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PerspectivesPerspectives

§§ ResearchResearch
§§ EducationEducation
§§ ApplicationApplication

§§ Process!Process!



Research ObjectivesResearch Objectives
•• A consistent format and methodology for making A consistent format and methodology for making 

affordable affordable multimulti--objective (3)objective (3) acquisition acquisition decisions and decisions and 
tradetrade--offs in nonoffs in non--dominated design spacedominated design space

•• Practical and quantitative methods for measuring Practical and quantitative methods for measuring 
mission mission effectivenesseffectiveness

•• Practical and quantitative methods for measuring Practical and quantitative methods for measuring riskrisk
•• An efficient and robust method to search design space An efficient and robust method to search design space 

for optimal concepts with a range of probabilities of for optimal concepts with a range of probabilities of 
success success -- uncertaintyuncertainty

•• An effective framework for transitioning and refining An effective framework for transitioning and refining 
concept development in a multidisciplinary design concept development in a multidisciplinary design 
optimization (MDO).optimization (MDO).

•• Use the results of firstUse the results of first--principle analysis codes at earlier principle analysis codes at earlier 
stages of design.stages of design.
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Design Design 
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Concept Exploration ProcessConcept Exploration Process
(Preparation, Preparation, Preparation!)(Preparation, Preparation, Preparation!)

§§ Define Mission Define Mission –– CONOPs, POE, ROCs, scenariosCONOPs, POE, ROCs, scenarios
§§ Technologies/Trades Technologies/Trades –– hullform, power and propulsion, hullform, power and propulsion, 

combat systems, automationcombat systems, automation
§§ Standards and SpecsStandards and Specs
§§ Design SpaceDesign Space
§§ Metrics Metrics –– Effectiveness, Cost, RiskEffectiveness, Cost, Risk
§§ Build ship synthesis model, select modulesBuild ship synthesis model, select modules
§§ MultiMulti--objective Optimization (Hands off!)objective Optimization (Hands off!)

–– No magic!No magic!
–– No imagination!No imagination!
–– Success depends on “Preparartion”!Success depends on “Preparartion”!

§§ Select baseline design(s) from nonSelect baseline design(s) from non--dominated frontierdominated frontier



MNS
Mission Need

ADM / AOA
General 

Requirement

Define Design 
Space

Modeling
DOE - Variable 

Screening & 
Exploration

RSM

Data

Expert Opinion

Physics-Based
Model

Effectiveness 
Model

Cost Model

Optimize - 
Generate 

NDFs

Alternative or 
New 

Technology

Ship Aquisition 
Decision

Alternative 
Requirement 

Definition

ORD1
Ship MS1

Technology 
Acquisition & 
Development

Ship System 
Design & 

Development

Production 
Strategy

Ship Aquisition 
Decision

ORD1
Ship MS1

Technology 
Acquisition & 
Development

Ship System 
Design & 

Development

Production 
Strategy

Feasibility & 
Sensitivity 

Analysis

Variable 
Probability

Risk Model

Technology

Concept Exploration ProcessConcept Exploration Process



CUVX MissionCUVX Mission NeedNeed
§§ Current assets for ISR and First Day of War timeCurrent assets for ISR and First Day of War time--sensitive warfighting:sensitive warfighting:

–– Land and carrierLand and carrier--based aircraft and based aircraft and UAV’sUAV’s
–– Cruise missiles from US submarines and surface shipsCruise missiles from US submarines and surface ships
–– SpaceSpace--based and longbased and long--range aircraft assetsrange aircraft assets

§§ These assets:These assets:
–– Are costlyAre costly
–– Put many personnel in harms wayPut many personnel in harms way
–– Have limited numbers for seaborne positioning and rapid Have limited numbers for seaborne positioning and rapid employmentemployment

§§ The Unmanned Combat Air Vehicle (UCAVThe Unmanned Combat Air Vehicle (UCAV--N) is a transformational technology N) is a transformational technology 
with the potential to address these problemswith the potential to address these problems

§§ UCAVUCAV--N requires a support platform. Material alternatives include:N requires a support platform. Material alternatives include:
–– CVNsCVNs supportsupport mannedmanned and unmanned aircraftand unmanned aircraft
–– Surface ship specifically designed or modified to support Surface ship specifically designed or modified to support UAVsUAVs and and UCAVsUCAVs

Alternatives include:Alternatives include:
§§ Convert existing LHD or LHA class shipsConvert existing LHD or LHA class ships
§§ Design and build a modifiedDesign and build a modified--repeat LHD or LPDrepeat LHD or LPD--1717
§§ Design and build an entirely new class of UCAV carrier (CUVX)Design and build an entirely new class of UCAV carrier (CUVX)



