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Innovation in Aeronautics
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Towards the next Generation MDO
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• HPC capabilities and simulation distribution

• Automation of analysis capabilities

2) second (~00-today)

• Integration of expertise in the collaborative optimization

• Knowledge formalization of process and disciplinary domains

3) third (next gen)
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3rd Gen. MDO: a system of distributed competences

1) first (~80)

• Disciplinary Simulation and optimization capabilities

• Optimization Strategies for low computational power
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„Having Tools“ is not „Having Skills“
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EU funded H2020 project: 06/2015-11/2018
• 19 International Partners (EU, Russia, Canada)

• ~ 9M EUR, ~120 MM

• Coordinated by DLR in Hamburg

• EU project dedicated to next generation MDO processes http://agile-project.eu
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Speed of Innovation in Aeronautics
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▪ Aircraft Product Development →large number of parts and design sub-processes

▪ Cross-organizational → distributed and heterogeneous knowledge and expertise

▪ Much more constraints → higher level integration of design aspects 

Can we accelerate aircraft 

development via MDO?

source: dlr.de

Tomorrow ?

Number of parts: 6 millions

Design changes per year: 150 000

Today (~10 years from TLAR to flight)
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Requirements

Design for X strategy

Architectural Decisions

process formulation

Aircraft Development and MDO process
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design competence

decision making

mfuel referenceAreaRefmOEM sTOFL mTOM mPayload mWingsStructure

mfuel 1 0.77475061 0.5901419 -0.52772317 0.8597251 -0.02118287 0.59409394

referenceAreaRef0.77475061 1 0.90083689 -0.93689985 0.86817278 0.00446513 0.94870478

mOEM 0.5901419 0.90083689 1 -0.88659848 0.78454296 0.00708453 0.95603157

sTOFL -0.52772317 -0.93689985 -0.88659848 1 -0.7002977 -0.00702965 -0.96085888

mTOM 0.8597251 0.86817278 0.78454296 -0.7002977 1 0.02012187 0.73875977

mPayload -0.02118287 0.00446513 0.00708453 -0.00702965 0.02012187 1 0.01442351

mWingsStructure0.59409394 0.94870478 0.95603157 -0.96085888 0.73875977 0.01442351 1

mWingStructure_Wing_tot10.53661584 0.92160693 0.95056012 -0.95475262 0.68872614 0.01561439 0.99672097

mWingStructure_Wing_tot20.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278

mWingStructure_Wing_tot30.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555

mWingStructure_Wing_Skin10.27839032 0.75400829 0.88368289 -0.8645486 0.46411714 0.02566847 0.92209726

mWingStructure_htp0.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278

mWingStructure_vtp0.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555

mFuselagesStructure0.10658257 0.05694498 0.36732586 0.01427539 0.29357486 -0.01817547 0.08671056

mLandingGears0.70896885 0.91233893 0.91096308 -0.84335459 0.8799775 0.03265137 0.88192751

mSystems 0.09013604 0.0475302 0.3469075 0.01813524 0.27962545 -0.03345366 0.07649606

LCMachNumb-0.36854397 -0.6777704 -0.60821795 0.78493715 -0.47936188 -0.01389582 -0.66451279

cgPos 0.78521395 0.98502911 0.88419102 -0.90537791 0.89101166 0.00401476 0.92014262

Power 0.99754193 0.73891472 0.537597 -0.47997566 0.83689185 -0.02579698 0.54480898

alpha -0.69495233 -0.97340661 -0.89300009 0.96880859 -0.79744005 -0.00247523 -0.95341854

+ new requirement

change strategy

change architecture

reconfigure

+ new capability

Lack of agility

MDO process execution

update

implementation

Setup phase: 60% – 80% project time*

*survey of last 20 years of MDO RTD oriented projects [3-5 yrs],
source: p.d. ciampa, b.nagel, "The AGILE Paradigm: the next generation of collaborative MDO“

AIAA 2017-4137
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AGILE Ambition
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Objectives:
• Realize the next generation of MDO processes

• Reducing aircraft MDO development time 40%

• Enabling Collaborative Aircraft Design

Accelerate the setup of large scale collaborative distributed processes

Support collaborative operation of design systems: people and tools

Efficient collaborative Optimization techniques

AGILE Configurations
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What do we need for the next generation MDO?
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1

design competences

2

common languages

3 4

knowledge 

integration


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
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Power Equation LP Spool
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
COM


COM

Power Equation LP Spool

Power Equ. HP Sp.

