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Making ERS Possible: Current Commercial 
Tools and Techniques 

ÅSystem Engineering practices are destined to 
change radically 
ïMay be driven by Government 
ïCertainly driven by Industry 
ÅIncluding service vendors 

ïRecent book:  Chris Anderson, Makers: The New 
Industrial Revolution 
ïForthcoming paper:  Neches & Hummel, άThe coming 

revolution in engineering complex systemsέ 

ÅHow will industry respond? 
ÅWhat tools are already available? 



	

Panel Session Introduction 

ÅLockheed Martin ATL 
ïShahrukh Tarapore, and Fouse 

ÅAGI 
ïMark Visco, Richard Buskens 

ÅDassault Systèmes 
ïBrian Chambers, Brent Earl 

ÅPhoenix Integration 
ïGreg Salow, Peter Menegay 

 

A sample of industry ERS developers 

Time for questions 

and discussion following 

presentations 
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Engineering Resilient Systems 

from the Battlefield to the 

Drawing Board 

Shahrukh R. Tarapore 
Advanced Technology Laboratories 

How do we enable the General and 

the Engineer to work together? 
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Advanced Technology Laboratories  
Innovation for Application 

ÅOur Purpose 

ï To be leaders of technological 

change by primarily leveraging 

external R&D funding to develop 

revolutionary warfighter 

capabilities and ultimately enable 

disruptive new businesses for 

Lockheed Martin. 

ÅGuiding Principles 

ï Develop transformational 

technologies 

ï Nurture creativity 

ï Embrace relentless 

entrepreneurialism 

ï Build enduring relationships  

 
 

We create new opportunities 
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Beyond Traditional Systems 

Engineering 

ÅThe ever changing operational landscape threatens 

our ability to field adaptable, effective, affordable 

system to meet warfighter and stakeholder needs. 

ÅThe next generation of systems of systems tools need 

to extend beyond a single mission, operating 

environment, or product 

ÅThe new frontier is in understanding how the 

interdependent relationships between the General s 

strategy, the warfighter s operational context, and the 

engineer s design influence mission success and 

system resiliency. 
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A Vision Engineering Resilient 

Systems 
ÅTwo areas of Computer Science have had tremendous 

advances enabling radical approaches for systems 

engineering: 
ï Broad acceptance of modeling and simulation across disciplines 

ï Readily available computational power in traditional and mobile forms 

ÅThese capabilities enable collaborative analysis and 

co-evolution through rapid trade space exploration.   

ÅAlternatives can be kept longer and explored deeper, 

and leveraged to inform evolving requirements.   

ÅIntegrated tools enable rapid composability of models 

and analyses, exposing risks sooner and accelerating 

design and test. 

 Transition from analyzing a few design alternatives 

over years to exploring thousands of designs in days. 
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What do we invest in to get 

there? 

ÅTo realize this radical approach to engineering future 

resilient systems we need aggressive research areas 

including: 

ïsystems representation and modeling 

ïdata-driven trade space exploration and analysis 

ïcross-domain coupling of models across scales 

ïcharacterization of changing operational contexts 

ïmixed-initiative, collaborative design and decision 

support. 



9 Lockheed Martin Proprietary Information 

Digital Factory 

Preliminary Design 

Cost CAD Structure Manufacturing 

System Architecture Analysis 

Rapid  

Tradespace  

Analysis 

Real Time 

Monitoring

Closedloop 

control

Performance 

Modeling

Process 

Simulation

Inspection

Design GuideAnalysis

CostModeling Library of 

Material 

Properties and 

Manfacturing 

Processes 

Requirements 

ÅChallenge: significant barriers to introduce 

new materials and manufacturing processes 

into product life cycle 

 

ÅLack of manufacturing readiness leads to 

cost and schedule overruns 

Goal: Develop extensible framework enabling 

trade studies of traditional and emerging 

materials and manufacturing processes 

http://upload.wikimedia.org/wikipedia/commons/a/ac/NIST_Manufacturing_Systems_Integration_Program.jpg
http://upload.wikimedia.org/wikipedia/commons/1/1d/Plasticity.jpg
http://upload.wikimedia.org/wikipedia/commons/7/7b/FEM_example_of_2D_solution.png
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Artificial Nose -- Chem Bio Sensing 
Automating Multi-Scale/Multi-Dimension Modeling 

 ωObjective: build a workflow coordination tool that automates multi-
scale/multi-dimensional modeling  
ςApplication: chemical bio-sensing 

ς Requires multi-scale, multi-dimensional 
modeling of a carbon nanotube with an 
attached DNA strand and the dynamic 
interaction of several analyte molecules 
simultaneously ς a modeling first! 
 

ωResults to date 
ςOne-day manual process now takes 15 minutes with no errors! 

