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TopicsTopics

Overview of PSI.
What is Link-16?
How does Link-16 relate to NCO/NCW?
Link-16 NMS:
� Description, Benefits, Capabilities, Applications. 

Impacts and challenges to adoption.
Future direction and teaming relationships.
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• Privately Held Corporation Founded in 1974
• Offices in Spring Lake & Wall, New Jersey
• Principal Business:

• Modeling & Simulation (M&S)
• Building Planning Tools

• Technology Focus:
• Communications Systems
• Real-Time Control Systems
• Net Centric Warfare
• Architecture Assessment

• Business Focus - Realization of Customer Solutions for:
• Planning, Analysis and Management of Complex Systems
• Development, Test, Optimization and Training

• 30 Years of Experience with DoD Systems/Projects

Who is PSI? Corporate OverviewWho is PSI? Corporate Overview
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M&S / Planning Tool Solutions

AFRL/IF
Rome NY
AFRL/IFAFRL/IF
Rome NYRome NY

SPAWAR 05
NCTSI – SPAWAR

AFRL/IF & NASICAFRL/IF & NASIC
Wright Patterson AFBWright Patterson AFB

JFCOM J6JFCOM J6
JFCOM J8/9JFCOM J8/9

Northrop Grumman – ISS

US Army CERDEC, I2WD
Ft. Monmouth

AFC2ISRC
Langley AFB
AFC2ISRCAFC2ISRC
Langley AFBLangley AFB

US Army UAMBL
Ft. Knox

Lockheed Martin MS2

WDL-N PMO
Elgin AFB
WDLWDL--N PMON PMO
Elgin AFBElgin AFB

Boeing BIC

SWC
Colorado Springs

DoD Customers & Industry PartnersDoD Customers & Industry Partners

AFIWC
San Antonio
AFIWC
San Antonio

ESC TDL SPO
Hanscom AFB
ESC TDL SPOESC TDL SPO
Hanscom Hanscom AFBAFB
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Projects in Network Centric WarfareProjects in Network Centric Warfare

Predictive
Battlespace
Awareness

IP over TDL
Prediction of

Human Behavior

Parallel Processing
Modeling & Simulation

Planning Tools

GIG

Tactical
Data Links

Sensor
Management,
Optimization,

Simulation

Info-Ops 
Offensive

WDL
Analysis

EBO

IADS

Architecture
Assessment

Info-Ops
Defensive

Satellite
Modeling

Joint Range
Extension

GIESim/JSAF
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PSI LeadingPSI Leading--Edge TechnologyEdge Technology
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PSI’s Core, LeadingPSI’s Core, Leading--Edge TechnologyEdge Technology
General Simulation SystemGeneral Simulation System™™ (GSS) & Run(GSS) & Run--Time Graphics Time Graphics ™™ (RTG)(RTG)

• High Productivity CAD Software Development
Environment and Fast Run-Time Execution

• Supports Rapid Development of:
• High Fidelity, Easy to Understand Models
• Simulations and Planning Tools

• Powerful Run-Time Execution:
• High Performance Execution
• High Resolution Graphics
• Supports Dynamic Interactive Modifications
• Built-in Optimization
• Flexible System Interfaces

• Large and Growing Base of Models
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PSI Core Technology Edge PSI Core Technology Edge –– GSS/RTGGSS/RTG

General Simulation System® (GSS)
Run-Time Graphics (RTG)

PLANNING TECHNOLOGIES

ASSESSMENT SYSTEMS
Rapid Design & Prototyping
Hierarchical Symbolic Modeling
Huge Complex Scenarios
Rapid Runs Times

PLANNING & PREDICTION SYSTEMS
Accurate Models
Accurate Predictions
Visual Verification & Validation

CONTROL SYSTEMS
Real Time
High Speed
Interactive

2D, 3D GRAPHICS TECHNOLOGIES

VISUALIZATION
Complex Graphics
Dynamic Motion- 6 Degrees of Freedom
Hierarchical Organizations
Distributed Databases

GEO-PHYSICAL MAPPING
High Volume
High Resolution
Accurate Registration

USER INTERACTION
Hierarchical Foreground Entities
Hierarchical Background Entities

PROCESSING TECHNOLOGIES

DISTRIBUTED PROCESSING
Automatic Distribution of Shared Data
Built-In Data Coherency Protocols
Automatic Initialization
High Efficiency

