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The Research and Technology
Organisation (RTO) of NATO

RTO is the single focus in NATO for Defence Research and Technology activities. Its mission is to conduct and promote
co-operative research and information exchange. The objective is to support the development and effective use of
national defence research and technology and to meet the military needs of the Alliance, to maintain a technological
lead, and to provide advice to NATO and national decision makers. The RTO performs its mission with the support of an
extensive network of national experts. It also ensures effective co-ordination with other NATO bodies involved in R&T
activities.

RTO reports both to the Military Committee of NATO and to the Conference of National Armament Directors. It
comprises a Research and Technology Board (RTB) as the highest level of national representation and the Research and
Technology Agency (RTA), a dedicated staff with its headquarters in Neuilly, near Paris, France. In order to facilitate
contacts with the military users and other NATO activities, a small part of the RTA staff is located in NATO
Headquarters in Brussels. The Brussels staff also co-ordinates RTO’s co-operation with nations in Middle and Eastern
Europe, to which RTO attaches particular importance especially as working together in the field of research is one of the
more promising areas of co-operation.

The total spectrum of R&T activities is covered by the following 7 bodies:

o AVT Applied Vehicle Technology Panel

¢ HFM  Human Factors and Medicine Panel

e IST Information Systems Technology Panel

¢ NMSG NATO Modelling and Simulation Group

e SAS Studies, Analysis and Simulation Panel

e SCI Systems Concepts and Integration Panel

e SET Sensors and Electronics Technology Panel
These bodies are made up of national representatives as well as generally recognised ‘world class’ scientists. They also
provide a communication link to military users and other NATO bodies. RTO’s scientific and technological work is
carried out by Technical Teams, created for specific activities and with a specific duration. Such Technical Teams can

organise workshops, symposia, field trials, lecture series and training courses. An important function of these Technical
Teams is to ensure the continuity of the expert networks.

RTO builds upon earlier co-operation in defence research and technology as set-up under the Advisory Group for
Aerospace Research and Development (AGARD) and the Defence Research Group (DRG). AGARD and the DRG share
common roots in that they were both established at the initiative of Dr Theodore von Kérman, a leading aerospace
scientist, who early on recognised the importance of scientific support for the Allied Armed Forces. RTO is capitalising
on these common roots in order to provide the Alliance and the NATO nations with a strong scientific and technological
basis that will guarantee a solid base for the future.

The content of this publication has been reproduced
directly from material supplied by RTO or the authors.

Published December 2005

Copyright © RTO/NATO 2005
All Rights Reserved

ISBN 92-837-1136-X

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 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 on the back cover.
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Virtual Environments for Intuitive
Human-System Interaction

(RTO-TR-HFM-121-Part-I)

National Research Activities in Augmented,
Mixed and Virtual Environments

Executive Summary

The missions that NATO is being called on to perform today place new performance requirements on
military personnel driving a need for new approaches to training and equipment design. New computer
technologies have the potential to prepare militaries for their new missions. During these missions,
military operators will have to interact with highly complex C4ISR (Command, Control, Communications,
Computer, Intelligence, Surveillance, Reconnaissance) systems and weapon system designs under high
physical, mental, and emotional workload. Preparation for these challenges has to include both: Training
military commanders, staffs and operators by means of appropriate media and designing equipment to
include well thought out human-system interaction (HSI) that takes advantage of advances in technology
and reduces operator workload and training requirements.

Augmented, Mixed, and Virtual Environments (AMVE) are new paradigms and media that provide a
realistic training environment and a natural HSI using complex realistic or abstract synthetic environments.
They allow trainees and human operators to experience synthetic environment that are appropriate for the
tasks to be performed. Ideally, military personnel should be presented the same cues in the synthetic world
that they would experience in the real world. They should be able to interact with synthetic entities as if they
were real. In recent years AMVE-technologies have expanded from their original application as training
media to a broad spectrum of military applications.

