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GRA Origins
”DEU@ HBHT Alternatlves Study 2006

US ARMY—-RDECOM

JTRS High-Band High-Throughput (HBHT) AoA

JTRS AoA Study
MILSATCOM Above 2GHz Tiger Team January 2006

Institute for Defense Analyses
The Johns Hopkins University/Applied Physics Laboratory

Determine how the HBHT capability can be provided to the warfighter in a
timely, operationally effective, and cost efficient manner in accordance
with the ASD(NII) policy

HBHT Alternatives:

o a &~ w NP

al

— Alternative 1: Status quo baseline (used for comparison only)
— Alternative 2: Implement HBHT in current JTRS Clusters 8.
— Alternative 3: Create new HBHT terminal/radio family 9.

- Alternative 4: Create new MILSATCOM and new LOS HBHT
terminal/radio families

—  Alternative 5: Develop reusable HBHT core hardware modules
(components, not complete terminals)

AOA Study Team recommended an
alternative in which core modules are
developed and employed in HBHT
terminals/radios (AoA Alternative 5)




BDECOM

GRA Technical Overview
GRA Definition and Objectives

* GRA Definition: The GRA is a Standard Above 2 GHz

Military Communication Modular Open Systems Architecture
based on MDA (Model Driven Architecture) constructs

* GRA Objectives:

Establish a Functional Decomposition Standard pattern
for terminals defining Common Integration Layer (CIL)

Develop a common system level architecture that
decouples H/W and S/W module dependencies to enable
reuse

Decouple H/W & S/W dependencies in order to break
the monolithic paradigm in current A2G terminal programs

Maximize opportunities for competition and cost
reductions across all life cycle phases

Collaborative development between Gov'’t & Industry

Protect industry’s rights to their intellectual property

Enable integration of new capabilities through tech
refresh or new program increment without significant
terminal redesign

Objective is to supporting Plug and Play system
integration of COTS and third party module development
efforts

« "Distribution A — Unlimited Public Release"

US ARMY—-RDECOM

GRA 3.0
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Bm_-c@ GRA Technical Overview

A2G Joint Service Application —EEB«QEE

Use of Open GRA standards in
multiple programs (within a
service or across services)
Allow companies to offer
modules outside their traditional
markets & customer base
Companies that are typically
Army suppliers can effectively
compete on Navy Programs)

Larger volumes (across multipler
programs) translate to lower 7 | ,

T——"_ \AF BACN concept;
CABLE
O R W e s *Objective Gateway

production costs - :
[ S A R S J "FAB-T
B e

GRA Airborne Networking Terminal

NAVY [L y A
*Navy Automate @——4
Digital Network

System (ADNS)

*MILES

GRA Brings MOSA to Joint A2G Development

« "Distribution A — Unlimited Public Release"
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GRA Technical Overview
BDEBDM

GRA Intellectual Property Architecture X

US ARMY—-RDECOM

Security

‘ N Module

etwork

Software
Waveforms

Baseband
Interface Terminal Control
Module / Module
‘ - @

Time
Frequency

i» RF Switch
module

Common Terminal

Module

Backplane

HBHT GRA

OE Layer

Amplifier
module

Platform
ynamlcs

CORBA Control Layer

Antenna
module

Add-on Antenna
Configuration Plug-
Ins

Vendor Unique Layer

- GRA Concept : GRA Intellectual Property Layers

- Vendor Unique Layer: Contains Vendor IP GRA layers provide utilities and infrastructure
- Government Owned Layers: Control Plane SCA 2.2.2, Data Plane & OE Interface

:D.
"Distribution A — Unlimited Public Release"



ang@ GRA Technical Overview

GRA Architecture —EEB«QEE

| |

< \ _COTSIE. —P] ! Antenna Group (AG) !

! 1) Ka and Q-Band Circular |

COTS PR | I i Polarization |

Modems | ';\:?23 ;C;s ! swite ¢ i 2) Ku- olarizatiori

INFOSEC PR Programmable SRR h : !

MODULE Modem e _ - :

L —— | Band IF —» Matrix IF/LO/ !

x - - REF / ,

: ' ' Control Signals [ Control |

____________ L . 2. 2SR, J ! !

| . i | Transmit/ Receive !