HPT Cooling

design process 

orchestration

AGILE - next generation of collaborative MDO

ICAS AWARD FOR INNOVATION IN AERONAUTICS – Björn Nagel, Pier Davide Ciampa, DLR - November 9, 2018

AGILE Paradigm: “a blueprint for collaborative MDO deployment”



AGILE Paradigm – Participative Roles
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Design Task

MDAO Process

Collaboration

Design Competence

COM

COM

Power Equation LP Spool

Power Equ. HP Sp.

HPT Cooling

COM

COM

Power Equation LP Spool

Power Equ. HP Sp.

HPT Cooling

▪ Formulate the integration and
optimization strategy

▪ Formalize the MDO process(-es)

▪ Provide Design Capabilities

▪ Formalize the disciplinary
knowledge

▪ Enable the collaborative
operation of the system

▪ Formalize the collaborative
process(-es)

▪ Define the design task and
product metrics

▪ Formalize the design phases
and process(-es)

Architect Collaborative Eng.

SpecialistIntegrator
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Participants
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AGILE Paradigm – Knowledge Layers
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▪ Requirements Modeling and Management

▪ Formalization of Product Development Process (PDP)

…
Preliminary 

design

Conceptual 

design

Product development stages

Execute 

MDAO 

workflow

AGILE Paradigm - Development phases
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Define 

design case

Specify 

design 

competence

Formulate 

MDAO 

architecture

Execute 

MDAO 

workflow

Inspect 

design study

AGILE product development process

1 2 3 54
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AGILE Development

Formalization

AGILE Development

Implementation



AGILE Paradigm – Model Based Framework
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AGILE Framework

Requirements

Design for X strategy

design process

design tools

decision making

mfuel referenceAreaRefmOEM sTOFL mTOM mPayload mWingsStructure

mfuel 1 0.77475061 0.5901419 -0.52772317 0.8597251 -0.02118287 0.59409394

referenceAreaRef0.77475061 1 0.90083689 -0.93689985 0.86817278 0.00446513 0.94870478

mOEM 0.5901419 0.90083689 1 -0.88659848 0.78454296 0.00708453 0.95603157

sTOFL -0.52772317 -0.93689985 -0.88659848 1 -0.7002977 -0.00702965 -0.96085888

mTOM 0.8597251 0.86817278 0.78454296 -0.7002977 1 0.02012187 0.73875977

mPayload -0.02118287 0.00446513 0.00708453 -0.00702965 0.02012187 1 0.01442351

mWingsStructure0.59409394 0.94870478 0.95603157 -0.96085888 0.73875977 0.01442351 1

mWingStructure_Wing_tot10.53661584 0.92160693 0.95056012 -0.95475262 0.68872614 0.01561439 0.99672097

mWingStructure_Wing_tot20.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278

mWingStructure_Wing_tot30.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555

mWingStructure_Wing_Skin10.27839032 0.75400829 0.88368289 -0.8645486 0.46411714 0.02566847 0.92209726

mWingStructure_htp0.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278

mWingStructure_vtp0.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555

mFuselagesStructure0.10658257 0.05694498 0.36732586 0.01427539 0.29357486 -0.01817547 0.08671056

mLandingGears0.70896885 0.91233893 0.91096308 -0.84335459 0.8799775 0.03265137 0.88192751

mSystems 0.09013604 0.0475302 0.3469075 0.01813524 0.27962545 -0.03345366 0.07649606

LCMachNumb-0.36854397 -0.6777704 -0.60821795 0.78493715 -0.47936188 -0.01389582 -0.66451279

cgPos 0.78521395 0.98502911 0.88419102 -0.90537791 0.89101166 0.00401476 0.92014262

Power 0.99754193 0.73891472 0.537597 -0.47997566 0.83689185 -0.02579698 0.54480898

alpha -0.69495233 -0.97340661 -0.89300009 0.96880859 -0.79744005 -0.00247523 -0.95341854