This report provides an overview of AMVE research and development activities in the participating
nations. The military application of these technologies was found in training, teleoperation, operational
mission support and command & control. Training encompasses vehicle operation training, individual
skills and collective tactical training, and command and control training. Teleoperation refers to the
remote control of unmanned vehicles. It also includes telemedicine, i.e. remote diagnostics and surgery.
Operational mission support consists of new technologies for supporting the dismounted soldier or
infantryman in his operational mission. Finally, in command & control, AMVE-technology is applied to
visualize tactical situation data and geographic data in a realistic way.

Although AMVE is a research topic, there have been successful implementations of the technologies.
Early on it became clear that AMVE was too large a field to include civil applications as well as military
ones. Consequently, this report is limited to military institutions, companies or lead projects in the defence
sector only. Even still more than 100 different activities and their interrelationships are described in detail
making this report a source of information for interested persons, researchers and managers in this field.
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Environnements virtuels d’interaction
Homme-Systeme Intuitive

(RTO-TR-HFM-121-Part-I)

Activités nationales de recherche dans des
environnements augmentes, mixtes et virtuels

Syntheése

Les missions confiées a ’OTAN a I’heure actuelle imposent de nouvelles contraintes de performances aux
personnels militaires, qui générent le besoin de nouvelles méthodes de formation et de conception des
équipements. Les nouvelles technologies informatiques offrent le potentiel nécessaire en vue de préparer les
militaires a leurs nouvelles missions. Au cours de ces missions, les opérateurs militaires devront interagir
avec des systemes C4ISR (Commandement, Controle, Communications, Informatique, Renseignement,
Surveillance, Reconnaissance) et des systémes d’armes extrémement complexes tout en assumant une charge
physique, mentale et émotionnelle élevée. La préparation a ces défis doit s’appliquer : a la formation des
commandants militaires, des personnels et des opérateurs au moyen de supports adaptés et a la conception
des équipements pour y inclure une interaction homme-systéme (IHS) bien pensée, tirant parti des avancées
technologiques et réduisant la charge de travail des opérateurs et les contraintes de formation.

Les environnements augmentés, mixtes et virtuels (AMVE) constituent les nouveaux paradigmes et
supports offrant un environnement de formation réaliste et une IHS naturelle utilisant des environnements
réalistes ou synthétiques abstraits. Ils permettent aux stagiaires et aux opérateurs humains d’expérimenter
des environnements synthétiques correspondant aux tiches a réaliser. Idéalement, les personnels militaires
doivent obtenir dans ’univers synthétique les mémes indications que celles rencontrées dans le monde
réel. Ils doivent pouvoir interagir avec les entités synthétiques exactement comme dans la réalité.
Ces dernieres années, les technologies AMVE ont évolu¢ de leurs applications initiales en tant que
supports de formation vers un large spectre d’applications militaires.

Ce compte rendu donne un apercu des activités de recherche et de développement AMVE au sein des
nations participantes. Une application militaire de ces technologies s’est révélé dans les domaines de la
formation, de la télé-exploitation, du soutien en mission opérationnelle et du commandement et controle.
La formation recouvre la formation a 1’exploitation véhicule, la formation individuelle et collective aux
compétences tactiques, ainsi que la formation au commandement et au contréle. La télé-exploitation
concerne la commande a distance des véhicules sans pilote. Elle recouvre également la médecine, c’est-a-
dire télédiagnostic et chirurgie. Le soutien en mission opérationnelle recouvre les nouvelles technologies
de soutien au combattant ou au fantassin débarqué durant sa mission opérationnelle. Enfin, dans le
domaine du commandement et contrdle, la technologie AMVE est utilisée pour visualiser les données de
situation tactique et les données géographiques de maniére réaliste.

