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Intelligent Systems for Aeronautics
(RTO EN-022 / AVT-095)

Executive Summary 

Intelligent Systems (IS) are nature-inspired problem solving tools and methodologies that have recently
become important in information technology applications. Artificially intelligent systems use computers to
emulate various faculties of human intelligence, and biological metaphors. They use a combination of
symbolic and sub-symbolic systems capable of developing human-like cognitive skills and intelligence, not
just systems capable of doing things humans do not do well. Intelligent systems are ideally suited for tasks
such as search and optimization, pattern recognition and matching, planning, uncertainty management,
control and adaptation.

These lecture notes approach IS from two perspectives: techniques and applications. The emphasis is on
aeronautical and space applications of IS, rather than basic research or tool development. The objectives of
this NATO Research and Technology Organisation (RTO) sponsored Lecture series is to provide a series of
comprehensive lectures by leading experts:

1. to enable the understanding of the concept, history, and benefits of intelligent system technologies;

2. to enable an understanding of the areas of applicability of IS technologies to aeronautics and space;

3. to enable an understanding of the state-of-the-art applications of IS technologies in aeronautics and
space.

The lectures were intended to accommodate attendees of both novice and advanced levels of technical
expertise.

For this purpose, the following techniques commonly used in IS were reviewed: decision strategy tools
based on game theory (Dr. J. Périaux, MDBA, France), neural network techniques for fault identification
(Prof. M. Innocenti, U. Pisa, Italy), genetic algorithms (Dr. M. Anderson, Sverdrup Technology, USA;
Dr. D. Quagliarella, CIRA, Italy) and multi-agent theory (Dr. I. Degirmenciyan, MDBA, France)

These techniques were illustrated by numerous applications: optimal air combat tactics
(Dr. K. Krishnakumar, NASA Ames), control of unmanned air vehicles (Dr. M. Ricard, Draper Lab, USA),
air combat simulation (Dr. I. Degirmenciyan, MDBA, France), space exploration (Dr. R. Doyle, JPL,
USA), unmanned aircraft navigation and formation control (Prof. M. Innocenti, U. Pisa, Italy), missile
design (Dr. M. Anderson, Sverdrup Technology, USA), airfoil design (Dr. D. Quagliarella, CIRA, Italy) and
finally analysis of rocket plume data for condition monitoring (Prof. K. Whitaker, U. Alabama, USA). Most
of these applications have a clear military aspect, whether at the system design level (missile design, control
of unmanned air vehicles) or at operational level (optimal air combat tactics, unmanned aircraft formation
control, air combat simulation), hence highlighting the relevance and importance of Intelligent Systems for
military issues.

G. Degrez1 & K. Krishnakumar.2
1von Kármán Institute, Belgium & 2NASA Ames, USA

Lecture Series Editors
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Systèmes intelligents pour l’aéronautique
(RTO EN-022 / AVT-095)

Synthèse 

Les systèmes intelligents (SI) sont des outils et des méthodologies de résolution de problèmes, d’inspiration
humaine, qui ont récemment pris de l’importance dans les applications des technologies de l’information.
Les systèmes d’intelligence artificielle font appel à des ordinateurs et à des métaphores biologiques pour
imiter les différentes facultés de l’intelligence humaine. Ils exploitent en combinaison des systèmes
symboliques et sous-symboliques capables de développer des compétences cognitives et de l’intelligence
pseudo-humaines et non pas simplement des systèmes capables de réaliser ce que l’être humain ne réalise
pas bien. Les systèmes intelligents sont idéalement adaptés à des tâches telles que la recherche et
l’optimisation, la reconnaissance des formes, la planification, la gestion de l’incertitude, le contrôle et
l’adaptation.

Ce support de cours aborde les systèmes intelligents sous deux angles différents : techniques et
applications. L’accent est mis sur les applications aéronautiques et spatiales des SI plutôt que la recherche
de base ou le développement d’outils. Ce cycle de conférences organisé par l’Organisation OTAN pour la
recherche et la technologie (RTO) a pour objectif de proposer une série de conférences complètes
présentées par d’éminents spécialistes du domaine afin de permettre de mieux comprendre :

1. le concept, l’historique, et les avantages des technologies des systèmes intelligents;

2. les domaines d’application des technologies des SI pour l’aéronautique et l’espace;

3. les applications de pointe des technologies des SI pour l’aéronautique et l’espace.

Les conférences sont destinées à des participants de tous niveaux de compétence technique, du novice
jusqu’au spécialiste.

