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Previous AG52: Surrogate-based global optimization methods in
preliminary aerodyvynamic design

=  Motivation

= AG objectives & challenges

=  Membership

= Main results & Conclusions /
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/EG77: Machine learning and data-driven approaches for
aerodvynamic analysis and uncertainty quantification

= QObjectives
= Partners

=  Workplan
U i 4




_ GROUP FOR AERONAUTICAL RESEARCH AND TECHNOLOGY IN EUROPE
@ @ m-—l"—-@ Lll-_JJJ m FRANCE GERMANY ITALY THE NETHERLANDS  SPAIN SWEDEN  UNITED KINGDOM

\ AD-ABS2 Wwy&

AG52 overview

4 )

= Motivation

= AG objectives & challenges
— = - - = Membership

=  Main results

= Dissemination & Conclusions

—

re

-

-
3 : \ a3
Y i
i I N &

N\
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AD-AGSZ2
: Technical Progress »| Dissemination & Future
EY CAPABILITIES ==

\

[SBGO methods in aerodynamic shape design: R

A
| CFD solver (parallel) I—» Surrogate mode
1
|

broad design space exploration

high potential to find the global optimum
inherent parallelization

independence from initial configuration
feasibility in MDO, complementary to adjoint /

\

ﬁ3ut open issues to be further studied:

Complex physics require high-fidelity (CFD) simulations, computational cost must be taken into
account

Efficient investigation of a large design space

accuracy of the model when reduced humber of samples

efficient constraints handling @E’)EN H@@@E@ )

Deep assessment of SBGO methods for
“‘ aerodynamic shape optimization
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Technical Progress »| Dissemination & Future

OBJECTIVES Assessment vs. Design exercise

/ = Assessment of surrogate modeling techniques for fast computation of the fitnessx
function

= Assessment of surrogate-based global optimization strategies for shape design

= Evaluation of DoE techniques given a certain geometry parameterization. Analysis
of the cost/accuracy trade-off for different DoE plans and strategies

= Demonstration of the applicability and CPU time savings by the use of surrogate-
\based global optimization

4 )
= Provision of “best practice” quidelines for the industrial use of SBGO methods in
shape optimization
= Simplification of the use of SBGO methods in aeronautic industries
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Technical Progress »| Dissemination & Future

CHALLENGES FACED

= Deal with the “curse of dimensionality”. Assessment of the surrogate modeling
techniques to deal with high dimensionality problems (n>10)

= Model validation strategies, assessment of the overall computational time required
to build and train the surrogate

= Assessment of the proper error metrics for comparison (RMSE, ME ....)

= Handling constraints with surrogates, possible formulations of constraints

= Accuracy of the model on large database (more than 200 samples)
= |Improvement of surrogate accuracy at fixed computational budget

= Efficient DoE techniques, adaptive DoE strateqgies for “optimal” selection of training

points towards validation error mitigation




GARTEUR Mem bership
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Technical Progress »| Dissemination & Future

= 9 organizations from 5 GARTEUR state <<C HIRA
members (ESP, FRA, ITA, SWE, UK) and 1
non-GARTEUR country (CZE)

ONERA

AIRBUS THE FRENCH AEROSPACE LAB
MILITARY

= 2 industries (AIRBUS Military, SAAB)

= 4 research establishments (INTA, CIRA,
FOI, ONERA)

= 3 universities (UAH, UNIS, VUT)

UNIVERSITY OF % Universidad

SURREY #$2% de Alcala

AAAAAAAAAA

= Chairmanship: INTA (Esther Andrés)
= Vice-chairmanship: CIRA (Emiliano luliano)

T
= Monitoring Responsible: Fernando Monge, INTA lm' e
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= An upper limit in the computational effort was Sr—

. ; . Common Inputs Fariner .
agreed for sampling the design space and training Parameterization, Mesh, = <+
the surrogate in terms of high-fidelity CFD runs Constraints, ... = Validation
(5xDV) dataset
= Each partner was free to decide how to sample Own DoE
the design space (DoE) SURROGATE TRAINING methods

Computational l

= Once the surrogate was trained, the vaIidati% effort # CFD runs

plan was performed

= The selected validation strategy was a 10-fold
cross validation.

