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Decision Loop in Design 

requirements

Design

space
decision

Systematic and automatic exploration

• Understand the design space

- What are the important parameters ? 

- How the requirements interact with each others? 

- Where are the most promising solutions ?

• Generate models dedicated to decision making 
- Trade offs

- Evaluate risks

Synthesis to support decision making

• Synthesis of important parameters

- What are the limits and where they are.

- Impact of component performances on global performances

• Propose trade offs

- Between requirements 

- On design parameters

• Manage risks

- Quantitative evaluation 

Evaluate  the impact of the requirements 
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RSM

Croisement

Selection Mutation

optimizers

Croisement
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Croisement

Selection Mutation
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Customer
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fidelity

objectives

constraints

Technologies

Architectures

Design

variables

Market Requirements
•Range

•Field length

•Cruise speed

•Comfort

•Environmentally friendly

•Certification

Global Choices:
• Architectures
• Technologies

Global Choices:
• Architectures
• Technologies

Disciplinary Design and Optimization:
• Aerodynamics
• Structures 
• Acoustics
• Engine integration
• Aircraft systems

Disciplinary Design and Optimization:
• Aerodynamics
• Structures 
• Acoustics
• Engine integration
• Aircraft systems

Parametric models:
Aero : Drag(twist)

Structures : Weight (twist)Range

Parametric models:
Aero : Drag(twist)

Structures : Weight (twist)Range

Global Synthesis:
• Design space exploration
• Global sensitivities
• Risks assessment

probabilities

feasability

Global Synthesis:
• Design space exploration
• Global sensitivities
• Risks assessment

probabilities

feasability
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Multilevel MDO 

X
Y

Z

Parametrized wing CAD definition

X

Y

Z

Automated mesh deformation
Aero : Drag(twist)

Structures : Weight (twist)

Range

Parametrized structure 

Level 1 Optimization 

Level 2 Detailed Optimizations 
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Surrogates models 

Advanced models 
- Radial basis functions 

- Kriging 

Surrogates = key ingredient to MDO 

D.O.E:  - LHS 

                - max(min) 

                - pseudo MC 

                - Adapted 



Ce document est la propriété intellectuelle de DASSAULT AVIATION. Il ne peut être utilisé, reproduit, modifié ou communiqué sans son autorisation. DASSAULT AVIATION Proprietary Data. 

Direction Générale Technique 
6 

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

Z

0.0
0.5

1.0
1.5

2.0
2.5

3.0
3.5

X

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Y

-6 -4 -2 0 2 4 6

-0.5

0.0

0.5

1.0

Exact 

Value only 

Value and derivative 

dlxx
x

xf

x

xs

xxxfxs

xxx
x

x
xxpxs

s

s

ss

n

iill

n

ii

ii

d

l

n

j
l

j

lj

n

i

ii

,...1,,
)()(

),()(

)),()((
)(

)()()(

1

1

1 11

1D example 
with gradients errmax=2.2% without gradient errmax=10% 

RBF using derivatives 



Ce document est la propriété intellectuelle de DASSAULT AVIATION. Il ne peut être utilisé, reproduit, modifié ou communiqué sans son autorisation. DASSAULT AVIATION Proprietary Data. 

Direction Générale Technique 
7 

DOE using Kriging MSE 
True Surface Adapted sampling (30 points) 

Points on the border of the domain 

Sampling convergence (mse) 

Sampling convergence (rms) 

Error space filling sampling (30 points) 
Error adapted sampling (30 points) 

Adaptive sampling reduces interpolation error for given computationnal budget 

Adaptive sampling is a sequential process 
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Illustrative example 

Requirements 

- Low speed performances : BFL, LFL 

- Range @ economic cruise Mach number 

- Cruise altitude 

- Pax cabine volume and payload 
Detailed analysis 

- Aerodynamics 

- Structures 

Sizing scenarios 

- Minimize carbon footprint @ economic cruise 

- Minimize weight  

Sampling variables 

- Wing aspect ratio 

- Height of winglet 

AR 

Hw  

SRV 

KHMO 

KRQI Sizing variables 

- Wing area 

- Fuel volume 

- Engine size 

Trade off wing aspect ratio / winglet size for a given plan form 
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Sketch of the process 
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structurestructure

AircraftAircraft

Interactive visualizationInteractive visualization

RSM

RSM
optimization

on aero parameters
optimization

on structural parameters

DOE

on global parameters

optimization

on aircraft parameters

DOE

Components 

performances 

Synthesis at 

System level 

Exploration of 

Design Space 
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Detailed analysis workflows 

Reference
Geometry

Modified
Surface Mesh
& Gradient

Aerodynamic
Observations

Cost,
Constraints
& Gradients

Design Variables

Optimizer

CAD
Modeler

CFD
Solver

Cost
Gradient

Volume
Mesh

Deformation

CFD
Adjoint
Solver

Volume Mesh
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Modified

Volume
Mesh

Aerodynamic
Variables

Starting
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Objective &
Constraints

Reference
Volume

Mesh

Volume Mesh
Adjoint

 deformation

Aerodynamic
Observations

Gradient

Aerodynamic 

coefficients 

X
Y

Z

Parametrized wing CAD definition

Aerodynamic Structural analysis 
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Aerodynamic 

Long range Mach number

Lift coefficient
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CFD analysis for 3 winglet heights 

Aspect ratio : pre-existing surrogate model 
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Structure 
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Stresses for a static load case 
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Interactive design space exploration 

before 

now 
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Interactive exploration benefits 

• Immerse the decision makers within the space of 

compromise to enable them to better understand what 

they need by providing them immediate answers to their 

questions.  