UCAV (VT UCAVUCAV (VT UCAV--N)N)
§§ VT UCAVVT UCAV--NN

–– ISRISR
–– SEADSEAD
–– StrikeStrike
§§ HARM (highHARM (high--speed speed 

antianti--radiation missile) radiation missile) 
§§ AIMAIM--120 AMRAAM 120 AMRAAM 

Slammer Slammer 
§§ JDAM (Joint Direct JDAM (Joint Direct 

Attack Attack MunitionMunition))
§§ DimensionsDimensions (folded):  (folded):  

–– 9.2 m wingspan x 9.7 m 9.2 m wingspan x 9.7 m 
long x 4.4 m long x 4.4 m highhigh

§§ Dimensions (unfolded):  Dimensions (unfolded):  
–– 13.7 m wingspan x 9.7 m 13.7 m wingspan x 9.7 m 

long x 3.6 m long x 3.6 m highhigh
§§ Weight: Weight: 12 12 MtonsMtons



Acquisition Decision (ADM)Acquisition Decision (ADM)

§§ Authorized Concept Exploration of two CUVX material Authorized Concept Exploration of two CUVX material 
alternativesalternatives
–– ModifiedModified--repeat LPDrepeat LPD--1717
–– New CUVX ship designNew CUVX ship design

§§ GuidanceGuidance
–– Support 20Support 20--30 30 UCAVsUCAVs and and UAVsUAVs, providing for takeoff and landing, , providing for takeoff and landing, 

fueling, maintenance, weapons loadfueling, maintenance, weapons load--out, planning and controlout, planning and control
–– Provide own defense with significant dependence on passive Provide own defense with significant dependence on passive 

survivability and stealthsurvivability and stealth
–– Minimize life cycle cost through the application of producibilitMinimize life cycle cost through the application of producibility y 

enhancements and manning reductionenhancements and manning reduction
–– Minimize personnel vulnerability in combat through automationMinimize personnel vulnerability in combat through automation
–– Average followAverage follow--ship acquisition cost shall not exceed $500M ship acquisition cost shall not exceed $500M 

($FY2005), not including aircraft.($FY2005), not including aircraft.
–– 30 ships, IOC 201230 ships, IOC 2012
–– CUVX concepts will be explored in parallel with UCAVCUVX concepts will be explored in parallel with UCAV--N Concept N Concept 

Exploration and development using a Total Ship Systems Exploration and development using a Total Ship Systems 
Engineering approach.Engineering approach.



CUVX CONOPSCUVX CONOPS
§§ Operate in littoral areas, closeOperate in littoral areas, close--in, depend on stealth, with high in, depend on stealth, with high 

endurance, minimum external support, and low manningendurance, minimum external support, and low manning
§§ Providing for aircraft takeoff and landing, fueling, maintenanceProviding for aircraft takeoff and landing, fueling, maintenance, , 

weapons loadweapons load--out, planning and controlout, planning and control
–– UAVsUAVs -- surface, subsurface, shore, and deep inland surveillance, surface, subsurface, shore, and deep inland surveillance, 

reconnaissance and electronic warfarereconnaissance and electronic warfare\\
–– LAMPS LAMPS –– AntiAnti--Submarine Warfare (ASW) and AntiSubmarine Warfare (ASW) and Anti--Surface Ship Warfare Surface Ship Warfare 

(ASUW) defense(ASUW) defense
–– UCAVS UCAVS -- initial/early conflict Suppression of Enemy Air Defenses (SEAD)initial/early conflict Suppression of Enemy Air Defenses (SEAD), , 

Strike and miningStrike and mining
§§ Operate independently or in conjunction with small Surface AttacOperate independently or in conjunction with small Surface Attack k 

GroupsGroups
§§ Capable of performing unobtrusive peacetime presence missions inCapable of performing unobtrusive peacetime presence missions in an an 

area of hostility, and immediately respond to escalating crisis area of hostility, and immediately respond to escalating crisis and and 
regional conflictregional conflict

§§ Likely to be forward deployed in peacetime, conducting extended Likely to be forward deployed in peacetime, conducting extended 
cruises to sensitive littoral regionscruises to sensitive littoral regions

§§ Provide own defense with significant dependence on passive Provide own defense with significant dependence on passive 
survivability and stealthsurvivability and stealth

§§ PostPost--conflict conflict -- continue to monitor all threatscontinue to monitor all threats
§§ First to arrive and last to leave the conflict areaFirst to arrive and last to leave the conflict area