= Each partner provided two values at each point
of the validation dataset: the high-fidelity &

mmmmad 17aiNINg

surrogate prediction (different solvers)
= Error metrics were derived and a final l, 4
comparison was made to assess each surrogate. ACCURACY Predicted High fidelity

COMPARISON]  value value




carTeUR Main results (2/6)

Aﬂsz pvervie Technical Progress »| Dissemination & Future
Common Inputs Felrinsr # Additional
. . . ) Paramet.erization, Mesh, =9 0 <= CFD runs
F Each partner applied its own optlmlzat% Constraints, -— . =
method coupled with the shared tools
(parameterization, mesh, ....) and his own

surrogate model

= It was up to each partner to decide
whether to update the surrogate during the
optimization, but the number of additional
CFD computations to update the model was
fixed a priori

= The optimal candidates obtained by
each partner were evaluated by a single

Optimization method
solver

' Oplitizet
can IQ“"

TG

partner (TC coordinator) in order to fairly Coordinator Opiiieen
wpare the results of the optimization o Jfff]’:w i
EVALUATION | OptimizEEM
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COMPARISON:

= INTA/UAH, SVM model with mixed a-priori (4 samples) / adaptive sampling (66 samples)
using the Intelligent Estimation Search with Sequential Learning (IES-SL) infill criteria

= ONERA, Kriging model with a-priori LHS sampling

= VUT, ANN model (12 LHS + 58 LOLA-Voronoi ) with mixed a-priori (12 samples) / adaptive
(58 samples) LOLA-Voronoi sampling

= CIRA, POD/RBF model with mixed a-priori (24 samples) / adaptive (46 samples) sampling
through ad-hoc in-fill criteria

= CIRA, Kriging model with mixed a-priori (24 samples) / adaptive (46 samples) sampling
through Expected Improvement maximization

= UNIS, Gaussian Process + Radial Basis Function Network ensemble with a-priori samples
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RAE2822 - black squares RAE2822 - black squares

INTA - blue circles DP1 INTA - blue circles DP2 RAE2822 - black squares
ONERA - green triangles ONERA - eemrlanges INTA - blue circles
CIRA EGg Gg ONERA- green triangles

- red diamonds CIRA_E
) CIRA_EGO - red diamonds

X
RAE2822 - black squares
DP1 UNIS - uueclrdae DP2 RAE2822 - black squares
VUT - n arges UNIS - blue circles
cmgg'b red diamonds VUT- green tri.

CIRA_POD - red xnnnds
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_______________|Objective Function

RAE2822
CIRA-POD
CIRA-EGO
INTA/UAH
ONERA
UNIS

VUT

1

0.6266
0.6236
0.6211
0.6498
0.6338
0.7063

Cross-validation of the optimized geometries
(using TAU and ZEN, 3 mesh levels)
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The following surrogate models have been tested:

Kriging

Support Vector Machines for Regression
Radial Basis Functions

Proper Orthogonal Decomposition
Artificial Neural Networks

Ensemble methods

1. The accuracy of the surrogate models strongly depends on the sampling and the
objective of the surrogate:

If the objective is to provide general predictions, an a-priori LHS sampling in combination or not
with Lola-Voronoi sampling seems to be a good option (as concluded from VUT, UNIS and
ONERA results).

If the objective is to better predict those regions of the design space where the optimum is
located, then a mixed a-priori and adaptive sampling is recommended, as can be concluded
from INTA and CIRA results.

e

ye /v e
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AG52 overview Dissemination & Future

2. Best results were achieved by the adaptive Kriging and SVMr optimization
approaches. Ensemble methods showed poor performance on the performed tests,
probably due to a not optimal sampling for the training phase.

3. Surrogate-based global optimization has been demonstrated to be feasible for
aerodynamic design in case of high number of design variables (tested on 36 DVs).

4. The selection of the number and location of the control points in a volumetric
NURBS parameterization (design parameters) is a crucial step, and strongly
determines the range of solutions and performance of the optimization algorithm. In
particular, for the RAE 2822 case, the improvement in the OF was 15% higher when
using an appropriate number of control points

Consult the complete AG52 report e
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Organization of 4 Minisymposiums:

= ECFD 2014: ECCOMAS European Conference on
EURQGEN Computational Fluid Dynamics. July 2014, Barcelona

(Spain). http.//www.wccm-eccm-
ecfd2014.org/frontal/Dates.asp

= EUROGEN 2013: International Conference on
Evolutionary and Deterministic Methods for Design,
Optimization and Control. 7-9 October 2013, Las 22/07/2014 16:30 - 16:30 G P
Pa|maS de Gl’an Canarla (Spaln) Surrogate-b-ased {::‘IobaIOptimization Methods in Preliminary MS102A

