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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. Degrez' & K. Krishnakumar.?
'von Karman Institute, Belgium & 2NASA Ames, USA
Lecture Series Editors
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Systemes intelligents pour I’aéronautique
(RTO EN-022 / AVT-095)

Synthese

Les systemes intelligents (SI) sont des outils et des méthodologies de résolution de probléemes, d’inspiration
humaine, qui ont récemment pris de 1’importance dans les applications des technologies de I’information.
Les systemes d’intelligence artificielle font appel a des ordinateurs et a des métaphores biologiques pour
imiter les différentes facultés de D’intelligence humaine. IlIs exploitent en combinaison des systémes
symboliques et sous-symboliques capables de développer des compétences cognitives et de I'intelligence
pseudo-humaines et non pas simplement des systemes capables de réaliser ce que 1’étre humain ne réalise
pas bien. Les systemes intelligents sont idéalement adaptés a des tiches telles que la recherche et
I’optimisation, la reconnaissance des formes, la planification, la gestion de I’incertitude, le contrdle et
I’adaptation.

Ce support de cours aborde les systemes intelligents sous deux angles différents: techniques et
applications. L’accent est mis sur les applications aéronautiques et spatiales des SI plutot que la recherche
de base ou le développement d’outils. Ce cycle de conférences organisé par 1I’Organisation OTAN pour la
recherche et la technologie (RTO) a pour objectif de proposer une série de conférences completes
présentées par d’éminents spécialistes du domaine afin de permettre de mieux comprendre :

1. le concept, I’historique, et les avantages des technologies des systémes intelligents;
2. les domaines d’application des technologies des SI pour 1’aéronautique et 1’espace;
3. les applications de pointe des technologies des SI pour I’aéronautique et 1’espace.

Les conférences sont destinées a 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 I’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), I’exploration de
I’espace (Dr. R. Doyle, JPL, USA), la navigation et le contréle 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 I’analyse
des données de panache des moteurs fusées pour le contrdle de I’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 systeme (conception des missiles, pilotage des véhicules aériens sans pilote) soit au
niveau opérationnel (les tactiques optimales de combat, le contrdle d’aéronefs sans pilote en formation, la
simulation du combat aérien), ce qui fait ressortir I'intérét et I’importance de systémes intelligents pour
applications militaires.

G. Degrez' & K. Krishnakumar.?
'von Karman 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. Degrez! & K. Krishnakumar.?
'Von Karmén Institute, Belgium & 2NASA Ames, USA
Lecture Series Editors

vii



List of Authors

Lecture Series Director

Mr. K. Krishnakumar

NASA Ames Research Centre
MS 269-1, Moffett Field

CA 94035-1000

email: kkumar@mail.arc.nasa.gov

VKI Local Coordinator

Prof. G. Degrez

von Karman Institute

72, Chaussee de Waterloo
1640 Rhode Saint Genese
email: degrez@vki.ac.be

Authors

FRANCE

Dr. 1. Degirmenciyan

Dassault Aviation

DGT/DPR/ESA

78, quai Marcel Dassault

92552 St. Cloud Cedex 300

email: irene.degirmenciyan@dassault-aviation.fr

Dr. J. Periaux

Direction de la Prospective

DPR

78, quai Marcel Dassault

92214 St Cloud Cedex

email: jacques.periaux @dassault-aviation.fr

ITALY

Prof. M. Innocenti

University of Pisa

Department of Electric Systems and Automation
via Diotisalvi 2, 56126 Pisa

Dr. D. Quagliarella
CIRA

via Maiorise

81043 Capua (CE)
d.quagliarella@cira.it

viii

UNITED STATES

Dr. M. Anderson

Sverdrup Technology Inc.
Bldg 260, TEAS Group

308 West D. Drive,

Eglin AFB, FI 32542-0935
email: anderson@eglin.af.mil

Dr. R. Doyle
Jet Propulsion Lab

Information Tech and Software Systems

MS 126-221/4800 Oak Grove Drive
Pasadena, CA 91109-8099
email: rdoyle@jpl.nasa.gov

Mr. S. Kolitz

The Charles Stark Draper Laboratory
MS 3F, 555 Technology Square
Cambridge, MA 02139 3563

email: kolitz@draper.com

Dr. M. Ricard

The Charles Stark Draper Laboratory
555 Technology Square

Cambridge, MA 02139

email: mricard @draper.com

Prof. K. Whitaker
University of Alabama

P.O. Box 870200
Tuscaloosa, AL 35487-0154



REPORT DOCUMENTATION PAGE

1. Recipient’s
Reference

2. Originator’s References

RTO-EN-022

AC/323(AVT-095)TP/69

3. Further Reference 4. Security Classification

of Document

UNCLASSIFIED/
UNLIMITED

ISBN 92-837-1101-7

5. Originator ~ Research and Technology Organisation

North Atlantic Treaty Organisation

BP 25, F-92201 Neuilly-sur-Seine Cedex, France

6. Title

Intelligent Systems for Aeronautics

7. Presented at/sponsored by

the Applied Vehicle Technology Panel (AVT) and the von Kdrman Institute for Fluid
Dynamics (VKI) in Rhode-Saint-Genese, Belgium, 13-17 May 2002.