CUVX Mission TypesCUVX Mission Types

§§ PrePre--conflictconflict
–– Intelligence, SurveillanceIntelligence, Surveillance and Reconnaissance (ISR)and Reconnaissance (ISR)

§§ ConflictConflict
–– Continue ISRContinue ISR
–– SEADSEAD
–– MiningMining
–– PrePre--position and support position and support UCAVsUCAVs for timefor time--sensitive air sensitive air 

and missile strikes (HARM and JDAM)and missile strikes (HARM and JDAM)
–– SPECOPSSPECOPS
–– ASW / ASW / ASuWASuW / with LAMPS/ with LAMPS

§§ PostPost--conflictconflict
–– Continue ISRContinue ISR



Mission Scenarios (ASC)Mission Scenarios (ASC)
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Effectiveness MetricEffectiveness Metric
§§ Inputs affecting overall mission effectiveness metric: Inputs affecting overall mission effectiveness metric: 

–– defense policy and goalsdefense policy and goals
–– threatthreat
–– existing force structureexisting force structure
–– mission needmission need
–– mission scenariosmission scenarios
–– modeling and simulation or war gaming resultsmodeling and simulation or war gaming results
–– expert opinionexpert opinion

§§ Master warMaster war--gaming model?gaming model?
–– Many runs / regressionMany runs / regression
–– Series of probabilistic scenariosSeries of probabilistic scenarios
–– Accuracy depends on modeling the detailed interactions of a compAccuracy depends on modeling the detailed interactions of a complex lex 

human and physical system and its response to a broad range of human and physical system and its response to a broad range of 
quantitative and qualitative variables and conditions including quantitative and qualitative variables and conditions including ship MOPsship MOPs

§§ This extensive modeling capability does not yet exist for This extensive modeling capability does not yet exist for 
practical applications! practical applications! –– Alternative?Alternative?



OMOE and OMOR OMOE and OMOR 
Development Process Development Process 
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ROCs > MOPs > G & Ts > DVsROCs > MOPs > G & Ts > DVs



CUVX Design CUVX Design SpaceSpace



OMOE OMOE HierarchyHierarchy



Pairwise ComparisonPairwise Comparison



Weights and Value FunctionsWeights and Value Functions
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RISK OBJECTIVE ATTRIBUTE RISK OBJECTIVE ATTRIBUTE 
(OMOR) (OMOR) 

§§ Understand technology alternatives, ship requirements, Understand technology alternatives, ship requirements, 
schedules and cost estimates. Set effectiveness and schedules and cost estimates. Set effectiveness and 
performance metrics, goals and thresholds performance metrics, goals and thresholds 

§§ Select ship design variables (DVs) and process variables Select ship design variables (DVs) and process variables 
(PVs)(PVs)

§§ Identify potential risk areas and events associated with Identify potential risk areas and events associated with 
each design and process variable option. Build a risk each design and process variable option. Build a risk 
register (spreadsheet)register (spreadsheet)

§§ Assign probabilities (P) and consequences (C) to each Assign probabilities (P) and consequences (C) to each 
risk event. risk event. 

§§ Calculate a risk rating (R) for each Risk.Calculate a risk rating (R) for each Risk.
§§ Define the overall measure of risk (OMOR) functionDefine the overall measure of risk (OMOR) function

k
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ksched
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jjtii
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WOMOR ∑∑∑ ∑
++= cos



Critical Risk Critical Risk 
AreasAreas

(DoD 5000)(DoD 5000)



Measure of ConsequenceMeasure of Consequence



Probability of Risk EventProbability of Risk Event



CUVX Risk Register CUVX Risk Register 
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BaselineBaseline
Ship Synthesis Ship Synthesis 

ModelModel



MC Design Space VisualizationMC DesignMC Design Space VisualizationSpace Visualization

§§ Developed using Boeing’s Design Explorer TechnologyDeveloped using Boeing’s Design Explorer Technology

§§ Gain a better understanding of design spaceGain a better understanding of design space
–– Increase insight into the effects of key parametersIncrease insight into the effects of key parameters
§§ Develop better designs, simplify models Develop better designs, simplify models 

§§ Generate dataset using one of ModelCenter’s trade study toolsGenerate dataset using one of ModelCenter’s trade study tools

§§ Access toolset from ModelCenter’s Data ExplorerAccess toolset from ModelCenter’s Data Explorer
–– Variable Influence ProfilerVariable Influence Profiler
§§ Variable Importance PlotsVariable Importance Plots
§§ Main Effects PlotsMain Effects Plots