Aerodynamic Design | Chair Esther Andrés

http_//WWVV_ euroqen20 13 UIDGC_ eS/ Minisymposium orgamized by Esther Andrés and Emifiano [uliano CalChair: Emiliano luliano

Adaptive sampling strategies for surrogate-based aerodynamic optimization
Emiliano luliano and Domenico Quagliarella

L i PCA-enhanced metamodel-assisted evolutionary algorithms for asrodynamic optimization
16:30: Minisymposia 4 =
Varvara G. Asouti. Stylianos A. Kyracou and Kynakos C. Giannakoglou
Surrogate-Based Optimization Methods in Aercdynamic Design.
Session Chairman: D. Quagliarella, CIRA, Italy
Organizers: E. Andrés, INTA, Spain and E. luliano, CIRA, Italy, eandres@isdefe.es, e.iuliano@cira.it Surrogate-based Optimization of the Nose Shape of a Train subjected to Cross-wind

Main Room. Jorge Muncz-Paniagus. Javier Garcia and Anfonio Crespo

MS4 Philipp Amtsfeld, Dieter Bestle and Marcus Meyer. Direct 3D Aerodynamic Optimization of Turbine Blades

with GPU-accelerated CFD Fast aerodynamic coefficients prediction using SVMS for global shape optimization
MS4 Gianluca Badjan, Carlo Poloni, Andrew W. Pike and Nadir Z. Ince. Evaluation of Surrogate Modelling Esther Antds-Ps L Ko Care Calvo and. Sancho: Salcete o
Methods for Turbo-machinery Component Design Optimization =R ATRIES foler, DEORUIHY AU Ll SN oRUER firetiieadnZ

MS4 Emiliano luliano and Domenico Quagliarella. Wing shape optimization by surrogate modeling
MS4 Jorge Murioz, Javier Garcia and Antonio Crespo. Multi-objective aerodynamic optimization of high-speed
trains in tunnels

MS4 Konstantinos Tsiakas, Xenofon Trompoukis, Varvara Asouti and Kyriakos Giannakoglou. Design- CED simulations [

Optimization of a Compressor Blading on a GPU Cluster

Khairy Elsayed and Chris Lacor

An automatic aerodynamic design process in a multi-disciplinary context

Davide [ Pasquale, Camen Holden, Timoleon Kipouros and Mark Savill



http://www.wccm-eccm-ecfd2014.org/frontal/Dates.asp
http://www.eurogen2013.ulpgc.es/

GRARTEVUR
AD-AGS2Z

Participation in congresses (2I3)

AG52 overview

\ 4

Technical Progress

= ECFD 2016: ECCOMAS European
Conference on Computational Fluid

Dynamics. June 5-10, Greece

Friday, June 10
9:00-11:00

Room 23

MS 1011 - 1: SURROGATE-ASSISTED EVOLUTIONARY
ALGORITHMS IN AERODYNAMIC
DESIGN/OPTIMIZATION

M3 Orgonizers:  \Wanvara Asouti, Esther Andrés, Emiliano luliano

Chair:  Varvara Asouti

8857 A NOVEL IMPLEMENTATION OF COMPUTATIONAL

AERODYMAMIC SHAPE OPTIMISATION USING MODIFIED
CUCKOD SEARCH AND REDUCED ORDER MODELLING
David Stefan Noumann, 8en Evans, Ouboy Hassan

6765  MULTIOBIECTIVE OPTIMIZATION WITH GAUSSIAN PROCESS
FOR DISTRIBUTED COMPUTING

lonathan Geerra, Patricia Klotz, Fobrice Gomboa, Potrick
Cottioux, Nicolos Dolin

B40T  ON THE INFLUENCE OF A PRIORI SAMPLING METHODS ON
SURROGATE MODELS ACCURACY IN AIRCRAFT AERODYNAMIC
DESIGN OFTIMIZATION

Rawl Yomdo, Esther Andrés, Eusebio Valero

9174  MULTI-FIDELITY EXTENSION TO MON-INTRUSIVE PROPER
CRTHOGOMAL DECOMPOSITION BASED SURROGATES
Tarig Benamara, Piotr Breitkopf, 1. Lepot, Caroline Sainvity
11229 THE RBFAAERD BEMCHMARK TECHNOLDGY PLATFORM
Maossimo Bernaschi, Alessondro Sabellico, Giorgio Ursa,
Emiliano Costa, Stefono Porziani, Fobrizio Lagosca, Corrodo
Groth, Ubaldo Cello, Morco Evangelos Biancolini, Dimitrios
H.Kopsoulls, Varvarg G. Asouti, Kyriokos C. Gionnakoglou