Bien que ’AMVE soit un sujet de recherche, il existe des mises en ceuvre réussies de ces technologies.
Il est apparu assez to6t que I’AMVE ¢tait un domaine trop vaste pour inclure a la fois les applications
civiles et militaires. C’est pourquoi ce compte rendu se limite aux institutions militaires, aux sociétés ou
aux grands projets du secteur de la défense uniquement Méme dans ces conditions, plus de 100 domaines
différents ainsi que leurs interactions sont décrits en détail, ce qui fait de ce compte rendu une source
d’informations pour les personnes, les chercheurs et les gestionnaires concernés par ce domaine.

iv RTO-TR-HFM-121-Part-|



z?

ORGANIZATION

Table of Contents

Page
Executive Summary iii
Synthése iv
HFM-121 / RTG-042 Members Xiv
Introduction I
Canada — Virtual, Mixed, and Augmented Survey Project 1-1
1.0  Introduction 1-1
1.1 Background 1-1
1.2 Objective 1-1
1.3 This Document 1-1
2.0  Methodology 1-1
3.0 Results 1-2
Military
Armoured School 1-5
Army Experimentation Centre 1-6
The Army Simulation Centre (ASC) 1-7
Defence Research & Development Canada — Atlantic 1-8
Defence Research & Development Canada — Ottawa 1-11
Defence Research & Development Canada — Suffield 1-14
Defence Research & Development Canada — Toronto 1-15
Defence Research & Development Canada — Valcartier 1-19
Joint Command and Staff Training Centre (JCSTC) 1-21
Weapons Effects Simulator (WES) 1-22
Industry
Adacel Inc., Services Group 1-24
AEgis Simulation Technologies, Inc. 1-25
Amixima Corp. 1-26
Arius3D 1-27
Atlantis Systems International 1-28
Barco 1-29
CAE 1-30
CMC Electronics 1-31
CMLabs 1-32
CyberWorld, Inc. 1-33
Digital Image FX 1-34
eNGENUITY Technologies 1-35
Fakespace Systems 1-36
Fats Canada Inc. 1-37
RTO-TR-HFM-121-Part-l v



z?

ORGANIZATION

Industry (cont’d)

General Dynamics Canada 1-38

Greenley & Associates Inc. — Simulation and Visualisation Centre 1-39

The HFE Group 1-40

I-mmersion 1-41

InSpeck Inc. 1-42

The Learning Edge Corp. 1-43

Lockheed Martin Canada 1-44

MacDonald Dettwiler and Associates Ltd. 1-45

Manitoba Virtual Reality Centre 1-46

NRC Institute for Information Technology 1-47

NRC Virtual Environment Technology Centre 1-48

SAFEWORK Inc. Human Modeling Technology 1-49

Tactical Technologies Inc. 1-50

Thales Systems Canada 1-51

Vivid Group Inc. 1-52

Academic

Bell Canada University Labs 1-53

Carleton University — Aviation and Cognitive Engineering (ACE) Lab 1-54

eyeTap Personal Imaging 1-55

McGill University Center for Intelligent Machines 1-56

Queen’s University — Touch Laboratory 1-57

Queen’s University — Visual and Auditory Neurosciences Laboratory 1-58

Ryerson University — Virtual Environment Laboratory (VEL) 1-59

Schlumberger iCentre 1-60

Sheridan College — Visualisation Design Institute (VDI) 1-61

Simon Fraser University — School of Interactive Arts and Technology 1-62

University of Alberta — Department of Computer Science 1-63

University of British Columbia 1-64

University of Calgary — Computer Science Department 1-65

University of Laurentian — Virtual Reality Laboratory 1-66

University of Ottawa 1-67

University of Québec in Outaouais (UQO) — Cyberpsychology Lab 1-68

University of Toronto — Ergonomics in Teleoperation and Control Laboratory 1-69

(ETC Lab)

University of Waterloo 1-70
Denmark — Virtual Reality 2-1
1.0  Introduction 2-1
2.0 Civilian Projects 2-1

2.1 Civilian Research Laboratories 2-1
2.1.1 Centre for Pervasive Computing 2-1
2.1.2 Centre for Advanced Visualisation and Interaction 2-2
2.1.3 VR Media Lab 2-4
2.1.4 Centre for 3D Geolnformation 2-6
2.1.5 VR<C 2-7
Vi RTO-TR-HFM-121-Part-|



z?