§§ Interaction Effects PlotsInteraction Effects Plots

–– Prediction Profiler Prediction Profiler 



MC Design Space VisualizationMC DesignMC Design Space Space VisualizationVisualization

§§ Variable Importance PlotsVariable Importance Plots

–– Graphically view Graphically view whichwhich input input 
variables and combinations of variables and combinations of 
input variables are most input variables are most importantimportant

–– Simplify the formulation of Simplify the formulation of 
optimization problemsoptimization problems



MC Design Space VisualizationMC DesignMC Design Space Space VisualizationVisualization
§§ Main and Interaction Effects PlotsMain and Interaction Effects Plots

–– Graphically view Graphically view howhow input variables affect a selected output variableinput variables affect a selected output variable

–– Determine design trendsDetermine design trends
–– Locate regions in the design space that contain promising solutiLocate regions in the design space that contain promising solutionsons

Main (single variable) EffectsMain (single variable) Effects

Interaction (combined variable) EffectsInteraction (combined variable) Effects

11 22

33 44



Evolutionary-Based Optimization EvolutionaryEvolutionary--Based Optimization Based Optimization 
§ Global optimization scheme

§ Discrete and continuous design variables

§ Single objective optimization

§ Multi-objective optimization trade-off 
studies 



MC DesignMC Design OptimizationOptimization
Future Releases Future Releases 

§§ Boeing’s Design Explorer Optimization ToolsBoeing’s Design Explorer Optimization Tools

–– A unique global search optimization algorithm that intelligentlyA unique global search optimization algorithm that intelligently
uses uses 
§§ DOE, Surrogate models, GradientDOE, Surrogate models, Gradient--based techniquesbased techniques

–– Designed for computationally expensive analysis codes and Designed for computationally expensive analysis codes and 
noisy design spacesnoisy design spaces

–– Make critical market decisions fasterMake critical market decisions faster
§§ Evaluate numerous alternatives to identify the Evaluate numerous alternatives to identify the 

best designbest design
§§ Boeing evaluated 27,000 designs in the same Boeing evaluated 27,000 designs in the same 

amount of time it used to take for 25 designsamount of time it used to take for 25 designs



MultiMulti--Objective Genetic Objective Genetic 
Optimization (MOGO)Optimization (MOGO)
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NonNon--Dominated Frontier (NDF)Dominated Frontier (NDF)

DD21 Non-Dominated Frontier - >75% Confidence
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CUVX NDF 1CUVX NDF 1



CUVX NDF 2CUVX NDF 2



Current ProjectsCurrent Projects

§§ Structural Optimization Module (MAESTRO)Structural Optimization Module (MAESTRO)
§§ Vulnerability Analysis Module (LSDYNA)Vulnerability Analysis Module (LSDYNA)
§§ MultiMulti--hull Resistance and Seakeeping (SWAN)hull Resistance and Seakeeping (SWAN)
§§ Submarine DesignSubmarine Design
§§ NonNon--Dominated  TradeDominated  Trade--off Spaceoff Space
§§ OMOE ValidationOMOE Validation
§§ LHA(R) OMOELHA(R) OMOE
§§ LHA(R) ASSET SynthesisLHA(R) ASSET Synthesis
§§ Uncertainty Analysis and POSUncertainty Analysis and POS
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MAESTRO Structural OptimizationMAESTRO Structural Optimization

§§ Build baseline model using modelerBuild baseline model using modeler
§§ Modify using *.dat and *.outModify using *.dat and *.out
§§ Stretch y and z Stretch y and z –– move endpointsmove endpoints
§§ Stretch z Stretch z -- add parallel midbodyadd parallel midbody
§§ MAESTRO optimizerMAESTRO optimizer
§§ MAESTRO weightMAESTRO weight



Ship Synthesis Ship Synthesis 
w/Structural w/Structural 
Optimization Optimization 

and Vulnerability and Vulnerability 
AnalysisAnalysis



LSDYNA/USA/LSDYNA/USA/
TrueGrid Shock TrueGrid Shock 

(Far Field) (Far Field) 
ModelModel



Ship Synthesis Ship Synthesis 
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SSLW(X) SSLW(X) –– Team 3Team 3
Littoral Warfare SubmarineLittoral Warfare Submarine
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LHA(R) ResultsLHA(R) Results



Questions?Questions?

Dr. Alan BrownDr. Alan Brown
Department of Aerospace and Ocean Department of Aerospace and Ocean 

EngineeringEngineering
email brown@aoe.vt.eduemail brown@aoe.vt.edu