Dans cette optique, les techniques suivantes, couramment employées en IS, ont été examinées : des outils
de prise de décisions stratégiques basés sur la théorie des jeux (Dr. J. Périaux, MDBA, France), des
techniques de réseaux neuronaux pour l’identification des défaillances (Prof. M. Innocenti, U. Pisa, Italie),
des algorithmes génétiques (Dr. M. Anderson, Sverdrup Technology, USA; Dr. D Quagliarella, CIRA,
Italie), et des théories multi-agents (Dr. I. Degirmenciyan, MDBA, France)

Ces techniques ont été illustrées par de nombreuses applications : les tactiques optimales de combat aérien
(Dr. K Krishnakumar, NASA, Ames), le pilotage des véhicules aériens sans pilote (Dr. M. Ricard, Draper
Lab, USA), la simulation du combat aérien (Dr. I. Degirmenciyan, MDBA, France), l’exploration de
l’espace (Dr. R. Doyle, JPL, USA), la navigation et le contrôle de formation des véhicules sans pilote
(Prof. M. Innocenti, U. Pisa, Italie), la conception des missiles (Dr. M. Anderson, Svedrup Technology,
USA), la conception des profils aérodynamiques (Dr. D. Quagliarella, CIRA, Italie), et finalement l’analyse
des données de panache des moteurs fusées pour le contrôle de l’état du moteur (Prof. K. Whitaker,
U. Alabama, USA). La plupart de ces applications ont des implications militaires évidentes, soit au niveau
de la conception du système (conception des missiles, pilotage des véhicules aériens sans pilote) soit au
niveau opérationnel (les tactiques optimales de combat, le contrôle d’aéronefs sans pilote en formation, la
simulation du combat aérien), ce qui fait ressortir l’intérêt et l’importance de systèmes intelligents pour
applications militaires.

G. Degrez1 & K. Krishnakumar.2
1von Kármán Institute, Belgium & 2NASA Ames, USA

Lecture Series Editors
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Preface

Intelligent Systems (IS) embody varying degrees of representation of biological and cognitive systems for
efficient solution of complex problems. In our society today, intelligent systems have become extremely
fascinating tools for significantly improving the trends in information technology applications. Intelligent
systems are ideally suited for tasks such as search and optimization, pattern recognition and matching, planning,
uncertainty management, control and adaptation. This lecture notes will approach IS from two ends: techniques
and applications. The emphasis is on aeronautical and space applications of IS, rather than basic research or tool
development.

The objectives of this NATO Research and Technology Office (RTO) sponsored Lecture series is to provide a
series of comprehensive lectures by leading experts.

1. To enable the understanding of the concept, history, and benefits of intelligent system technologies;

2. To enable an understanding of the areas of applicability of IS technologies to aeronautics and space;

3. To enable an understanding of the state-of-the-art applications of IS technologies in aeronautics and space.
The lectures are intended to accommodate attendees of both novice and advanced levels of technical
expertise.

G. Degrez1 & K. Krishnakumar.2
1Von Kármán Institute, Belgium & 2NASA Ames, USA

Lecture Series Editors

vii



List of Authors

Lecture Series Director VKI Local Coordinator

Mr. K. Krishnakumar Prof. G. Degrez
NASA Ames Research Centre von Kármán Institute
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Dstl Knowledge ServicesRyvangs Allé 1, P.O. Box 2715 ITALIE Kentigern House, Room 2246DK-2100 Copenhagen Ø Centro di Documentazione 65 Brown Street
Tecnico-Scientifica della DifesaESPAGNE Glasgow G2 8EX

Via XX Settembre 123aINTA (RTO/AGARD Publications)
00187 Roma TURQUIECarretera de Torrejón a Ajalvir, Pk.4

Millı̂ Savunma Bas,kanli i (MSB)28850 Torrejón de Ardoz - Madrid LUXEMBOURG ARGE Dairesi Bas,kanli i (MSB)Voir BelgiqueETATS-UNIS 06650 Bakanliklar - Ankara
NASA Center for AeroSpace NORVEGE
Information (CASI) Norwegian Defence Research

Parkway Center Establishment
7121 Standard Drive Attn: Biblioteket
Hanover, MD 21076-1320 P.O. Box 25, NO-2007 Kjeller

AGENCES DE VENTE

NASA Center for AeroSpace The British Library Document Canada Institute for Scientific and
Information (CASI) Supply Centre Technical Information (CISTI)

Parkway Center Boston Spa, Wetherby National Research Council
7121 Standard Drive West Yorkshire LS23 7BQ Acquisitions
Hanover, MD 21076-1320 Royaume-Uni Montreal Road, Building M-55
Etats-Unis Ottawa K1A 0S2, Canada

Les demandes de documents RTO ou AGARD doivent comporter la dénomination “RTO” ou “AGARD” selon le cas, suivie du
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journaux suivants:

Scientific and Technical Aerospace Reports (STAR) Government Reports Announcements & Index (GRA&I)
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Glasgow G2 8EXDK-2100 Copenhagen Ø

LUXEMBOURG
UNITED STATESSee BelgiumFRANCE

NASA Center for AeroSpaceO.N.E.R.A. (ISP)
NETHERLANDS Information (CASI)29 Avenue de la Division Leclerc

Royal Netherlands Military Parkway CenterBP 72, 92322 Châtillon Cedex
Academy Library 7121 Standard Drive

P.O. Box 90.002GERMANY Hanover, MD 21076-1320
4800 PA BredaStreitkräfteamt / Abteilung III
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