& HRGNLOY

= EUROGEN 2017: International
Conference on Evolutionary and
Deterministic Methods for Design,
Optimization and Control. September
2017, Madrid (Spain).
htto.//eurogen2017.etsiae.upm.es



http://eurogen2017.etsiae.upm.es/
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Technical Progress

Participation (full papers) at:

EUROGEN 2013, 2015, 2017
ECCOMAS 2014, 2016
EUCASS 2015

Evolution of AG52 contributions to international conferences

2013

B Number of contributions (full papers)

2014

B Number of AG52 partners involved in conferences

5
4 4 4
3 3 3
2 2 2
1 1
|

2015 2016

B Number of conferences attended
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Emiliano luliano, Esther Andrés. Application of ~ Esther Andrés, Leo Gonzalez, Jaques Periaux,

surrogate-based global optimization to Nicolas Gauger, Domenico Quagliarella,
aerodynamic design. Springer Tracts in Kyriakos Giannakoglou. Evolutionary and
Mechanical Engineering. ISBN 978-3-319- Deterministic Methods for Design Optimization
21505- 1. 2016. and Control With Applications to Industrial ana

Societal Problems. Springer Computational
Methods in Applied Sciences. ISBN 978-3-
| Esther Andeés-Pérez - Leo M. Gonzdlez
L Y Jacques Periaux - Nicolas Gavger 319-89890'2 January 2019

Emiliano luliano Domenico Quagharella
Esther Andrés Pérez Editors g | Fyridkos Glannakeglou Fditors

Springer Tracts in Mechanical Engineering gt of s bl Wt himds 0 b ggiond e

X lication of Evolutionary and
Sl[l)rprogate-ba sed | Deterministic Methods for

Global Optimizationto | “NEGREoNhApplctions
Aerodynamic Design to Industrial ang Sodcietal
Problems

@ Springer \a Springer
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428 Universidad
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Aviation

Adminicteatinn _ 1

SURROGATE-BASED GLOBAL OPTIMIZATION METHODS IN AERODYNAMIC DESIGN

PARTICIPANTS DOCUMENTS BLOG DOWNLOADS CONTACT

WORK STRUCTURE

The proposed work _structure for this AG is application-driven, and it is composed of 3 tasks, as it is
shown in the following picture:

AG52: SURROGATE-BASED GLOBAL OPTIMISATION
METHODS IN PRELIMINARY AERODYNAMIC DESIGN

Task 2
Industrial-relevant
configurations

Task 3
“Best Practice”
Guidelines

Task 1
Basic configurations

To make
studies of partners’
simulations to highlig
benefits and drawbacks of
different

To validate the
gained from T1 in designing

To give a clear statement about the
possibllities and restrictions in using
SBGO methods. To faciltate their
use In aeronautic Industries

Teu 1 BH com o Tk Lo EIA)
EG7TCIY | RAE®22 RANS o
EGG7.1C12___| DPWI EULER vang (TC Coordimator INTA)
Tank 2 Industy wian confsraion (Tovk abdnr INTA)

€0G7-TC21 | DPWI RANS wig (C Coondnator CIVA

G662 | DUR 16 AANS vanybody coniaurtion (TC Coordmator 7]
Task 3 Best-practice guidelines (Task Loader INTA-CIRA)

A(TC Coordnstor CIRA)

In Task 1, partners will, in a first step, perform an assessment of different surrogate methods (task
1.1) based on the following rules:

* An upper limit in the computational effort will be agreed for sampling the design space and
training the surrogate in terms of high-fidelity CFD runs

o Farch nartner will docide haw ta camnle the desian enare (awn NaE)

GARTEUR AD/AG52

SURROGATE-BASED GLOBAL OPTIMIZATION METHODS IN AERODYNAMIC DESIGN

WORK STRUCTURE

DOWNLOADS CONTACT

PARTICIPANTS m BLOG

AGS2 organized a
minisymposium at
ECCOMAS 2014

Share It

© 0iEW Aspslnimsnt asdast

Follow by Email

:

Recent Posts

Minisymposim.on
"Surrogate-based global
optimization methods.
The GARTEUR AG52
organized

a Minisymposim on
"Surrogate-based

global
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SURROGATE-BASED GLOBAL OPTIMIZATION METHODS IN AERODYNAMIC DESIGN