PARALLEL PROCESSING
Highly Efficient Resource Utilization
Visualization of Independence
Automatic Instances Modeling
Automatic Allocations of Instances
Automatic Load Balancing

CAD TECHNOLOGIES

MODELING & SIMULATION ENVIRONMENT
Rapid Prototyping
Large Model Libraries
Iconic Models
Run-Time Graphics
Built-In Optimization

SOFTWARE DEVELOPMENT ENVIRONMENT
Platform Independence
High Productivity
Graphical Architecture
Direct Mapping to Code
Tight Management Control
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GSS/RTGDiverse
File Types

XML
SQL

GIS Data
Arc Shape Data

Serial Input

System Clock

EXTERNAL
INPUTS

Diverse
File Types

XML
SQL

HTML Web Pages
PowerPoint Slides

Excel Spreadsheets
Arc Shape Data
PNG Image Files

Serial Output

OUTPUTS

Interface
Capabilities

Legacy
C/C++
Code

GSS
Simulations

Tools
Programs

Non-GSS
Simulations

Tools
Programs

Distributed IO Interfaces
DIS, HLA, TCP/IP

Shared Memory Data
Multi-Processing Interface

User Panels

Hi Resolution
Interactive
Graphics

Coverage
Maps

Interactive
Hierarchical

Networks 2D Terrain
& Contours

Political
Boundaries,

Moving
Platforms

Imagery
Overlays

3D Terrain
& Coutours,

Link Displays

General Simulation System® (GSS)
Run-Time Graphics (RTG)

General Simulation System® (GSS)
Run-Time Graphics (RTG)

Hi Resolution/Performance Graphics
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Minimizing Development & Minimizing Development & SustainmentSustainment RiskRisk
Moving Towards A Moving Towards A Defacto Defacto StandardStandard

GSS applications DODIIS certified:
� GSS-based TEL-SCOPE certified in record time.

Broad DoD customer base of GSS applications.
GSS supports many open interfaces.
GSS is a high productivity M&S development environment.
GSS supported by full set of User Manuals & Training courses.
W2COG:
� Working to simplify current complex acquisition language (250+ Pages)

� Current approach can rule out needed innovations, e.g., GSS-based 
applications. 

� OSD/NII simplifying rules.

� Working with PSI on GSS.
� PSI is a charter member.
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LinkLink--1616
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What is LinkWhat is Link--16?16?
Link-16 is a complex, predefined messaging standard (MIL-STD 
6016C) that is used in JTIDS, MIDS and future JTRS radios.

The terms Link-16, JTIDS and MIDS are often used interchangeably.

JTIDS stands for Joint Tactical Information Distribution System.

JTIDS and the newer Multi-Function Information Distribution System
(MIDS) are the most sophisticated wireless tactical data systems
currently in use by the joint services and coalition platforms.

JTIDS is used for computer-to-computer communications, and 
supports a wide range of capabilities including: position and 
navigation, situation awareness, surveillance, weapons coordination 
and management, mission control, threat warning, platform status, 
etc.

Link-16 also supports Voice, Free Text and Variable Format Messages
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JTIDS/MIDS JTIDS/MIDS Comm Comm ArchitectureArchitecture

Time Slot

Frequency Division
Multiple Access

(FDMA)

Code Division
Multiple Access

(CDMA)

Time Division
Multiple Access

(TDMA)

UHF Lx Band frequency spectrum
Between 960 MHz and 1215 MHz.
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(TDMA, FDMA and CDMA)

Encryption Security
-Transmission (TSEC)
-Message (MSEC)
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LinkLink--16 Uses TDL16 Uses TDL--J (JJ (J--Series) MessagesSeries) Messages
TDL-J Words are:
� 70 bits long, fixed format words.
� Fields are bit-oriented for minimal overhead.

