Difference: Mean

1.0947 m
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Dynetics

el Benefits for Using GPS Over Laser Tracker

® Operates in Adverse Weather Conditions (e.g., Fog and Rain)

®* Only Dependent on the Satellite Coverage, Which Is Fairly Reliable
" Requires at Least Six Satellites for Carrier-Phase Processing
= Satellite Coverage Is Predicable; Therefore, Test Scheduling Can Be Determined in
Advance

® Technology Is Capable of Regaining Track After Loss
® Has Been Demonstrated in Results

®* Tracking Range Only Limited by RF Link Capabilities of the Telemetry Stream

® Relatively Inexpensive Ground Station Equipment
" Makes Having Redundant Equipment Possible, Which Allows for More Reliable Data
Collection or Support for Multiple Test Locations if Required

®* Minimal Additional Personnel to Support Collection

" Telemetry Team and Equipment Already There to Support Test
" One Person Can Perform GPS Responsibilities for Mission and Post-Mission Tasks

V080136 UNCLASSIFIED
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The Power of Solutions”

UNCLASSIFIED

IMU Module

* Linear Acceleration
= 3-AXis
= Lateral Accelerations (Dual Range)
O +35and 50 g

= Axial Accelerations (Dual Range)
O £10, 25, £50, and £100 g

* Roll Rate to 20,000 deg/s

* Angular Rate Sensor
= 3-AXxis
= +300-deg/s Range

* Magneto-Resistive Sensor
= 3-Axis
= +6 Gauss

* Signal Processing
= CPLD — Address Decoding
= A/D Converter — 12 Bit

UNCLASSIFIED
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Dynetics

The Power of Solutions"

V080136
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Encryption Capability

MIS Signal Conditioning

(Red) Encryption Card
Continuous Ground Plane

Black Compartment

Key Load Connector Port

UNCLASSIFIED

Transmitter
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The Power of Solutions”

V080136
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MIS With Encryption

UNCLASSIFIED
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The Power of Solutions”

V080136
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Telemetry Fabrication, Calibration, and Test

UNCLASSIFIED
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Dynetics Telemetry and Instrumentation Ground
1e Power of Solutions . .
: Receiver Station (TIGRS) Van

" R
"

= ‘ . .
B Dynetics
.’ I'. The Power of Solutions®

i
i

1 !

B

rl]

L_
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Dynetics

The Power of Solutions”

UNCLASSIFIED

Post-Test Data Viewer

Real-Time and Post-Mission Performance Monitoring Is Critical

* Matlab-Based Rapid
Data Display

* Multiple Channels
* Optional TENA

Compliant Real-Time
Networked Data Display

V080136

) TMQuicklookTool
File Tools Help

for System Evaluation
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Dynetics

The Power of Solutions” UAV I n S t r u m e n tatl O n : OAT' S
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Dynetics

The Power of Solutions® OA T I S

® OATIS Is a Modular System Designed to Make, Log, and Transmit Inertial
and Various Other Measurements to a Ground Station

Terminator

® Airborne Payload
= Airborne Control Unit (ACU)
" RF Modem and Blade Antenna
= C-MIGITS lll GPS/Inertial Navigation System
(INS) and Antenna (Optional)
= Smart Sensor Nodes

® Ground Station o~ O
= Ground Station Server ACU /@—\

Sensor

0
@ Smart Sensor Node

— - —- Sensor Cable
—— SSN Cable

= Control Panel
= Moving Map Display
= Strip Charts

OATIS, AV Integration
Overview
5jan2005 mpw

V080136 UNCLASSIFIED 32



Dynetics

The Power of Solutions”

C-MIGITS 1l GPS/INS

Microhard Modem

V080136

UNCLASSIFIED

OATIS: Airborne Components
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Smart Sensor Nodes
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Dynetics

The Power of Solutions* Smart Sensor Node Family of Products

Nodes

Standard Node (-10) Air Pressure Node (-50) Thermocouple Node (-60)

Sensors

Measurement Type Examples Sensor Type Typical Rate (Hz)

Air Pressure Air Speed, Altitude agzzlljl;?e-re:r?gSgilfjf(;?;tial) 20
Temperature Ambient Temperature, OAT Thermister 5
Temperature Engine Exhaust, Engine Block Thermocouple 5
Flow Rate Fuel Flow Flow Meter 20
Position Throttlg Position, Control Surface String-Potentiometer 100
Deflection
Acceleration Vibration Accelerometer 1000
Pulse Frequency RPM Pickup From Spark Plug (Built-in) 10