: Common Integration Layer (CIL) (Control Plane) ] g Chains :

i Terminal Backplane (Scalable for Variants) ! :

i _ | ¢ Contral ) |

' Common to all Variants ¥ : !

b T i AG Control Unit '

A A A A A 1 !

; ' ! ! ! y ! Pedestal !

v v v " v _ Control Signals 1 i

Terminal Controller i T i

System Information, BIT . ; R !
Management, Resource Terrestria Power and Tlmfe / Freq Platform f
Management, Command and | Interface Environmenta Reference Dynamics |« --Azimuth- - ______ !

Control, Antenna Management, Module | *GPS / _ _
Security Management Elevation Notional antenna pictured

11

»
_____________ »

Ethernet / Local Terminal User

Control
oo v Remote connecti In.te.rface and remote user
Remote <+nterface Network Interface / Remote Terminal User —

B?EEb?nd — Circuit - >

ACaptot Interface
* GRA Dual Gigabit Ethernet Back Plane
» Separate “Control” and “Data” Planes
» Functional Decomposition

WARFIGHTER FO(7USED.
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GRA Technical Overview

GRA Module Definitions: PIM UML Module

PIM Structure Diagram

for each Device, Service,
Application, Adapter
Module

PIM defines Provides and
Requires (1/0)

for each module type

Defines Protocol for each
port

PIM written in UML

PIM derived from CIM

pDevice

ablodi B
ProgrammableModemModule

0

|_Device

L]

pControl

0
|_PD_Control

LT

pStatus

01
| PD_Status

LT

pDataRecorderConfigure

01
|_DataRecoderCaonfigure

LT

OnePPS:char*

Power-char®

pPublish

=

| Publish

Keystream_CipherText:
2

LO:

; H, il —7] ]
AG _BoreSightDynamics:  AG_BlockageStatus: AG_TrackmgSlgrlﬁll: AG_ScanControl:

WARFIGHTER FOCUSED.



roey GLEREGLERA diliatives ACERSES

yARRIS

[ INCOLN LABORKTORY Collins

*BE DEG na heon il MASSACHUSETTS INSTITUTE OF TECHNOLOGY

R Il

SAIC I VirginiaTech
P/ ol | | SSB

invent the Future

From Science fo Solutions

GENERAL DYNAMICS

NORTIHROP GRUMMAN C4 Systems
LOCKHEED MABT!N% l;movative
- p— ntegration
A , % subsidiary of IS
A PRISMTECH 3

DataSoft ‘é/ ITT ‘A‘
Flius o7 ] Green Hills

*The GRA Consortiuml o

——— WARFIGHTER FOCUSED.
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Company
Name

Space Coast

PrismTech

DataSoft

Radio Technologies

ITT

OIS
CTC - Canada

Indiana Purdue
Fort Wayne Univ

L3 Corp

GRA CRADA

US ARMY—-RDECOM

Task CERDEC Company Completion
Description Signhed Signed Date
Develop Multi-Band Transceiver Sept 16 2011 Sept 16 2011 May 9, 2011
Test Bed
Demonstrating a GRA-compliant Sept 16 2011 Sept 16 2011 May 9, 2011

platform/waveform model and
implementation within Spectra CX

SDR Forum

Software Defined Radio

IR&D SDR

SDR Forum

SDR Forum

SDR Forum

GRA Developer

Sept 16 2011 Sept 16 2011 May 9, 2011
Sept 16 2011 Sept 16 2011 May 9, 2011
Sept 16 2011 Sept 16 2011 May 9, 2011

GRA CRADA is unique Legal Framework that
provides legally binding definition of Intellectual
Property Ownership.
US Gov. OWNS Full Data Rights (not merely
Government Purpose Rights) to all GRA
software and documentation. Industry owns all
Intellectual property developed in GRA
Compliant modules.

WARFIGHTER FOCUSED.