8. Author(s)/Editor(s) 9. Date
Multiple June 2003
10. Author’s/Editor’s Address 11. Pages
Multiple 272

12. Distribution Statement

There are no restrictions on the distribution of this document.

Information about the availability of this and other RTO
unclassified publications is given on the back cover.

13. Keywords/Descriptors

Adaptive systems
Airfoils

Control

UAYV (Unmanned Air Vehicles)
Decision aids

Decision making
Design

Game theory

Fault identification
Genetic algorithms
Intelligent Systems (IS)
Military applications
Missile design

Multi-agent theory
Neural networks
Optimization

Pattern recognition
Planning

Problem solving

Rocket plume data for condition monitoring
Search theory

Space exploration
Sub-symbolic systems
Symbolic

Uncertainty management

14. Abstract

Intelligent systems are suited as search and optimization, pattern recognition and matching,
planning, uncertainty management control and adaptation.

These lecture notes cover techniques and application with emphasis on aeronautical and space

applications.

Techniques reviewed: decision strategy tools based on game theory, neural network techniques
for fault identification, genetic algorithms and multi-agent theory.

Application reviewed: air combat tactics, control of unmanned air vehicles, air combat
simulation, space exploration, missile design, airfoil design, analysis of rocket plume data for
condition monitoring. These applications highlight the relevance and importance of Intelligent

Systems for military issues.




This page has been deliberately left blank

Page intentionnellement blanche



NORTH ATLANTIC TREATY ORGANISATION

= ?

RESEARCH AND TECHNOLOGY ORGANISATION

BP 25 « 7 RUE ANCELLE
F-92201 NEUILLY-SUR-SEINE CEDEX ¢ FRANCE

Télécopie 0(1)55.61.22.99 o E-mail mailbox@rta.nato.int

DIFFUSION DES PUBLICATIONS
RTO NON CLASSIFIEES

L’Organisation pour la recherche et la technologie de I'OTAN (RTO), détient un stock limité de certaines de ses publications récentes, ainsi
que de celles de ’ancien AGARD (Groupe consultatif pour la recherche et les réalisations aérospatiales de I’OTAN). Celles-ci pourront
éventuellement étre obtenues sous forme de copie papier. Pour de plus amples renseignements concernant 1’achat de ces ouvrages,
adressez-vous par lettre ou par télécopie a I’adresse indiquée ci-dessus. Veuillez ne pas téléphoner.

Des exemplaires supplémentaires peuvent parfois étre obtenus aupres des centres nationaux de distribution indiqués ci-dessous. Si vous
souhaitez recevoir toutes les publications de la RTO, ou simplement celles qui concernent certains Panels, vous pouvez demander d’étre
inclus sur la liste d’envoi de ’'un de ces centres.

Les publications de la RTO et de I’AGARD sont en vente auprés des agences de vente indiquées ci-dessous, sous forme de photocopie ou
de microfiche. Certains originaux peuvent également étre obtenus aupres de CASI.

CENTRES DE DIFFUSION NATIONAUX

ALLEMAGNE
Streitkrafteamt / Abteilung III
Fachinformationszentrum der
Bundeswehr, (FIZBw)
Friedrich-Ebert-Allee 34
D-53113 Bonn

BELGIQUE
Etat-Major de la Défense
Département d’Etat-Major Stratégie
ACOS-STRAT-STE - Coord. RTO
Quartier Reine Elisabeth
Rue d’Evere, B-1140 Bruxelles

CANADA
DSIGRD2
Bibliothécaire des ressources du savoir
R et D pour la défense Canada
Ministere de la Défense nationale
305, rue Rideau, 9°¢ étage
Ottawa, Ontario K1A 0K2

DANEMARK
Danish Defence Research Establishment
Ryvangs Allé 1, P.O. Box 2715
DK-2100 Copenhagen @

ESPAGNE
INTA (RTO/AGARD Publications)
Carretera de Torrejon a Ajalvir, Pk.4
28850 Torrejon de Ardoz - Madrid

ETATS-UNIS
NASA Center for AeroSpace
Information (CASI)
Parkway Center
7121 Standard Drive
Hanover, MD 21076-1320