Participants

(&

ONERA

éFol

AIRBUS
MILITARY
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5 SOk
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494 de Alcald

e

Aeronautics
News from NASA

NASA Tums Over
Next-Generation
Air Traffic
Management Tool
to Federal
Aviation

WORK STRUCTURE

DOCUMENTS

BLOG DOWNLOADS CONTACT

PARTICIPANTS

This action group consists of 9 partners from 5 GARTEUR state
ers (Spain, France, Italy, Sweden, United Kingdom) and 1

w

non-GARTEUR country (Czech Republic), including:

+ 2 industries (AIRBUS Miltary, SAAB)

+ 4 research establishments (INTA, CIRA, FOI, ONERA) |

« 3 universities (UAH, UNIS, VUT)

The Chairperso
chairman is En

no Iuliano

The Monitoring Responsible (MR) of the Action Group will be

Fernando Monge from INTA.

is Esther Andrés (INTA) and the Vice

(CIRA).

The following table shows the involved organizations and their point of contacts (PoC):

News

Next AG52 meeting wil
take place on the 23rd
of September at FOI
(Sweden)

AG52 organized a
minisymposium at
ECCOMAS 2014

Share It

View stats

© v A

Follow by Email

GARTEUR AD/AG52

Participants

Een

tiFol

AIRBUS

e
@ sans
& SURIKEY
gé\ Univer ‘_mm

A de Aleals

Aeronautics
News from NASA

NASA Turns Over
Next-Generation
Air Traffic
Management Tool
to Federal
Aviation

DOCUMENTS

Basic documents
= AD/AGS2 technical proposal
+ GARTEUR rules and procedures
« AG62 Technical report template
« Agenda
« Partners presentations
+ Minutes & Actions List
« Agenda
« Partners prasentations
= Minutes & Actions List
AGS2 foll e

* Presentation

(5th April, 2013)

+ Minutes & Actions List

AGS52 foll (8th 2013)

= Partner presentations

= Minutes & Actions List

News

Hext AGS2 meeting wil
take place on the 23rd
of September at FOI
(sweden)

AGS52 organized a
minisymposiur at
ECCOMAS 2014

Share it

[ rweetmis

View stats

@ 1uev0 anoainiment assast

Follow by Email

Recent Posts

Minisymposim o
"Surrogate-based global
aptimizaiion methods.
The GARTEUR AG52
organized

a Minisymposim on
"Surrogate-based
global

WORK STRUCTURE

PARTICIPANTS

SURROGATE-BASED GLOBAL OPTIMIZATION METHODS IN AERODYNAMIC DESIGN
DOCUMENTS m DOWNLDADS

CONTACT

Country Organization PoCs Department
CZECH wor Petr Dvorak Institute of Aerospace Engineering -
REPUBLIC Robert Popela Recent Posts
Gerald C: Applied Aerod: Di rt it
FRANCE onERA erald Carrier pplied Asrodynamics Departmen Mir i
Jacques Peter Numerical Simulation Department "Surrogate-based global
ITALY CIRA Emiliano luliano Computational Fluid Dynamics Laborator, lzation methods
R REDS o - - The GARTEUR AG52
R David Funes Aerodynamics Department organized
Military a Minisymposim on
SPAIN INTA Esther Andrés Fluid Dynamics Branch Q‘S:b’;fgale'basm

News

AIRBUS

LI TARY
©sase
- SURREY

iveersiclad
fé"; ‘£J= Aleals

The: GARTEUR AGSZ org; la

=hape design’ during the international conference ECCOMAS CFD

Thank you very much to all the speakers?!

th. World Congress an

Computational Mechanics

(WECH 1)

20 - 25 July 2004 - Barcelonn, Spain

Tl 0 R0
e e

1or

based giolal apbimizaton methods for ]
2074, which took place in Barcelona 20-25 July

Sth. European Conference on
Computational Mechanics
(ECCM V)

6ith. European Conference on
Computational Fluid Dynamics
(ECFD V1)

- o
i i Frliminary

Farticipants Thuraay, July 3 4
Minisymposim on "Surrogate-based global optimization e
methods for acrodynamie shape design” at ECCOMAS CFD 2014 ;’s’vf;'g;'rb" atFol