BDECOM

¢t 301.617-3325

| Office
Cell: $08.667-7170

Fax: 301-617-3090

dswain@mitre.org

Working in the
Public Interest

Agilent Technologies

Maryann Apostle
Aecoa Manager
Test & Massaremment Organzais

Agilen Technclogies, rc 3448 7240 tokchonn
825 Satad B ; 58 bl
Siiza 300 00 829 4444 cal contes
Columbia, MD 21045 maryann nmmm;lnm com
wawaglont com

€N FEI-Zyferinc

GPS Time and Frequency Systems

Phillip Walker
Sales Manager Eastern U.S., Africa,
EME, Central and South America

Direct: 540.349.8330

Cell: 540.270.9579

Fax. 540.349.5349

Email: pww@fei-zyfer.com

7321 Lincoln Way
Garden Grove, CA 92841
wwwfei-zyfer.com

Trilogic
Systems

David W. Paul
Business Development

Your COTS Solution Provider

PO Box 43 (p) 978-771-6345
(f) 888-416-0845

North Reading. MA 01864

GRA CRADA New Companies

Research

Craig Pet
Business Development

Matt Eftus
mat@ettus.com
2870

Ettus Research, LLG
1043 N. Shoreline Blvd
Suite 100

ow, CA 94043

Mountain

Innovative DsP
y/ tegration Data Acquisition

Embedded Control

trie
tManager EMEA

petrisEOngie. f5pcom

oase -~ OneNaple Pk =
S0clfee «

Chief Engineer - Development

(4

Dean Becker

41 4or 022
CELL.

M e >ﬁ“(
/"71=wlu\¢/r%é {
Mabile

ambernaut

(07545 78282

7\—

Fort Lauderdale, FL 33312

3131 SW 42% Streot

e
K Com

EANAL

dean.bocker@sunairslectronics.com
sun.

eleetronics.com

!

Jrian®. Cgrand PP
ogra

Systems

400 Collins Road NE, MS 137-126
Cedar Rapids, IA 52498 USA

Co//
Tel 319.295.1266

breigran@rockwellcoliins.com

R 4

Stewart Reid
Government Programs Manager

- | Green Hills Software

T:805.965.6044 x. 120
E: stewart.reid@ghs.com

Youg Klebe

John Kozlowski
Senior Sales Manager

Acalab, Inc
100 Rives Ridge

David C. Johnson

Director, Program Management

am Manager

Honeywell

Honeywell Technology
Solutions Inc.

Defense & Space

7000 Columbia Gateway Drive
Columbia, MD 21046

Office: 410964-7137
Cell: 2022139450

Plavid C.Johnsons hancywell com

v TF%IL!THIC‘,

ACRO!

Doug King

(800) 3442412
(317) 423.6808
(012) 3440316
(317 95.3612

MILCOM 2011

communications

Dana P. Ardovmo PMP

M Programs

Communication Systems-West
+ RO. Box 16350 Sal Lake Cay, UT 8

Calvin S. Lee

RivA

RIVA Networks Inc.
555 Riva Avenue
East Brunswick

New Jersey 08816
(732) 940-6558

calvin@RIVA-Networks.com

B Gl
215 -956 <121
Dic. Bus. Dev. 760 Vetarans Gicio
Warminster, PA 189743591
Steven Gudknecht Office.

Product Marketing Manager
ting Products

Elma Eloctronic Inc,

W elma.cor
winw elmasystoms com

SHUBHAGAT GANGOPADHYAY, Ph.D.
Director, Busness Developmant

URTISS
WRIGHT__Controls

Embedded Computing

6449 Boach Road
Eden Prarie, MN 55044 Call: 952-200-1816

US ARMY—-RDECOM

JOSEPH MILO » Reg

€Elccm

Technologies

11 Volvo Drive, Rockieig, New Jersey 07647 USA
Tel: 201-767-8030 Ext. 271 Cell: 914-420-5189 Fax: 201-767-1326
imilo@elcom-tech.com + www.elcom-tech.com

Electronic Components
and Microwave Solutions

@ -g; @

® HYPRES

MICHAEL DEZEGO

Director, Business Development

The Digital Superconductor Company
(§14) 592-1190
Cell (321) 4275293
Fax (914) 592-8547
mdozogo@hypres.com

175 Ciearbrook Road
Eimsford, NY 10523
www.hypres.com

C. David Massey
Director, Business Development

office (303) 449-5211 axt. 160
fax  (303) 449-1321
cell (202 365-1402
cdmassey@firstrl.com

FIRST RF Corporation

4865 Sterling Drive
Boulder, Colorade 80301-2307
www.firstrf.com

WARFIGHTER FOCUSED.
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GRA SharePoint Site
Collaboration Libraries

RDECOM )

* All GRA Members can Contribute (Upload and Download)

to the following Collaboration libraries:

« 1) Shared Documents
GRA User Guide, GRA 3.0 Standard
« 2) MILCOM Archive

for past MILCOM papers
 3) Briefings

for background PowerPoint briefings of general interest.