NASA Center for AeroSpace
Information (CASI)

Parkway Center

7121 Standard Drive

Hanover, MD 21076-1320

Etats-Unis

FRANCE
O.N.E.R.A. (ISP)
29, Avenue de la Division Leclerc
BP 72, 92322 Chatillon Cedex

GRECE (Correspondant)
Defence Industry & Research
General Directorate
Research Directorate
Fakinos Base Camp
S.T.G. 1020
Holargos, Athens

HONGRIE
Department for Scientific
Analysis
Institute of Military Technology
Ministry of Defence
H-1525 Budapest P O Box 26

ISLANDE
Director of Aviation
c/o Flugrad
Reykjavik

ITALIE
Centro di Documentazione
Tecnico-Scientifica della Difesa
Via XX Settembre 123a
00187 Roma

LUXEMBOURG
Voir Belgique

NORVEGE
Norwegian Defence Research
Establishment
Attn: Biblioteket
P.O. Box 25, NO-2007 Kjeller

AGENCES DE VENTE

The British Library Document
Supply Centre

Boston Spa, Wetherby

West Yorkshire LS23 7BQ

Royaume-Uni

PAYS-BAS
Royal Netherlands Military
Academy Library
P.O. Box 90.002
4800 PA Breda

POLOGNE
Armament Policy Department
218 Niepodleglosci Av.
00-911 Warsaw

PORTUGAL
Estado Maior da Forga Aérea
SDFA - Centro de Documentagido
Alfragide
P-2720 Amadora

REPUBLIQUE TCHEQUE
DIC Czech Republic-NATO RTO
VTUL a PVO Praha
Mladoboleslavskd ul.
Praha 9, 197 06, Ceska republika

ROYAUME-UNI
Dstl Knowledge Services
Kentigern House, Room 2246
65 Brown Street
Glasgow G2 8EX

TURQUIE
Milli Savunma Bagkanligi (MSB)
ARGE Dairesi Bagkanligi (MSB)
06650 Bakanliklar - Ankara

Canada Institute for Scientific and
Technical Information (CISTI)

National Research Council

Acquisitions

Montreal Road, Building M-55

Ottawa K1A 0S2, Canada

Les demandes de documents RTO ou AGARD doivent comporter la dénomination “RTO” ou “AGARD” selon le cas, suivie du
numéro de série (par exemple AGARD-AG-315). Des informations analogues, telles que le titre et la date de publication sont
souhaitables. Des références bibliographiques completes ainsi que des résumés des publications RTO et AGARD figurent dans les

journaux suivants:

Scientific and Technical Aerospace Reports (STAR)
STAR peut étre consulté en ligne au localisateur de

ressources uniformes (URL) suivant:

http://www .sti.nasa.gov/Pubs/star/Star.html
STAR est édité par CASI dans le cadre du programme
NASA d’information scientifique et technique (STI)

STI Program Office, MS 157A
NASA Langley Research Center
Hampton, Virginia 23681-0001
Etats-Unis

Springfield
Virginia 2216
Etats-Unis

Government Reports Announcements & Index (GRA&I)
publié par le National Technical Information Service

(accessible également en mode interactif dans la base de

données bibliographiques en ligne du NTIS, et sur CD-ROM)

OTTAWA/HULL

Imprimé par Groupe d’imprimerie St-Joseph inc.

(Membre de la Corporation St-Joseph)

1165, rue Kenaston, Ottawa (Ontario), Canada KIG 651



NORTH ATLANTIC TREATY ORGANISATION

= ?

RESEARCH AND TECHNOLOGY ORGANISATION
BP 25 « 7 RUE ANCELLE
F-92201 NEUILLY-SUR-SEINE CEDEX ¢ FRANCE
Telefax 0(1)55.61.22.99 ¢ E-mail mailbox@rta.nato.int

DISTRIBUTION OF UNCLASSIFIED
RTO PUBLICATIONS

NATO’s Research and Technology Organisation (RTO) holds limited quantities of some of its recent publications and those of the former
AGARD (Advisory Group for Aerospace Research & Development of NATO), and these may be available for purchase in hard copy form.
For more information, write or send a telefax to the address given above. Please do not telephone.

Further copies are sometimes available from the National Distribution Centres listed below. If you wish to receive all RTO publications, or
just those relating to one or more specific RTO Panels, they may be willing to include you (or your organisation) in their distribution.