ORGANIZATION

2.1.6 FORCE Technology 2-8
2.2 Civilian VR Research and Development Projects 2-9
2.2.1 Projects at Aarhus University 2-9
222 Projects at Aalborg University 2-17
2.2.3 Projects at Centre for 3DGI 2-26
2.2.4 Research Projects at VR+C 2-27
2.2.5 Projects at COWI 2-28
3.0 Military VR-Projects 2-29
3.1 HCI-Lab 2-29
3.2 F16 Flight Simulator 2-30
33 The Tank Simulator 2-30
34 Finished Projects 2-31
34.1 Tactical Trainer for a Group Leader 2-31
342 RTP 6.14 Virtual Environment in Military Decision-Making 2-33
343 VIKING GIS 2-33
4.0  Summary for the Danish VR Projects 2-35
Germany — Virtual, Mixed, and Augmented Survey 3-1
1.0  Introduction 3-1
1.1 References 3-2
2.0 Research Institute for Communication, Information Processing, and Ergonomics 3-3
(FGAN - FKIE)
2.1 Areas of Interest 3-3
2.2 Current Research Projects 33
2.2.1 Applicability of AMVE Technology as Tactical Situation Display (TSD) 3-3
2.2.2 Visualization of Massive Amounts of Abstract Data 3-4
2.2.3 Infantryman of the Future 3-4
224 Teleoperation of Unmanned Semi-Autonomous Vehicles 3-4
2.3 Results Achieved to Date 3-5
2.4 VR R&D Laboratory 3-5
3.0 EADS Deutschland GmbH, Military Aircraft 3-6
3.1 Areas of Interest 3-6
3.2 Current Research Project 3-6
3.2.1 Virtual Reality for Development, Manufacturing, Maintenance and 3-6
Training
33 Results Achieved to Date 3-7
34 VR R&D Laboratory 3-8
4.0 TABG mbH (Dept. “Networked Simulations” at Meppen) 3-8
4.1 Areas of Interest 3-8
4.2 Current Research Projects 3-9
4.2.1 Ergonomic Investigations with VR Techniques 39
422 Coupling of VE-Systems with Combat Simulation Systems 3-10
4.3 VR R&D Laboratory 3-11
5.0 CoCBT (KoCUA) — CO-operative Computer-Based Training for the Amphibian M3 3-11
5.1 Background 3-11
5.2 Technology 3-12
53 Delivery 3-13
RTO-TR-HFM-121-Part-l vii



z?

ORGANIZATION

6.0  Advanced Air Defence Training Simulation System (AADTSS) — VR STINGER Team
Trainer

6.1 Background
6.2 Technology
6.3 Delivery
7.0  Summary of Civil AMVE Research
7.1 Background
7.1.1 General Background
7.1.2 Criteria for Choosing Participants
7.1.3 Send and Return of Questionnaires
7.2 Technology
7.2.1 Computing Platform
7.2.2 Visual Display
7.2.3 Acoustic Display
7.2.4 Haptic and Kinesthetic Displays
7.2.5 Tracking Systems
7.2.6 Interaction Devices
7.2.7 Operating System
7.2.8 Visual Rendering Software
7.2.9 Acoustic Rendering Software
7.2.10 Supported Data Formats
7.3 Areas of Application and Research
7.3.1 Application-Dependent Software Modules
7.3.2 Areas of Research
7.3.3 General AMVE Technological Development
7.3.4 Product Design and Development
8.0  Conclusion
Appendix A: Participating Institutions