ωBenefits 
ςNo more pain factor  involved in running collections of simulations 

ς Eliminates human error 

ς Speeds (automates) propagation of model changes 

ςSimplifies changes to workflow 

ςSimplifies addition of new models 





Software Framework  
for 

 Engineered Resilient Systems 
October 2012 
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Systems Tool Kit overview 
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   Data Federation  

Convey 

results 

Performance 
models 

Environmental 
models 

Operational 
models 

Mission 
synthesis 

Mission 
effectiveness 

Å Data 
Å Report 
Å Graph 
Å Chart 
Å Video 
Å Interactive 

animation 

Model 

system 
Analyze mission 

Systems Tool Kit Framework 
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Sensor Models 
Model sensor geometry & pointing 

Comms & Radar Models 
Model RF propagation & interference 

Environment Models 
Model terrain, atmosphere & space 

Vehicle Motion Models 
Model vehicle position and attitude  

Models 
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Calculate system performance 
Measure against mission objectives 

Explore trade space 
Analyze system design 

Evaluate system relationships 
Measure system impact 

Simulate mission 
Analyze system behavior in theater 

Analysis 
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3D object representations 
Position, orientation & articulation 

Convey results 
Graphs, reports, images & videos 

Mission environment 
Terrain & imagery 

2D and 3D visualization 
Vehicles, routes, sensors & analysis 

Visualization 
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Systems Tool Kit Interoperability 

GOTS Analysis and Operations  Tools & 
Data 

ÅFalconView - comms analysis 
ÅDCGS-AF 
ÅEADSIM 
ÅNavy's Missile Planning Tool by APL 
ÅJMPS - by Gnostech 
ÅNaval Sim System by Mectron) 
ÅNETWARS - Cyber Hacking  
ÅSEAS ( http://teamseas.com/)  
ÅNASA SPICE and CCDS 
ÅGPS Almanacs 
ÅTLE data 
ÅBVI - BattleSpace Visualization tool 
ÅGDM (INSCOM ) 
Åcoming soon.... 
ÅESAMS ς by Booz Allan Ham 
ÅHF RAD - OTH Radar model 
ÅNORAD - Operational Risk Assessment tool. 

Data Providers, formats and Imagery 
ÅScribe Workbench 
ÅSimulize - Flight Control 
Å JP2, NITF, etc 
ÅDTED, DEM... 
ÅNavteq - urban data 
Å ITU - satellite payload data 
ÅOCG 
ÅNMEA 
ÅAIS Data 
ÅShapefile import/export 

COTS Tools 
ÅScalable Networks ς Qualnet 
ÅMathworks - Matlab  
ÅAnark Core ς data file exchange 
ÅOpnet - NG using HLA 
ÅLightwave ς IGES,STEP conversion 
ÅSystemVue by Agilent 
ÅLabVIEW 
ÅDOORS 
ÅIBM Rational 
ÅHFSS ς antenna models 
ÅXplane 
ÅReal Flow ς Importing wave motion  
ÅRTLogic - Channel Simulator 
ÅElekrobit  - PropSim  
ÅRhode & SchwartzςRF Channel Simulator  
ÅSpirent ς GNSS Simulator. 
ÅCAST - Navigation 
ÅMSoft Excel, PowerPoint 
ÅHarpoon 3 Naval Warfare sim. 
ÅVirtual Sim Tasker - VirtualSim CGF 
ÅFuzzyTech.  Fuzzy Logic Engine Controller  
ÅSharepoint - collaboration 
ÅPheonix Integation - Model Center 
ÅESRI. 
ÅTruePlanning ς Cost estimation system  
ÅCARPET - a radar simulation tool that 
generates radar parameters 

Hardware/ Software/  Protocols 
ÅTouch Table 
ÅNext Computing 
ÅScalable Display Technologies 
ÅMax Vision 
ÅMS Surfance 
ÅDroid OS 
ÅSys ML 
ÅMagnolia Forge. 
ÅGoogle Earth - KML import/export 
ÅMS Virtual Studio - through JAVA, Com, 

.NET APIs 
ÅTCP/IP API  - network based interactions 
ÅDIS/HLA/TENA 

Third Party Applications  
(also sold as a separate product by the 

source company) 
ÅRemcom ς Urban comms modeling 
ÅAlion - TIREM 
ÅVT Mak ς SimMetrics 
ÅAER ς Weather Data 
ÅSDL ς Electro Optic Sensor Modeling 
ÅSatsoft ς  Antenna  Design 
ÅASI - Satellite Simulation 
ÅSAIC ς Missile modeling 