« Kiosk Libraries are set up for Private
Document Libraries fo

— Each Team leader has Full Control over content, mem
and permission

CRADA partner

7\,

CERDEC S&TCD SEAMS Divisic
@48 GRA

Home  Systems Engineeril

' - i

View All Site Content
\Dﬂ-cu 1Er

s Shared Documents

» GRAReference Library

s MILCOM Archive

» Briefings

» Kiosk Library for

CERDEC

» Kiosk Library for SAIC

WARFIGHTER FOCUSED.



GRA SharePoint Site

”ch@ GRA Document Libraries

* Purpose: to encourage collaboration and reuse of GRA
framework, components, interfaces.

 Authentication thru AKO after signed GRA CRADA

| 1 GRAReferencelibary

* Document Libraries

Documents New ~ Upload v Actions~  Settings v
» Shared Documents

* GRA Reference Library

d Reference Implementation for Download

GRA 3.0 3/25/20116:07PM

1 v
-- GRA Reference Library - =
d  GRAModel Rhapsody RPY 3/25/20117:22PM
» Briefings
/ GRA Mode! Spectra EMX 4/8/2011 4:53PM
» Kiosk Library for 4 ° s
CERDEC 3  GRAReference Implementation ISO Image 4/8/20112:23PM
S h ar e d D O C u m e n t S » Kiosk Library for SAIC [  GRAReference Implementation Source 3/25/20118:40 PM
Lists J  GRAUser Guide 4/8/2011 4:53PM

s Calendar

— Restricted Kiosks —

» Team Discussion

— Rhapsody GRA UML Modets-

WARFIGHTER FOCUSED.
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GRA SharePoint Site
RDEC. @ GRA Cognitive Radio

Live DEMO *CERDEG

GRA Cognitive PIM ISO download is fully functioning GRA PIM
Implementation that can be downloaded from GRA Sharepoint
and lab tested by GRA CRADA Partners. Demonstrates the GRA
Modular Software Interfaces in a functioning Radio Demonstration

Remote Baseband Adapier Embecdded Haroware

Remote Baseband
Interface Embadded
Control Software

Remole Baseband
Pracessing Software |

!

v
WARFIGHTER FOCUSED.



GRA SharePoint Site
RDECOM GRA Rhapsody Model

US ARMY—-RDECOM

Example CIM module model contents

Elﬁ Maintain
EI{:I Eckages
(SR UCD_TerminalMaintenance . -
El |:| Components - GRA CIM Malntaln /Execute IBIT
: -8 ExxecutelBIT _Component -
- \ Events :
= l:l Packages
=B ExecutelBIT_wb
- E Classes
ExecutelBITBuilder_WE
Operator_executelBITUC

o TargetedDeviceSet_executelBITUC e e T
= TCS_BM_executelBITUC | I el
o TCS_C2_executelBITUC N i *
=h TCS_RM_executelBITUC ﬂ‘ 2 Terminal Network Example
o TCS_SI_executelBITUC -
Y E\rents =
= |:| Object Model Diagrams RIS ) ) N S, PR
i o] _J OMD_ExecutelBIT wh
- Contains: T
Use Case = |
System Architecture Design Package E—

Object model diagram
Activity Diagram
Statechart

Sequence Diagram

Ports and Flows

- SysML Language Model can be compiled Run, tested

- Provides a detailed, graphically documented and dynamic
Model of all SubSystem Functionalities

Critical for Software Reuse and Portability WARFIGHTER FOCUSED.
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GRA SharePoint Site

MILCOM PROVIDES
FORUM For
CERDEC - INDUSTRY
Collaboration
30 Papers Published
GRA dedicated MILCOM
Sessions
GRA Hardware Demo Booth
2010/ 2011

Published MILCOM 2007

ALL DIGITAL RF SATCOM TRANSCEIVER PROVIDES THE MODULAR
OPEN SYSTEMS ARCHITECTURE REQUIRED TO MEET HC3 GRA
Wes Littlefield, Dr. Oleg Mukhanov , Dick Hitt (Hypres), Thomas Rittenbach
CERDEC STCD