Sweden — Swedish Projects
1.0  FOI — Swedish Defence Research Agency
1.1 Operator Site
1.2 Cognitive Overview
1.2.1 A Research Platform: CoMap
1.3 Future Soldier Concepts

1.4 Operator Functional Status Assessment

1.5 Computer Generated Forces and Human Behavior Models

1.6 An Analysis of CMMS Focusing on Knowledge Acquisition and Knowledge
Engineering

1.7 Methods for Producing High Resolution Synthetic Environments / Environment

Models for Sensor Simulation
1.8 Computer Generated Forces — Methods and Means
1.9 Web-based HLA Federations and Simulations — Methods and Possibilities
1.10  Mission Specific Mapping and Visualization

1.10.1 Data Acquisition

1.10.2 Analysis and Data Processing

1.10.3 3D Modeling of Areas of Operations

3-13

3-13
3-13
3-14
3-14
3-14
3-14
3-14
3-15
3-16
3-16
3-16
3-17
3-18
3-18
3-19
3-20
3-20
3-21
3-21
3-21
3-21
3-22
3-22
3-23
3-23
3-25

4-1
4-1

4-1

4-6
4-6
4-6
4-6
4-6
4.7

viii RTO-TR-HFM-121-Part-|



z?

ORGANIZATION

1.11 Applications of the New Swedish Dynamic Flight Simulator 4-7

1.11.1 Introduction 4-7

1.11.2 Dynamic Flight Simulation Requirements 4-8

1.11.3 Technical Description Flight Simulation System 4-8

1.11.4 Field of Application 4-9

1.12  ACES — Air Combat Evaluation System 4-9

1.13  MOSART - A Platform for Integration of Research Results 4-10

1.13.1 Overview 4-10

1.13.2 Modules and Integration 4-10

1.13.3 External Links 4-11

1.13.4 Development 4-11

2.0  Research at Swedish Defence Materiel Administration 4-12

2.1 SMART-lab 4-12

2.1.1 Systems and Enterprise Analysis 4-12

2.1.2 Technology Demonstrators and C2 Exercises 4-12

2.1.3 SMART-lab Technology Development 4-12

2.2 SMART-lab VR-Projects 4-13

2.3 (2003-2004) SSG120 Armoured 120mm Mortar Project 4-13

2.4 (1999-2001) STRPBV90 Forward Command Vehicle, Ergonomics 4-13

2.5 (2002-2004) Submarines of the Gotland, and Sodermanland Class, 4-13
Half-Time Modification

2.6 (2003-2004) HMS Carlskrona, Half-Time Modification 4-14

3.0 SNDC — Swedish National Defence College 4-14

3.1 AQUA - Project 4-14

The Netherlands — TNO Human Factors 5-1

1.0 Areas of Interest 5-1

2.0 Current Research Projects 5-1

2.1 Mixed and Virtual Environment Operations 5-1

2.2 Tele-Operations 5-3

2.3 Command & Control 5-5

2.4 Wearable Augmented Technology 5-5

3.0  Results Achieved to Date 5-6

3.1 Mixed and Virtual Environment Operations 5-6

3.2 Tele-Operations 5-7

3.2.1 UAV Flying 5-7

322 Tele-Presence Control Station 5-7

323 Tele-Conferencing 5-7

324 Tele-Maintenance 5-7

3.2.5 Tele-Medicine 5-7

33 Command & Control 5-8

34 Wearable Augmented Technology 5-8

34.1 Tactile Suit 5-8

342 Integrated Head Based Systems 5-8

4.0  Collaborative Partners 5-8

5.0  Literature Prepared by Researchers 5-8

RTO-TR-HFM-121-Part-| ix



z?