Each Message consists of 1-10 J-Words
Each Message has a specified set of transmit 
and receive rules, which can specify:
� Response times
� Repetition rates
� Receipt Compliance
� Predefined values for different fields
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Message Category Message Sets
Network Management J0.x, J1.x

Precise Participant Location & Identification J2.x

Surveillance J3.x

Antisubmarine Warfare (ASW) J5.4

Intelligence J6.0

Information Management J7.x, J8.x

Weapons Coordination & Management J9.x, J10.x

Control J12.x, J14.x, J17.x, J16.x 
(reserved)

Platform & System Status J13.x

Threat Warning J15.0

Text Messaging J28.2(0)

National Use J28.x, J29.x, J30.x

Miscellaneous J31.x

Round Trip Time (RTT) RTT-A, RTT-B, RTT-REP

TDLTDL--J (JJ (J--Series) MessagesSeries) Messages
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L/S 0 1 2 3 4 5 6 7
Network Mgt J0 J0.0 J0.1 J0.2 J0.3 J0.4 J0.5 J0.6 J0.7
Network Mgt J1 J1.0 J1.1 J1.2 J1.3 J1.4 J1.5 J1.6 J1.7
PPLI J2 J2.0 J2.1 J2.2 J2.3 J2.4 J2.5 J2.6 J2.7
Surveillance J3 J3.0 J3.1 J3.2 J3.3 J3.4 J3.5 J3.6 J3.7
ASW J5 J5.0 J5.1 J5.2 J5.3 J5.4 J5.5 J5.6 J5.7
Intel J6 J6.0 J6.1 J6.2 J6.3 J6.4 J6.5 J6.6 J6.7
Information Mgt J7 J7.0 J7.1 J7.2 J7.3 J7.4 J7.5 J7.6 J7.7
Information Mgt J8 J8.0 J8.1 J8.2 J8.3 J8.4 J8.5 J8.6 J8.7
Weapons Coord & Mgt J9 J9.0 J9.1 J9.2 J9.3 J9.4 J9.5 J9.6 J9.7
Weapons Coord & Mgt J10 J10.0 J10.1 J10.2 J10.3 J10.4 J10.5 J10.6 J10.7
Control J12 J12.0 J12.1 J12.2 J12.3 J12.4 J12.5 J12.6 J12.7
Platform & System Status J13 J13.0 J13.1 J13.2 J13.3 J13.4 J13.5 J13.6 J13.7
Control J14 J14.0 J14.1 J14.2 J14.3 J14.4 J14.5 J14.6 J14.7
Threat Warning J15 J15.0 J15.1 J15.2 J15.3 J15.4 J15.5 J15.6 J15.7
Control (USN Reserved) J16 J16.0 J16.1 J16.2 J16.3 J16.4 J16.5 J16.6 J16.7
Control (Weather OT) J17 J17.0 J17.1 J17.2 J17.3 J17.4 J17.5 J17.6 J17.7
National Use J28 J28.0 J28.1 J28.2 J28.3 J28.4 J28.5 J28.6 J28.7 J28.2(0)
National Use J29 J29.0 J29.1 J29.2 J29.3 J29.4 J29.5 J29.6 J29.7
National Use J30 J30.0 J30.1 J30.2 J30.3 J30.4 J30.5 J30.6 J30.7
Misce J31 J31.0 J31.1 J31.2 J31.3 J31.4 J31.5 J31.6 J31.7
Round Trip Timing RTT RTT-A RTT-B RTT-REP

1 or B
1-N or B

Spec Brdcst
Spec Resp

Addressability
Designation

Colors 2-7 Spec (relay)
Ack (g-g cmplx)

1
1-N

non-C2 Grp
Connectivity Q

TDLTDL--J Message AddressingJ Message Addressing

46% of TDL46% of TDL--J MessagesJ Messages
Support someSupport some

form of addressingform of addressing
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J3.2 Air Track Message ExampleJ3.2 Air Track Message Example

J3.2 – Air Track Message consists of 3-6 
TDL-J Words.
� J3.2I: Initial Word
� J3.2E0:     Extension Word
� J3.2C1:     Continuation Words
� J3.2C2-3:  Continuation Words (optional)
� J3.2C4: Continuation Words

J3.2I

J3.2E0

J3.2C1

J3.2C4
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J3.2I J3.2I –– Air Track Message Word*Air Track Message Word*

*From MIL-STD-6016C
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J3.2I J3.2I –– Air Track Message Fields*Air Track Message Fields*

*From MIL-STD-6016C
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BIT #
POSITION BITS

AIR PLATFORM 41- 46 6

BIT #BIT #
POSITION BITSPOSITION BITS

AIR PLATFORM 41AIR PLATFORM 41-- 46 646 6

J3.2C1  J3.2C1  Air Track AmplificationAir Track Amplification
Continuation Word Air Platform Field*Continuation Word Air Platform Field*