Published MILCOM 2007

High Capacity Communications Capability (HC3)
Government Reference Architecture (GRA):
Alternatives for Third Party A2G Waveform Porting
Thomas Rittenbach CERDEC, Kuan Collins SAIC/HC3

Published MILCOM 2008

AN EXCURSION TO DEFINE THE BOUNDARIES OF THE GOVERNMENT
REFERENCE ARCHITECTURE

Dr. Carl Dietrich Virginia Tech

Mindy Gavitt SED, U.S Army CERDEC

Hiroshi Satake Science Applications International Corporation

Sagor Hoque S&TCD, U.S Army CERDEC

Tom Rittenbach S&TCD, U.S Army CERDEC

Published MILCOM 2008

SOFTWARE DEVELOPMENT OF SATCOM TERMINALS

Piya Bhaskar, Jianxin Zhao, Lockheed Martin

Tom Rittenbach CIV USA AMC Fort Monmouth, NJ

Published MILCOM 2008

High Bandwidth High Throughput (HBHT) Government Reference Architecture
(GRA) Open Source Management and Compliance

Thomas Rittenbach CERDEC

Published MILCOM GRA Papers
— MiLCOM 07,08,09.,10,11

Published MILCOM 2008

APPLICATION OF THE GRA TO DATA LINKS

Tom Rittenbach CERDEC
Dan Hampel Booz Allen Hamilton
Published MILCOM 2009

US ARMY—-RDECOM

DODAF ANALYSIS OF THE HIGH BANDWIDTH HIGH THROUGHPUT
GOVERNMENT REFERENCE ARCHITECTURE MODEL DRIVEN

DEVELOPMENT

Rick Paroline BAH

Tom Rittenbach CERDEC
Mike Monteleone CERDEC

Published MILCOM 2009
HBHT GRA Validation
Tom Rittenbach CERDEC
Kuan H. Collins SAIC
Frank Waldman

Published MILCOM 2009
OSSIE-based GRA Testbed
Eric Redding Harris

Tom Rittenbach CERDEC,
Hiroshi Satake SAIC

Dr. Carl Dietrich Virginia Tech

Published MILCOM 20010
3  Papers
Published MILCOM 2011, 2 Papers

WARFIGHTER FOCUSED.



2010 L3 GRA MILCOM
Live Demo

US ARMY—-RDECOM

’ Software

GRA GUI

Ruggedized

WMR
Router

\ Antenna Group in Platform

WARFIGHTER FOCUSED.



nm—t@ GRA

Evolution and path forward
MULTI-VENDOR TERMINAL

GRA 2012 MILCOM Demo (STCD Net Mining Funded)
MULTI-VENDOR TERMINAL
- DATAPLANE DEMO DIRECTLY APPLICABLE TO ISRNET

 RF/Modems from Rockwell, Harris, L-3 under Vendor Independent GRA Control of
VLAN Traffic Switch

« REFERENCE DRAFT MILCOM 2011 PAPER

wternal
M etwork

< ToRouters |

MULTI-VVENDOR TERMINAL

| ToRF Links >

-

T
Harriz Modem
(" Cortral 37

&

Fouter A

L-3 Modem
Contral

LELy'eMr“at Terminal Controller )—
| Switch

« "Distribution A — Unlimited Public Release"

HAIPE (Futurel
Terregrial Interface Processor—
Exernal Reguests

Data Plane Controller
[ProcessoriC am puter)

ShMP? ]
over Ethernet

Main Terminal
M

@

Unmanaged Ethernet Switch
Switch

WARFIGH7'EITF6CUSED.



GRA Evolution and path forward
RDECOM GRA ISRNET Open Architecture Concept

(Proposed GRA Advanced Proof of Concept demonstrator)

US ARMY—-RDECOM

The GRA Manages Multiple } Network Ag nOSti(E Multiple Networks ]

Waveforms / Connections / Routers ArChitecture

Terminal h Data Plane
Controller - Switche ; Sy!ltch
Modem
Control
“ .

E/Iultiple Waveforms

Multiple
Ground Networks

WARFIGHTER FOCUSED.
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thomas.].rittenbach.civ@mail.mil

Questions?