AGAZ arganized a
minisymposium a1
ECCOMAS 2014

Share It




GRARTEVUR
AD-AGS2Z

EU Funding attempts: GANDIA

AG52 overview

A 4

Technical Progress Disse ation & Othe

i

> GANDIA ™

MULTI-FIDELITY, MU'I_.TI—DI.S(.IPLINARYI ROBUST

INTEGRATED FRAMEWORK FOR HIGH PERFORMANCE
AIRCRAFT DESIGN

List of participants

% ’& Participant No. | Participant organisation name Short name | Country
- T
%, / 1{Coordmator) | CENTRO ITALIANO RICERCHE CIRA IT
% e % AEROSPAZIALT SCPA
= =S 2 UNIVERSITY OF STRATHCLYDE 5U UK
3 CPTIMAD ENGINEERING SEL. OFT IT
Global AerodvNamic Design for Innovative Aircraft DEUTSCHES ZENTRUM FUER. LUFT UND DLE. DE
RAUMFAHRT
Work Programme fopics addressed: 5 AIFETUS DEFENCE AND SPACE GMBH ADS DE
. ) - 6 DASSAULT AVIATION DAV FR
MG-1.5-2014 (Breakthrough innovation for European Aviation)
7 INSTITUTO NACIONAL DE TECNICA INTA ES
MG-1.1-2014 (Competiiveness of European Aviation through cost efficiency and innovation) AFROESPACIAL ESTERBAN TERRADAS
Duration: 36 months 8 CFFICE NATIONAL DETUDES ET DE ONE FR
RECHERCHES AEROSPATIALES
Coordinator: Dr. Esther Andrés (Fluid Dynamics Branch — INTA), 7] NS TITUT DE FECHERCHEET BT IR
emdres@isdefe.es, +34.91.520.20.30 TECHMNOLOGIES ANTOINE DE SAINT
. . EXUPERY
List of participants
Pardcipant Ne | Participant organisation name Country
I* INTA - INSTITUTO NACIONAL DE TECNICA Spain 1. Excellence
AERUESEAGIAL The future of the aeros, tor is facing th challenges of being abl ond effectivel
- - pace sector is facing the enormous es o . able to respond effectively
2 ‘l‘J{ElIJS _.J%QJSEP?YSI]JNY 853;}'2?_5{ Umt?__d :(mgdom and efficiently to mcreased volumes, increased demand for performance, mereased need for
3 : Ay sustainability and safety. It is therefore crucial ensuring that the aerospace industry is able to generate
4 K%éﬁgAﬂONAL TECHNICAL UNIVERSITY OF Greece imovation and introduce disruptive technologies in a consistent manner. To this end, being capable to
3 USTL - UNIVERSTTE DES SCIENGES ET France e eangcdec ?‘Yﬂmmfﬂi“m the Jeved of wmcestututy nd malke wae ot s koot g
=z esign process in a timely and cost-effective manner' 1s emerging as an unavoidable necessity
TECHNOLOGIESDE LILLE-LILLE | P o e
6 ONERA - OFFICE NATIONAL D’ETUDES ET DE France £n = 3
RECHERCHES AEROSPATIALES The currently adopted approach to aireraft design is based on the paradigm of a series of different stages,
7 CIRA - CENTRO ITALIAND RICERCHE AEROSPAZIALI ltaly ing from conceptual, preliminary and progressing up to the final detailed design phases. Within this
SCPA fmmmork, the adoption of fast approximate methods (commonly referred to as surrogates) for the
8 gbﬁwﬁ%ﬁgﬂgﬂwe! ENgg,ll\?%ﬁbl\l;lUCHT_ EN The Netheriands evaluation of the design solutions is predominant Early stages of the design are almost exclusively
- relying on various types of surrogates and the use of expensive (in terms of time and cost) but very
J EAES. CASRGONS IRUCCIONES AERONALIGAS Spain zccurate methods it allowed only when the final detailed desion stages are reached. :
10 NUMECA - NUMERICAL MECHANICS APPLICATIONS Belgium !
INTERNATIONAL SA One major concern with this approach 1s the limited ability to explore confidently non-classical design
11 PAI - PIAGGIO AERO INDUSTRIES 5.P.A. Italy solutions (e.g. radically different confizwrahions and/er aircraft performance over extended flight
12 FOI - SWEDISH DEFENCE RESEARCH AGENCY Sweden envelopes) due to the potentially high inaccuracy of existing surmogates. Not being able to confidently
13 USOL - UNMANNED SOLUTIONS, SL. Spain introduce and evaluste “black sheep™ solutions in the early phases will make it unlikely that these will
14 AGI - AIRBUS GROUP INNOVATIONS Erance emerge in later stazes and the desizn process will very likely be evolutionary other than revolutionary.
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ML4AERO main objective:

Machine learning techniques commonly used in the area of Artificial Intelligence (Al) and Data Mining (DM) can
represent a valuable support to reduce the computational cost required for UQ analysis: given the big amount of data
produced during optimization under uncertainty, the adoption of data-driven models and their continuous updating may help
to save computational time in later design stages.