*From MIL-STD-6016C

J3.2I

J3.2E
J3.2C1

6 bits
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Link-16 is the pre-eminent Tactical Data Link 
(TDL) in use today.
Highest Bandwidth TDL. 
Link-16 has low susceptibility to Jamming.
Link-16 is over 20 years old, and use today is 
accelerating due to experience in ODS & OIF.
Link-16 Supports:
� Situational Awareness (PPLIs)
� Tracks, Targets, Weapons Coordination

Why is LinkWhy is Link--16 Important?16 Important?

Though not aThough not a
LAN in the Sky.LAN in the Sky.
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LinkLink--16 and NCO16 and NCO
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Why is LinkWhy is Link--1616
Important to NCO/NCW?Important to NCO/NCW?

Link-16 is the tactical RF communications heart 
of NCO/NCW.

Link-16 is the “last digital mile” to the war 
fighter.

Link-16 utilization is expected to increase over 
the next 5+ years.

Link-16 platforms will be around for 10-20 more 
years.  There is a HUGE investment in equipment, 
testing, deployments, etc.
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From: 102_USN_Tactical_Links_Overview,
Capt S. Des Jardins, USN,

March 2005 Multi Link
Users Conf Presentation Material

MIDS Third Party Potential: 7625
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Exponential Growth in LinkExponential Growth in Link--16 Platforms16 Platforms

Need for more effectiveNeed for more effective
LinkLink--16 Network Management16 Network Management

Need for integration ofNeed for integration of
LinkLink--16 with IPv616 with IPv6



24 May 05 Prediction Systems, Inc. (PSI) 25

Planning
Today

Fragmented
Support

Enhanced
Planning/Assessment

Functions
Basic

JSS Functions

New
Planning Functions/

Waveforms

Future Planner
 as

NetCentric
Manager

Purely
TDL Net Centric

MTA
Planning,

Monitoring,
Control

Additional
Automation:

JU Assignments,
TN Block Assignments

FU, PU, etc.
Link-16 Filter Analysis/Assignment

Relay/JRE Needs Analysis
etc., etc.

Automated OPTASKLINK Generation
Monitoring by Measages

JTRS Radio
WNW
MDL
Etc.

Tactical &
IT merge

Advanced
planning & analysis

Automation and more powerful tools/capabilities
expands scope of Planning job responsibilities

Additional TDL platforms, new waveforms, information & data centric operations,
more dynamic platform relationships, greater introduction of IT-like operations

More sophisticated tools are required for Planning & Analysis.

Evolution of "MTA" Planning Functions and Scope

Transformational
Communications

Architecture
(TCA)

Time-Slot
& Interop

Management
Oriented

Near-term Tool
Opportunities

Joint
Communications

Concept

IPv6 Dominance

Mix of TDL & IPv6

Information
Management

Oriented

M&S of Systems of SystemsM&S of Systems of Systems

TodayToday 1515--20 Years20 Years

IP WaveformsIP Waveforms



24 May 05 Prediction Systems, Inc. (PSI) 26

Global Hawk

TOPARCHITECTURE  2/5/04

UHF SATCOM

E-3

SHF SATCOM

JREG

JTIDS

EPLRS/SADL

JTIDS

JTIDS

JREG

JTIDS

U-2

Joint STARS

Rivet Joint

MC2C

F-117

B-2

CLIENTS ROUTER

STU

SECURE
VOICE

JREG

DATA
TERMINALS

JTIDS

LAN

NIPRNET
SIPRNET

SWITCH

LAN

SHF
GROUND
STATION

UHF
GROUND
STATION

HF
VHF
UHF

RADIOS

WHOTALKSTOWHO  1/27/04

UHF

HF

VHF

JSS

 

Networks Required to Support Networks Required to Support 
Tactical Environments & Missions TodayTactical Environments & Missions Today

LinkLink--16 is a16 is a
Netted Netted CommComm

System that supportsSystem that supports
Fast MoversFast Movers
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TDLs in Relation to the GIGTDLs in Relation to the GIG

TDLsTDLs
+ Future Waveforms+ Future Waveforms

WAN/LANsWAN/LANs

OperationalOperational
Area Area 

NetworkNetwork
TDLsTDLs

& & 
MILSATCOMMILSATCOM

Global Information Grid (GIG)