Pg. 19 of 12 

STK/Analyzer:  
Trade Studies 

Design of Experiments 

Optimization 

Statistical Engineering 

Analysis of Alternatives 

ModelCenter 

Run models multiple times and 

visualize results to improve 

decision making capabilities 
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Orchestration and Integration 

Data Management 

Enterprise Modeling and Analysis Framework 

Integrated framework elements: 

ςOpen, data-driven platform 

ς Physics-based engine 

ςModel-based analytics 

ςDynamic, multi-level model 

Detailed 

Engineering 

Engagement Mission Campaign/ 

Theater 

Co-simulation engine Time and Geometry 

 

ςMulti-domain application  

ς CONOPS & behavioral process modeling 

ς Scalable & re-usable 

ςUser definable workflows 

Correlation Aggregation Abstraction 
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ModelCenter 

Analysis Library with STK Data Federate 

Enterprise Modeling and Analysis Framework 

Integrated framework elements: 

ςOpen, data-driven platform 

ς Physics-based engine 

ςModel-based analytics 

ςDynamic, multi-level model 

Detailed 

Engineering 

Engagement Mission Campaign/ 

Theater 

Co-simulation engine Systems Tool Kit (STK) 

 

ςMulti-domain application  

ς CONOPS & behavioral process modeling 

ς Scalable & re-usable 

ςUser definable workflows 

Correlation Aggregation Abstraction 
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MBSE Definitions 
(Structural, behavioral, parametric, requirements definitions) 

ModelCenter 

Analysis Library with STK Data Federate 

Detailed 

Engineering 

Engagement Mission Campaign/ 

Theater 

Co-simulation engine Systems Tool Kit (STK) 

Correlation Aggregation Abstraction 

Enterprise M&A Framework ς Next Steps 

Role-based 
User Interface 

Modeler /  

Analyst 

Decision Maker 
Å Scenario Design 
Å Analysis / Trade space 
Å Results  View 

System Designer 
Å Architecture 
Å Definitions 
Å Configurations 
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N-dimensional Trade Study : Costs vs Mission 
Effectiveness 

Å Determine capability v cost of maritime domain 

awareness from satellite constellation  
Å Evaluate Mission ñFigures of Merit (FOM)ò  across 3 

design dimensions -  camera designs, communications 

designs and # of assets 

Design 

options STK 
Model

center SEER + + + 

Study Setup 

Cost vs 

Mission FOM 

Vary subsystem 

design parameters, 

assets employed 

and/or tactics 

Å Vary the # of each asset employed 

Å Determine mission FOMs based 

upon configuration and/or tactics 

 

Estimate cost of 

design iterations 
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Making ERS Possible: Current 

Commercial Tools and 

Techniques 

Dassault Systèmes 

Perspective 
Brian Christensen 

A&D Solution Director 

October 24, 2012 
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Defense & Security Industry New Paradigm é 

One Platform  
Several Systems 
Several Missions 

From : Sell weapons é 

Design a defense and/or security adaptable system, with an affordable price and time table, 

integrated in a complex heterogeneous environment, which copes with new threats and can be easily 

maintainedé  

One System 
One Mission 

One Adaptable System 
Multi-National / Multi-Missions 

2012 1940 
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V6 Architecture Improve Operational Efficiency 

Flexible, Modular Architecture 

Centralized for Single Source of Truth 

Open to External CAD Tools and 

Enterprise Systems 

Secure Access from Anywhere 

Accelerate time to market 

Integrated Design Chain from 

Conception to Fabrication 

Instant Global Collaboration  

Decrease costs 

Data Consolidation from Legacy Silos 

Horizontal and Vertical Scalability 

Centralized Administration 
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7 V6 Systems Engineering Solution  

                                

 

 

 

 

 

 

 

 

 

 

 

Requirements, Functions, Logical Components, Physical Components Allocations 

Collaborative process management and traceability 

Requirement 
Management R 

Functional 
Analysis F 

Logical 
Architecture 

Design L 

y=f(x) 

y=f(x,t) 

f(dx/dt,x,y,t)=0 

Discrete (Events) Continuous (Physics) 

Systems Behavior Modeling  
and Simulation 

System Integration 
Verification, Validation and 
Qualification 

Tests 

Software Electronics 
Mechanical 

Physical Design P 

System Analysis and 
Control (Inc. Safety) 

Collaborate across engineering disciplines and development teams 
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Material 
Solution 
Analysis 

Technology 

Development 

A B 

Pre-Systems Acquisition 

MDD 

Winning Program Solution Experience 

Proposal/Offer & Program Management for 

Systems Engineering Engagement  

Requirements Engineering for Traceability 

and Impact Analysis 

Product Architecture ï Functional and 

Logical System Definition 

 System & Production Trade Studies ï 

Analysis of Alternatives 

Life Like Experiences 
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