The objective of this proposal is to research in the application of machine learning and data-driven approaches for
aerodynamic optimization and uncertainty quantification.

EG77 delivered the full AG proposal on March 2020

Duration: @ <<C.RA onera  QFOI ‘#7 W opTivaD
E FRENCH AEROCSPACE LAB 8 DLR .
Y

» AG Kick-off (webex): November 2020 -

. : fr—\ — =
End date: November 2022 % ( ( . g'}'%’éﬂ{g @ 4
AIRBUS S, TR 2L — 3
MiLTary AIRBUS ¥

Chairpersons:

= Chairperson: Esther Andrés (INTA)
= Vice-Chair: Emiliano luliano (CIRA) - Emiliano will leave CIRA, probably Domenico Quagliarella (to be confirmed)
= Monitoring Responsable: Fernando Monge (INTA)
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ML4AERO partners:

Country Organization PoC E-mail
THE NLR Fobert Maas Eobert Maas@nlr.nl
O 12 organizations from 6 GARTEUR state ;‘;:EELAE’S BI{ERA ?Olm 1;”’:: '}’-""‘"‘c‘ﬁ;‘?‘fe’g‘f-ﬂ -
NC Iy : acques Peter acques. Peter@onera.
members (ESP’ FRA’ DEU’ lTA’ NLD’ SWE) IRT Anne Gazaix anne. gazaix@irt-samtexupery. com
. ) Matthias De | matthias delozzo@irt-
U 2 industries (A|RBUS D&S and AlRBUS) and Lozzo sainteXUperv.com
1 SME (OPT|MAD) INRIA Angelo Iollo angelo ollof@inna fr
ITALY CIEA Emiliano Tuhiano | emuliano@cira it
. OPTIMAD Haysam Telib haysam.telib{@optimad.it
Q 9 research establishments (CIRA, NLR, UT, CERMANY DIR Philipp
INTA, DLR, FOI, ONERA, IRT and INRIA) Bekemeyer Philipp Bekemever@dir de
SWEDEN FOI Olivier olivier amoignon/@foi se
Amoignon
SEAIN ATRBUS- Eff;g debucs sergio.delucasi@airbus.com
Viltary Daniel Gonzalez | damiel sonzalez (@airbus.com
AIRBUS ﬂz";l&:’iﬁ: daniel redondo/@airbus.com
INTA Esther Andrées eandres(@isdefe es

Most of the partners in this proposal (INTA, CIRA, ONERA and
AIRBUS-Military) have previous experience in the surrogate
modelling field. In particular, they contributed to a previous
GARTEUR AD/AGS52.
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Objectives:

O O1: Extensive comparison of deep learning, surrogate models and machine learning techniques >

for prediction (Cp plots, etc.)

O O2: Exploit the potential of data fusion (Multi-fidelity). Heterogeneous data from different sources (CFD

with different precision, wind-tunnel, flight test data, etc.)
O O3: Uncertainty quantification and management

o Explore different techniques (e.g. clustering,
dimensionality reduction, neural networks, SVM, deep
learning, etc.) on big datasets (e.g., flow fields,
past/ongoing optimization data,...) for knowledge
extraction & prediction

o Main focus not on techniques, but rather on which data
should be fed to ML to really improve the whole process
performance

Task 1: Aerodynamic analysis and
prediction of aerodynamic features

ML4AERO Task 2: Data fusion and multi-fidelity

heterogeneous data management

Task 4: Best
practices guidelines

Task 3: Uncertainty quantification
and management
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Use of common test cases and data bases to be provided The Airbus XRF-1 configuration will be

by AIRBUS:

O TC1: XRF1 geometry + CFD + wind tunnel data (Airbus
will support the EG77 application as a part of XRF1 research
consortium).

used as the reference geometry to
demonstrate the capabilities of the
machine learning in a realistic
application. This figure shows the XRF1
geometry as a wing/fuselage/tail

0 TC2: Large database of approx. 7000 aircraft points configuration.

(simulated with RapidCFD) representing different aircraft

configurations for internal use on Al/DL topics based on Source: DLR project Kroll, N., Abu-Zurayk, M.,
Airbus internal geometries (including geometry variations). It Dimitrov, D. et al. Digital-X: towards virtual
is possible that an equivalent database based on geometry  aircraft design and flight testing based on high-
of lower sensitivity could be created and provided > fidelity methods. CEAS Aeronaut J (2016) 7: 3.
parameterization could be also provided.