Common Data Link
(legacy point to 
point)

Wide Area Network

TDLs

Networks

GIG Networks

WANsWANs::
MILSATCOMMILSATCOM
Ground FiberGround Fiber

UE

Theater

National

Agencies

Knowledge
Centers

UA

Tactical
Aircraft

National
Technical
Means

SATCOM

IBS

NGOs

Adapted
From RAND
FCS Briefing
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Challenges inChallenges in
Network Centric TransformationNetwork Centric Transformation

Exponential Growth & Utilization of Link-16.
Maximizing use of Link-16
� Leveraging and extending Link-16 “legacy” terminals
� WDL-A, JTRS Link-16, etc.

Link-16 relationship to IPv6 & IP Waveforms
� Integration of TDLs into IP environment.

IPv6 Performance:
� Tactical Message Latency
� Waveform Susceptibility

Integration of stove-piped systems:
� AOC

� DLARS, TBMCS (T-Bone), GCCS (JC2), etc.

Large investments - limited answers (or analyses) to date.



24 May 05 Prediction Systems, Inc. (PSI) 29

IPv4 & IPv6 Headers vs. TDLIPv4 & IPv6 Headers vs. TDL--JJ
TDL-J Word:  70 BitsIPv4 Header: 192 bits

IPv6 Header: 310 bits
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Army Perspectives on IPv6 Migration*Army Perspectives on IPv6 Migration*

* Based on IPv6 Briefing to Dr. Frankel, May 2004,
www.opengroup.org/gesforum/ uploads/40/5542/Army_Open_Group.ppt   

• IPv6 Viewed as Critical Force MultiplierIPv6 Viewed as Critical Force Multiplier
• Lagging areas may delay “Native IPv6”Lagging areas may delay “Native IPv6”

- Transition Mechanisms, QOS, 
- Security, IPv6 over Wireless

•2008 Native IPv6 mandate 
changed to goal due to cost.
•Technical Challenges:

�Transition:
�Standards still Drafts

�Security
�Tactical Wireless:

�Routing
�Header compression

�Mobile IPv6:
�Security
�New Service

�Dual Stack Routing
�Application Migration

Acquisition ChallengesAcquisition Challenges Cost GraphCost Graph
Procurement, Development,
Testing, Experimentation,
Transition Mechanisms
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Perceptions on LinkPerceptions on Link--1616

Link-16 is inflexible.
Link-16 is “full” or “saturated”.

Reality:Reality:
Link-16 network management approach is 
over 20 years old, and hasn’t changed much.
Only a fraction of the JTIDS/MIDS 
capabilities are actually used.

The PSI Link-16 Network Management System (NMS).
Solution:Solution:
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LinkLink--16 Network Management System16 Network Management System
Scenario & Network Design, SimulationScenario & Network Design, Simulation

Generic
Req’ts

Network
Req’ts

Network
Design

Force
Scenario

Paths

GenericGeneric
RequirementsRequirements

DatabaseDatabase
ManagerManager

LinkLink--16/JTIDS16/JTIDS
Planning ToolPlanning Tool

EnhancedEnhanced
LinkLink--16/JTIDS16/JTIDS

SimulationSimulation

AutomaticAutomatic
Allocation &Allocation &
AssignmentAssignment

ToolTool

The General Simulation System (GSS)The General Simulation System (GSS)

Built with

Adds
Time
Slots

(Design)

Integrated Network Management System (NMS)

Performance Feedback

External
Distribution
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LinkLink--16 NMS Capabilities16 NMS Capabilities

Accurate & Fast Radio Propagation:
� Effects of 3D Terrain
� Effects of Transmitter Power Levels & Antennas
� Dynamic Calculation of Mutual Interference & Noise

Visualization:
� 2D Terrain & Contours, Political Areas
� Platform Icons (Air, Sea, Ground)
� RF Link Connectivity
� Network Requirements including Relays

� In tabular form
� Dynamically between platforms over the terrain

� Dynamic Position Updates

Automatic Allocation of Time Slots
Dynamically Assess Network Performance

Network Connectivity
Orange Direct, Yellow Relayed

Solid: Satisfied, Dotted: Not Satisfied

Flight Path

RF Link Connectivity
Green: Bi-Directional,
Dotted: Unidirectional

2D Terrain
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LinkLink--16 NMS Components & Benefits16 NMS Components & Benefits