MDO execution

+ new requirement

change strategy

change architecture

reconfigure

update

implementation

+ new capability

AGILE PDP - MBSE

VIST   MS
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AGILE Framework – Cross-organizational
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AGILE Framework

Requirements

Design for X strategy

design process decision making

mfuel referenceAreaRefmOEM sTOFL mTOM mPayload mWingsStructure

mfuel 1 0.77475061 0.5901419 -0.52772317 0.8597251 -0.02118287 0.59409394

referenceAreaRef0.77475061 1 0.90083689 -0.93689985 0.86817278 0.00446513 0.94870478

mOEM 0.5901419 0.90083689 1 -0.88659848 0.78454296 0.00708453 0.95603157

sTOFL -0.52772317 -0.93689985 -0.88659848 1 -0.7002977 -0.00702965 -0.96085888

mTOM 0.8597251 0.86817278 0.78454296 -0.7002977 1 0.02012187 0.73875977

mPayload -0.02118287 0.00446513 0.00708453 -0.00702965 0.02012187 1 0.01442351

mWingsStructure0.59409394 0.94870478 0.95603157 -0.96085888 0.73875977 0.01442351 1

mWingStructure_Wing_tot10.53661584 0.92160693 0.95056012 -0.95475262 0.68872614 0.01561439 0.99672097

mWingStructure_Wing_tot20.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278

mWingStructure_Wing_tot30.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555

mWingStructure_Wing_Skin10.27839032 0.75400829 0.88368289 -0.8645486 0.46411714 0.02566847 0.92209726

mWingStructure_htp0.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278

mWingStructure_vtp0.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555

mFuselagesStructure0.10658257 0.05694498 0.36732586 0.01427539 0.29357486 -0.01817547 0.08671056

mLandingGears0.70896885 0.91233893 0.91096308 -0.84335459 0.8799775 0.03265137 0.88192751

mSystems 0.09013604 0.0475302 0.3469075 0.01813524 0.27962545 -0.03345366 0.07649606

LCMachNumb-0.36854397 -0.6777704 -0.60821795 0.78493715 -0.47936188 -0.01389582 -0.66451279

cgPos 0.78521395 0.98502911 0.88419102 -0.90537791 0.89101166 0.00401476 0.92014262

Power 0.99754193 0.73891472 0.537597 -0.47997566 0.83689185 -0.02579698 0.54480898

alpha -0.69495233 -0.97340661 -0.89300009 0.96880859 -0.79744005 -0.00247523 -0.95341854

+ new requirement

change strategy

change architecture

reconfigure

update

implementation

AGILE PDP - MBSE

VIST   MS

design tools

MDO execution

+ new capability

AGILE - next generation of collaborative MDO
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AGILE – Collaboration challenges

▪ Knowledge Modeling and Collaboration

▪ Design Competence wrapping process (right syntax) → Speaking the same “language”

▪ Disciplinary interpretation process (right semantic) → Meaning the same “Concepts

▪ Design Competences Integration → Accessing and providing “tools and knowledge”

15

AGILE reference aircraft CPACS

https://cpacs.de
AGILE reference aircraft disciplinary models by Partners from a single source
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AGILE Phase 1 – from TLAR to “flying” in 15 months
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Engines

Aerodynamics High-lift

On-board 

systems
Flight dynamicsStructures

Mission analysisAircraft design

Cost assessment

Cross-organisational Aircraft Development

RUSSIA

GERMANY

CANADA

GERMANY ITALY

FRANCE

RUSSIA

SWEDEN

GERMANY

NL

NL

ITALY

SWISS

Requirements
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AGILE – Service Oriented Architecture
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A workflow of “provided services”
- Each service @ Partner site\network

- Each service is a legacy process

source: p.d. ciampa, e.moerland, et al., "A Collaborative Architecture supporting 

AGILE Design of Complex Aeronautics Products,","AIAA 2017-4138
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design tools

AGILE Framework – Automation & Optimization
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AGILE Framework