• Collaborative visualization ensures that all stakeholders 

can measure the impact of the multiple interactions and 

be able to trace the analysis at the system level.  

• Efficiently manage the trade off between breadth and 

depth: each compromise decided at the system level 

allows focusing future efforts on smaller areas but with 

an increase in the depth of details. 

“Tell me and I'll forget; show me and I may remember; involve me and I'll understand.” 

Chinese proverb 



Ce document est la propriété intellectuelle de DASSAULT AVIATION. Il ne peut être utilisé, reproduit, modifié ou communiqué sans son autorisation. DASSAULT AVIATION Proprietary Data. 

Direction Générale Technique 
15 

Interactive trade off analysis 

Min CO2 Min CO2
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Interactive constraints analysis 

Feasible design space 
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Filtered scatter plots 

500 designs generated interactively 

Points filtered out 
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More detailed comparison 
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Selected design region must result of a comparative analysis of all the performances 

Delta CO2 "Min CO2 - Min weight'' Trade off CO2 vs high speed range 

500 designs 

Multicriteria Decision Making 
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Aircraft Environmental Control System 

19 

ECS 

Engine bleed air 
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 Sizing of the Cold Air Unit 
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 20 < Thead < 24 °C 

| Thead – Tfeet | < 2 

weight 

power     

consumptio

n   

Text 

Pext 

Thead 

Tfeet 

passenger 

thermal 

comfort 

CAU 

design 

parameters 

Tsensor 

constraints 
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Design of an ECS system 

21 

Objective : Size the different elements of the ECS (turbine, heat exchanger) to maintain a comfortable 

                    temperature  in the cabin on the ground during a hot day or during the high altitude cruise. 

CFD computations in the cabin: 

 - air flow 

 - temperature   

The boundary conditions are specified by the ECS. 

 

The ECS is modeled using the Modelica language. 

CFD computations : batch on HPC Clusters 

 

System simulation : interactive on PC (windows) 

==> Methodology and process to 

 - perform each simulation in its native environment 

 - couple the different simulation to explore efficiently explore the design space 

 - synthesize the results and support decision making 

 

==> Develop and integrate the elements of the new process. 
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Multi-level models 

22 

original 

Modelica  

component 

surrogate models 

with associated accuracy 

Low fidelity 

High fidelity 

( Modelica.Fluid.Vessels.ClosedVolume ) 

original 

CFD Model(s) 

Choice of 

adequate 

representation  

Modelica (www.modelica.org) 

Tfeet 

u Tin 
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Catia V6 Platform component 
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Manufacturing Hub - PPR 

Standalone executables 

HPC platform 

COMPUTATION 

VISUALIZATION 

Simulation Hub - MSR 

Model 

Result 

Scenario 

COMPREHENSIVE PLM 

other 

centrals 

Program Central 
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Collaborative process 

24 
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CAE Analyst 

Method Engineer(s) 

1 

3 8 

Initial Data &  

Process Build 

1

1 

1

0 

1

0 

1

0 
Collaborative  

review 

Validate and 

Publish 

Define design 

space & cost 

functions 

Start 

1

2 
End 

1

0 

0 

Explore 

design 

space and 

sensitivity 

2 
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4 

Request 
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6 
CFD computations 

Generate 
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7 

Integrate 
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model 

work plan 
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initialization 
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layout 

methods 

and tools 

workspace 
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Identify 
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select 

candidate 

modify 
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  Aircraft Architect 

Thermal Architect 
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Design review 

25 

Sensitivity Analysis 

Design space explored using  

surrogate models 

Minimisation 

masse 

Contraintes ΔT 

Interactive links between performances and physical behavior 
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Conclusions 
• Multi-level strategy based on surrogate models  

– Enables the reuse of high fidelity simulations in different contexts 

– Allows asynchronous allocation of resources  

– Facilitates exchange of information 

• Improved awareness of the decision making process thanks to 

– Numerical simulations and data sharing at the earliest stage of development 

– Systematic trade-off studies at all the levels of integration in a collaborative framework 

• Better project management through 

– The assessment of the design margins on the final performances 

– The allocation of resources to the domains with the highest yield 

• PLM with parametric models 

– Traceability from cradle to grave 

– Interactive collaborative design review 

 
Exploration efficiency still needs to be improved to better support 
decision making : towards a collaborative design lab sharing a digital 
mockup of the design space with all the associated parameterized 
performance models.  