LinkLink--16 Automated Time Slot Allocation & Assignment16 Automated Time Slot Allocation & Assignment
Builds Network in MinutesBuilds Network in Minutes
•• Provides Manual Time Slot OverridesProvides Manual Time Slot Overrides

LinkLink--16 Operational Network Planning Tool16 Operational Network Planning Tool
- Provides facilities for adding, changing and deleting flight paths
- Flight paths can be created and modified graphically
- Provides facilities to create and view operational nets & links graphically 
- Interactive creation, store and recall of operational scenarios

Solves LinkSolves Link--16 Saturation “Problem”16 Saturation “Problem”
•• Maximal Use of Existing LinkMaximal Use of Existing Link--16 Capabilities,   Full Use of Space, Time & Traffic Requirement16 Capabilities,   Full Use of Space, Time & Traffic Requirementss
•• New Terminal Algorithms to Maximize Capacity,  Increased TerminNew Terminal Algorithms to Maximize Capacity,  Increased Terminal Assignmentsal Assignments

High Fidelity Link 16 SimulationHigh Fidelity Link 16 Simulation
- Validate Network Designs Quickly
- Test Different Operational Scenarios
- Generate Network Traffic
- Produce Metrics

TestTest Low Risk, Low Cost ValidationLow Risk, Low Cost Validation
High Speed ModelsHigh Speed Models
Dynamic Scenarios & TrafficDynamic Scenarios & Traffic
Automatically Collects:Automatically Collects: MOPsMOPs & & MOEsMOEs

RapidRapid
Iteration, &Iteration, &
ReplanningReplanning

AutomaticAutomatic
Allocation &Allocation &
AssignmentAssignment

ToolTool

AutomaticAutomatic
Allocation &Allocation &
AssignmentAssignment

ToolTool

LinkLink--16/JTIDS16/JTIDS
Planning ToolPlanning Tool
LinkLink--16/JTIDS16/JTIDS
Planning ToolPlanning Tool

EnhancedEnhanced
LinkLink--16/JTIDS16/JTIDS

SimulationSimulation

EnhancedEnhanced
LinkLink--16/JTIDS16/JTIDS

SimulationSimulation

GenericGeneric
RequirementsRequirements

DatabaseDatabase
ManagerManager

GenericGeneric
RequirementsRequirements

DatabaseDatabase
ManagerManager

Manage Communications Requirement GenericallyManage Communications Requirement Generically

Plan

Test

Design
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Overall BenefitsOverall Benefits
Network Performance:
� 5-10 time more network capacity anticipated.

� Leverage full capabilities of the terminal
� Expand terminal capabilities:

� More assignments
� New algorithms

Huge reduction in Network design and build 
times.
Rapid, low-cost and low-risk validation of 
network designs by high-fidelity simulation.

Realize the flexibility and capacity to meet theRealize the flexibility and capacity to meet the
Increasing operational demands of LinkIncreasing operational demands of Link--16 for NCOs.16 for NCOs.
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Impacts and ChallengesImpacts and Challenges

The “Usual suspects”:
� Inertia
� Doctrine, Policy, Organization, Socialization
� Acquisition cycles

Link-16 is a “legacy” radio system
Link-16 NMS Tool Set:
� Disruptive technology.
� Needs hardening and “productization”.

� Initial testing in actual terminals
� Preliminary operational use to gather feedback
� Integration into AOC…
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Future Direction of Tool SetFuture Direction of Tool Set

Tasked to put our network design into new and 
existing terminals for testing.

Documenting algorithms and enhancements for sizing 
by terminal builders.
Applications:
� On-Going analysis of Link-16 as a Weapons Data link (WDL) 

for Small Bombs.
� Link-16 Simulation interface to JSAF to support C3 in war 

gaming.
Basis for PSI Architectural Assessment work.

New WDL-A 50 in3

MIDS-LVT
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Partnering and TeamingPartnering and Teaming
LinkLink--16 NMS and GSS16 NMS and GSS

Open to ideas.
Briefing widely across services.
Exploring a number of relationships.
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LinkLink--16 NMS Demo16 NMS Demo
and Q&Aand Q&A