RTO and AGARD publications may be purchased from the Sales Agencies listed below, in photocopy or microfiche form. Original copies
of some publications may be available from CASI.
NATIONAL DISTRIBUTION CENTRES

POLAND
Armament Policy Department
218 Niepodleglosci Av.
00-911 Warsaw

PORTUGAL

BELGIUM
Etat-Major de la Défense
Département d’Etat-Major Stratégie
ACOS-STRAT-STE - Coord. RTO
Quartier Reine Elisabeth

GREECE (Point of Contact)
Defence Industry & Research
General Directorate
Research Directorate
Fakinos Base Camp

Rue d’Evere, B-1140 Bruxelles S.T.G. 1020 . ,
Holargos, Athens Estado Maior da Forga Aérea
CANADA SDFA - Centro de Documentagdo
DRDKIM?2 HUNGARY Alfragide
Knowledge Resources Librarian Department for Scientific P-2720 Amadora
Defence R&D Canada Analysis SPAIN

Department of National Defence
305 Rideau Street, 9" Floor
Ottawa, Ontario K1A 0K2

Institute of Military Technology
Ministry of Defence
H-1525 Budapest P O Box 26

INTA (RTO/AGARD Publications)
Carretera de Torrejon a Ajalvir, Pk.4
28850 Torrejon de Ardoz - Madrid

CZECH REPUBLIC
DIC Czech Republic-NATO RTO
VTUL a PVO Praha
Mladoboleslavskd ul.
Praha 9, 197 06, Ceska republika

DENMARK
Danish Defence Research
Establishment
Ryvangs Allé 1, P.O. Box 2715
DK-2100 Copenhagen @

FRANCE
O.N.E.R.A. (ISP)
29 Avenue de la Division Leclerc
BP 72, 92322 Chatillon Cedex

GERMANY
Streitkrafteamt / Abteilung III
Fachinformationszentrum der
Bundeswehr, (FIZBw)
Friedrich-Ebert-Allee 34
D-53113 Bonn

NASA Center for AeroSpace
Information (CASI)

Parkway Center

7121 Standard Drive

Hanover, MD 21076-1320

United States

ICELAND
Director of Aviation
c/o Flugrad
Reykjavik

ITALY
Centro di Documentazione
Tecnico-Scientifica della Difesa
Via XX Settembre 123a
00187 Roma

LUXEMBOURG
See Belgium

NETHERLANDS
Royal Netherlands Military
Academy Library
P.O. Box 90.002
4800 PA Breda

NORWAY
Norwegian Defence Research
Establishment
Attn: Biblioteket
P.O. Box 25, NO-2007 Kjeller

SALES AGENCIES

The British Library Document
Supply Centre

Boston Spa, Wetherby

West Yorkshire LS23 7BQ

United Kingdom

TURKEY

Milli Savunma Bagkanligi (MSB)
ARGE Dairesi Bagkanligi (MSB)
06650 Bakanliklar - Ankara

UNITED KINGDOM

Dstl Knowledge Services
Kentigern House, Room 2246
65 Brown Street

Glasgow G2 8EX

UNITED STATES

NASA Center for AeroSpace
Information (CASI)

Parkway Center

7121 Standard Drive

Hanover, MD 21076-1320

Canada Institute for Scientific and
Technical Information (CISTI)

National Research Council

Acquisitions

Montreal Road, Building M-55

Ottawa K1A 0S2, Canada

Requests for RTO or AGARD documents should include the word ‘RTO’ or ‘AGARD’, as appropriate, followed by the serial
number (for example AGARD-AG-315). Collateral information such as title and publication date is desirable. Full bibliographical
references and abstracts of RTO and AGARD publications are given in the following journals:

Scientific and Technical Aerospace Reports (STAR) Government Reports Announcements & Index (GRA &I)
STAR is available on-line at the following uniform published by the National Technical Information Service
resource locator: Springfield

http://www.sti.nasa.gov/Pubs/star/Star.html Virginia 22161
STAR is published by CASI for the NASA Scientific United States
and Technical Information (STI) Program (also available online in the NTIS Bibliographic
STI Program Office, MS 157A Database or on CD-ROM)
NASA Langley Research Center
Hampton, Virginia 23681-0001
United States

OTTAWA/HULL

Printed by St. Joseph Print Group Inc.
(A St. Joseph Corporation Company)
1165 Kenaston Street, Ottawa, Ontario, Canada K1G 6S1

ISBN 92-837-1101-7



	Cover
	RDP
	Table of Contents
	Papers 1-11
	Papers 12-15


	Copy 2003: © RTO/NATO 2003
	Copy A-1: Single copies of this publication or of a part of it may be made for individual use only. The approval of the RTA Information Management and Systems Branch is required for more than one copy to be made or an extract included in another publication. Requests to do so should be sent to the address above.
	EN or MP: Click inside the blue boxes or on the titles to view the corresponding section
	EN or MP NA: (except for items marked in red, which were not available at the time of production)