V080136 UNCLASSIFIED 34
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Dynetics

The Power of Solitions® OATIS: Ground Station Software

' C:Iprojectsfoatisiworking/gscp/SysConfig.xml

FEX
File  View

Control Panel

| I} | name | rate[initial]l Iuggingl late[requested]l rate[actual]l

/ QATIS Control Panel e

EOX

Session  Datalink,  Sensor  Tools "Versinnl_ll
INS:DAS msgs dropped: 2:0 ' Ly
EHDAS
GPS time (GMT): 20:33: 48 Olssn 21 (1.0 Hz) vz.s syno
. . ; . - Tacu il il
Flight time: g==3 " - O - E|
Remaining log time: |net logging .. __ O __ E|
ACL ’m _ E—]--|ssm 14 (1000.0 Hz) vZ.& SSN|
i channe1 E| O _ E‘
INS  ALIGN ALIGN 2| channe1] o -]
heading is 15 [3"- l -
0 ]
0 ]
unknown [] - []-- O E‘
B 0 ]
0 ]
0 ]
0 ]
IZZI--|SSN 23 (1000.0 Hz] vw2.8 ssm|
B CHIG

Configuration
Editor

V080136 UNCLASSIFIED



Dynetics

The Power of Solutions"

Real-Time Strip Charts

UNCLASSIFIED

. IDATIS Telemetry: ATTITUDE: PITCH, ROLL,, TRUE HEADING (d,d,d)

Options  Favorites  Help

OATIS: Situational Awareness

Real-Time Moving Map Display (FalconView)

~=1a] x|

Flle Edit View Insert Tools Desktop ‘Window Help
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S Complete OATIS System Installed
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Dynetics OATIS Installed
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MIS System

Comparison of MIS and OATIS Systems

OATIS System

Size 2.5” Diameter x 3" Length |8” Length x 7" Diameter
Weight < 1lb 51bs
Downlink Data Rates 10 Mbits/s 115 kbits/s

Downlink Protocol

IRIG 106, 1-Way

Commercial, 2-Way

Range 2 to 50 km 100 km, Omnidirectional
Encryption Type Tactical Commercial

Onboard Memory 8 GB/Board 410 32 GB

Operational Environments |High G Flight Tests

Typical Applications

Missiles, Targets, and Sled
Testing

UAVs and Manned Aircraft

V080136
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Dynetics

The Power of Solutions* Future System Enhancements

* MIS System
" MIL-STD-1553 Interface Card Development
" Enhanced Encoder Card Development
® Graphical User Interface (GUI) Development
" Qualification Testing of Encryption Module
" Expanded Analog Conditioning Module

® OATIS System
" Enhanced Signal Conditioning Capability
" Onboard FFT Capability
" Reduced System Size and Weight

V080136 UNCLASSIFIED
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Dynetics

V080136

The Power of Solutions” S ummar y

® Dynetics Has a Long History of Supporting Flight Tests for Weapons,
Targets, and UAVs

" Over 50 Missile Shots on 10 Different Platforms With Latest MIS System
" Qver 70 MIS Systems Planned for Delivery During the Next Year
" Over 450 hrs of Flight Testing on 4 Different Platforms With OATIS

® From This Experience, We Have Developed Two Distinct Telemetry
Systems

" OATIS for Applications Where Space and Weight Can Be Traded Off for
Flexibility

" MIS for Applications Where Space, Range Standards, and Data Rates Are
the Driving Factors

®* New Applications May Be Addressed by Either OATIS, MIS, or a
Hybrid Mix

® Dynetics Has Significantly Invested in Redundant Ground Collection
Equipment and Offers These Services for Flight Tests
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Dynetics

The Power of Solutions” P (0] I n tS Of CO n taCt fo I M I S

Bob Dison

Dynetics, Inc.
256-994-1111
bob.dison@dyneti

e Moody

etics, Inc.

994-1111
e.moody@dynetics.com
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Matt Thomas
Government Lead
AMSRD-AMR-SS-A
256-876-5202
matt.thomasl@us.

V080136
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Points of Contact for OATIS
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