Requirements

Design for X strategy

decision making

mfuel referenceAreaRefmOEM sTOFL mTOM mPayload mWingsStructure

mfuel 1 0.77475061 0.5901419 -0.52772317 0.8597251 -0.02118287 0.59409394

referenceAreaRef0.77475061 1 0.90083689 -0.93689985 0.86817278 0.00446513 0.94870478

mOEM 0.5901419 0.90083689 1 -0.88659848 0.78454296 0.00708453 0.95603157

sTOFL -0.52772317 -0.93689985 -0.88659848 1 -0.7002977 -0.00702965 -0.96085888

mTOM 0.8597251 0.86817278 0.78454296 -0.7002977 1 0.02012187 0.73875977

mPayload -0.02118287 0.00446513 0.00708453 -0.00702965 0.02012187 1 0.01442351

mWingsStructure0.59409394 0.94870478 0.95603157 -0.96085888 0.73875977 0.01442351 1

mWingStructure_Wing_tot10.53661584 0.92160693 0.95056012 -0.95475262 0.68872614 0.01561439 0.99672097

mWingStructure_Wing_tot20.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278

mWingStructure_Wing_tot30.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555

mWingStructure_Wing_Skin10.27839032 0.75400829 0.88368289 -0.8645486 0.46411714 0.02566847 0.92209726

mWingStructure_htp0.91533218 0.81143359 0.57174303 -0.61281041 0.8928265 -0.01513637 0.59735278

mWingStructure_vtp0.38655317 0.82021619 0.92943362 -0.89054484 0.58675298 0.03225927 0.94881555

mFuselagesStructure0.10658257 0.05694498 0.36732586 0.01427539 0.29357486 -0.01817547 0.08671056

mLandingGears0.70896885 0.91233893 0.91096308 -0.84335459 0.8799775 0.03265137 0.88192751

mSystems 0.09013604 0.0475302 0.3469075 0.01813524 0.27962545 -0.03345366 0.07649606

LCMachNumb-0.36854397 -0.6777704 -0.60821795 0.78493715 -0.47936188 -0.01389582 -0.66451279

cgPos 0.78521395 0.98502911 0.88419102 -0.90537791 0.89101166 0.00401476 0.92014262

Power 0.99754193 0.73891472 0.537597 -0.47997566 0.83689185 -0.02579698 0.54480898

alpha -0.69495233 -0.97340661 -0.89300009 0.96880859 -0.79744005 -0.00247523 -0.95341854

+ new requirement

change strategy

change architecture

+ new capability

AGILE PDP - MBSE

VIST   MS

MDO execution

design process

reconfigure

update

implementation

AGILE - next generation of collaborative MDO
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Stored as MDO Model
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MDO 

Architecture?

Integration 

Framework?
Automated Translation

MDF

IDF
CMDOWS

Common MDO Workflow Schema
MDO process description developed in AGILE project. 

Formalizes the MDO processes in a “neutral format” 

Enable to share MDO processes between MDO frameworks 

Provides the MDO process model which can be manipulated

cmdows-repo.agile-project.eu

Recent work

Flexibility Achieved:
• Generation of Design Process Architectures 

Fully Automated

• Assessment of different design strategies

Objective Function

Optimization Iterations

Monolithic → computation performance  

Distributed → for Organization structured in disciplinary departments

Design 

Process

AGILE Strut Braced Wing

Design Process Automation

AGILE - next generation of collaborative MDO
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Collaborative Inspection

Inspect

& validate

Inspect

& validate

Inspect

& validate

AGILE - next generation of collaborative MDO
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Airframe OEM

Multi-Fi Models @ Partners

OAD – Lo-Fi

Hi-Fi

21

Rudder Supplier

Propulsion OEM On-board systems Architectures

MEA

MEA Electric

Convent.

AGILE Phase 2 – 1 aircraft, 5 MDO scenarios in 12 months

AGILE - next generation of collaborative MDO
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AGILE Configurations

AGILE Phase 3 “Ongoing” - 6 aircraft in 15 months

24
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AGILE Configurations

AGILE Phase 3 “Ongoing” - 6 aircraft in 15 months

25
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AGILE Project Outcome

26

1
AGILE Aircraft Database:

• Database of novel configurations for follow-on projects

• 6 novel aircraft configurations accessible (data and models)

• Current aircraft results are already exploited in running projects

2
AGILE Technologies:

• The AGILE framework released as open-source

• Prototypes already exploited in internal and external projects

• AGILE Paradigm a “blueprint for collaborative MDO”

AGILE Achievements:

▪ Accelerating the deployment of design and optimization processes

▪ Large-scale cross-organizational MDO processes of tools and people

▪ AGILE Framework operational with 19 partners

AGILE Academy:

15 International Organizations 

NOT in AGILE using the AGILE framework!