Link between objectives and test cases:

0 O2 and O3 will use TC1
O O1 and O3 will use TC2 (maybe also O2 if XRF1 is included
in TC2, or if the group runs extra CFD RANS simulations)
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Technical Details:

Task 1: Task 2: Task 3:
Aerodynamic Data fusion Uncertainty
analysis gquantification
INTA Surrogate model based | Research on SWRs to | -
on SVEs to predict | exploit and manage
aerodynamic features | multi-fidelity data
(database 2)
CIRA KPLS, Surrogate | Additive and | PCA + Kriging
models  Mixture of | multiplicative variable- | surrogate for
Experts (MOE) to | fidelity model, multi- | predicting the statistical
predict aero-data fidelity Kriging and Co- | moments  and  risk
Kriging measures of the full
model cutputs
NLR ML/DL autgencoders | - Bayesian methodsz
with neural networks combined with ML/DL
ONERA From basic machine- | - Polynomial chac: &
learning surrogates to compressed sensing to
deep learning neural efficiently predict
networks for statistical moments
approxitation of
aerodynamic data
IRT Mixtures Of Experts | - Statistical moments and
based on Kriging risk measures estimated
and/or Polynomial by PCA + Polynomial
Chaos Expansion Chaos Expansion
AIREUS Generation of the DB2 | - Generation of the DB2
database database
AIREUS-Military Surrogate model based | Research on HOSVD to | -
on HOSVD, POD, | exploit and manage
Kriging  to  predict | multifidelity, EKriging
aerodynamic features | and Co-Kriging
FOI Auto-encoder = GPR | - PCE (Polynomial Chaos
vs POD+GPR for Expansions)
asrodata prediction

SVM Nenral Kriging HOSVD Polynomial | Mixture
Networks Chaos Of Experts
Expansion
INTA Scikit- MLP = |- - - -
learn TensorFlow
Support
Vector
Eegreas
o
(SVE)
CIRA Scikit- Scilat-learn | In-house SUITE | - - -
learn MLP, Eeras
Support | + Scikit-Tearn
Vector | TensprFlow | GaussianProcess
Regress Regressor
L
(3VE)
NLR Seikit- - - - -
learn,
Eeras,
Tensorflow
ONERA Scikit- Scikit-learn | SMT tool-box & | - - -
learn & In-house
In-house
IRT - - OpenTurns, - OpenTuns,
Scileit-Learn, GEMS Seikit-
GEMS Learn,
GEMS
AIREBUS - - - - - -
AIREUS- Caret In-house tools | In-house - -
Military library in B | development tools
development.
FOI Scikit Seikit- Scikit-Learn - - B
SVM & | Leamn, GapssianProcess
SVR Tensorflow | Regressor
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Proposal info.: Participant 2020 2021 2022 TOTAL
PM | CC | TC |PM | CC| TC | PM | CC | TC | PM | CC | IC

INTA 15] 513 |10]2 15|51 6 |20] 4

= CIRA 1o |12 ]o0 2101 4] 0]a
Participant NLR 1ol 120210134 0]a
Data preparation UT 110 ] 1120|210 1] a4]o0]a
Task 1 ONERA 15| 5 1 {15 5|1 ]15] s 1 45|15 | 3
Task 2 IRT 7| - |11 ] -1 1] -]1]6]-13
Task 3 INRIA 1|t ]1]2]z2]212]12]11]5]5]5
- FOI 1505 |1 |15]10] 2 [15] 5 | 1 45|20 4
Final report AIRBUS 2 |8 | 1 |15 1| 2]15]1 |15 |10]4
Meeting ATRBUSMilitary | 15| 0 | 1 | 3 | 0 | 1 ]05] 0 |0 ] 5 | 0|2
OPTIMAD 2 [ 3|13 |32 316 |94

DLR 1]o1]2]0]2 0 1] 4|04
TOTAL 58 | 79 | 45

?

= Spain = France = Sweden Italy = The Netherlands = Germany

® Industry = Research centers

PM distribution by country (note that AIRBUS has been included PM distribution by sector
in Spain effort, although it is a European Consortium)
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