AGILE - next generation of collaborative MDO
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AGILE ACADEMY
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https://agile-project.eu/agile-academy 

▪ Objectives of the Initiative: 

1. Introduce the “AGILE Paradigm” in Education\Research

2. Release the AGILE technologies outside the Consortium

3. Enable “effective” Collaboration among multiple institutions  

1st AGILE Academy Workshop in Hamburg

2) Collaborative aircraft design1) Distributed Competence

3 Teams

AGILE - next generation of collaborative MDO
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Innovation via Education
founder of:

28
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Fernass Daoud Airbus

Reinhold Maierl Airbus

Arthur Rizzi Airinnova

Tomas Melin Airinnova

Mengmeng Zhang Airinnova

Bruno Tranchero Leonardo

Giovanni Cerino Leonardo

Giuseppe Piscopo Leonardo

Luciana Loverde Leonardo

Roberto Labruto Leonardo

Nicola Catino Leonardo

Fassi Kafyeke Bombardier

Graham Potter Bombardier

Balaji Periyapatna Bombardier

Hugo Gagnon Bombardier

Jasveer Singh Bombardier

Stephane Dufresne Bombardier

Aidan Jungo CFSE

Dominique Charbonnier CFSE

Jan Vos CFSE

Aleksander Lanshin CIAM

Alik Isyanov CIAM

Artur Mirzoyan CIAM

Pavel Toktaliev CIAM

Björn Nagel DLR

Erwin Moerland DLR

Francesco Torrigiani DLR

Jan-Niclas Walther DLR

Jonas Jepsen DLR

Kathrin Althaus DLR

Olaf Brodersen DLR

Pier Davide Ciampa DLR

Prajwal Shiva Prakasha DLR

Stefan Keye DLR

Xiangyu Gu DLR

Sascha Zur DLR

Luc Hootsmans Fokker

Ton van der Laan Fokker

David Cooper GenWorks

Joost Schut Ke-Works

Bastiaan Beijer Ke-Works

Stefan van der Elst Ke-Works

Erik Baalbergen NLR

Huub Timmermans NLR

Jos Vankan NLR

Bert de Wit NLR

Onno Bartels NLR

Wim Lammen NLR

Marco Panzeri NOESIS Solutions

Riccardo Lombardi NOESIS Solutions

Roberto d'Ippolito NOESIS Solutions

Nathalie Bartoli ONERA

Rémi Lafage ONERA

Sylvain Dubreuil ONERA

Thierry Lefebvre ONERA

Luca Boggero Polito

Marco Fioriti Polito

Francesca Tomasella Politi

Sabrina Corpino Polito

Benedikt Aigner RWTH

Eike Stumpf RWTH

Martin Spieck Thelsys

Sabine Spieck Thelsys

Alexander Lysenkov TsAGI

Andrey Savelyev TsAGI

Kirill Anisimov TsAGI

Maria Sakharova TsAGI

Darwin Rajpal TUDelft

Gianfranco La Rocca TUDelft

Imco van Gent TUDelft

Mark Voskuijl TUDelft

Roeland de Breuker TUDelft

Agostino De Marco Unina

Danilo Ciliberti Unina

Fabrizio Nicolosi Unina

Luca Stingo Unina

Pierluigi Della Vecchia Unina

Vincenzo Cusati Unina

>120 papers

~40 thesis

~15 sessions

2 Academy

AGILE Team

>70 Tools

8 Platforms

9 Aircraft

19 Partners

25 Sites

>110 Members
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More information about AGILE:

www.agile-project.eu

ICAS CASIMIRO MONTENEGRO FILHO LECTURE FOR INNOVATION IN AERONAUTICS
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