ORGANIZATION

5.1 Mixed and Virtual Environment Operations 5-8
5.1.1 Basic Research and Virtual Prototyping 5-8
512 Desdemona 5-9
5.2 Tele-Operations 5-9
5.2.1 UAV Flying 5-9
522 Tele-Conferencing 5-9
523 Tele-Maintenance 5-9
524 Tele-Medicine 5-9
53 Command & Control 5-10
5.3.1 Common Operational Picture 5-10
532 Basic-T 5-10
54 Wearable Augmented Technology 5-10
54.1 Tactile Suit 5-10
54.2 Integrated Head Based Systems 5-10
6.0 VR R&D Laboratory Facilities Available 5-10
6.1 Mixed and Virtual Environment Operations 5-11
6.2 Tele-Operations 5-11
6.3 Command & Control 5-11
6.4 Wearable Augmented Technology 5-11
United Kingdom — Institutes in the UK Undertaking Research into Augmented, 6-1
Mixed and Virtual Environments (AMVE) for Military Applications of
Virtual Reality
1.0  Introduction 6-1
2.0 UK Defence — Some Current Programmes 6-1
2.1 UK Mission Training via Distributed Simulation 6-1
2.2 War Fighting Experiment (WFE)/Synthetic Environment (SE) Demonstrator 6-3
and Training Strategy
2.3 Human Effectiveness (C2) 6-3
2.4 Improving the Representation of Human Variability in CGF 6-3
2.5 Realistic Synthetic Environments for Secure Command Information Service 6-3
2.6 Automatic Extraction of 3D Information from Geospatial Data 6-3
2.7 Dismounted Infantry Virtual Environment (DIVE) 6-4
2.8 Using SE in Support of Department of State Activities 6-4
2.9 Avatar Mobile Instructor 6-5
3.0 UK Defence Research Facilities 6-5
3.1 Human Factors Integration Defence Technology Centre 6-5
32 The Applied Research Technology Demonstrator (ARTD) 6-5
33 Battlespace Management Evaluation Centre (BMEC) — British Aerospace 6-5
4.0 UK Academic Institutions 6-5
4.1 Cardiff University 6-6
4.1.1 C-HIVE - Cardiff Human Interfaces and Virtual Environments 6-6
Laboratory
4.1.2 Published Literature 6-6
4.2 Hull University 6-6
4.2.1 Hull Immersive Visualization Environment (HIVE) 6-6

X RTO-TR-HFM-121-Part-|



1

ORGANIZATION

4.3

4.4

4.5

4.6

4.7

Loughborough University

4.3.1 AVRRC - Advanced VR Research Centre

432 Recently Published Literature

University of Nottingham

4.4.1 COllaborative Virtual ENvironments — COVEN
442 Structured Evaluation of Training in Virtual Environments (STRIVE)
443 Recently Published Literature

Royal Military College of Science at Cranfield University
4.5.1 Flight Deck Officer Training

452 Parachute Training

453 Recently Published Literature

University of Surrey

4.6.1 Synthesising Human Motion for Virtual Performance

School of Computer Science Information Technology

4.7.1 The Realisation and Utility of Persistence in Collaborative Virtual
Environments

5.0 UK Commercial Companies

5.1
5.2
53
5.4
5.5
5.6
5.7

5.8

Facit — A Division of TWG Ltd.

Advanced Interactive Solutions Ltd.

Inition Ltd.

Maelstrom Virtual Productions Ltd.

Virtual Reality Centre at Teesside Ltd.

cueSIM (ex-Motionbase)

Pennant Training Systems Limited (PTSL)

5.7.1 Virtual Aircraft Training System (VATS)

5.7.2 Synthetic Environment Procedural Trainer (SEPT)

Virtalis — Naval Virtual Reality Close-Range Gunnery Trainer (CRGT)

United States — Human Factors Issues in the Use of Virtual and Augmented
Reality for Military Purposes

PAPER 1 — Air Force Research Laboratory — Mesa, AZ
1.1 Areas of Interest

1.2 Current Research Projects

1.2.1
1.2.2
1.2.3
1.2.4

Distributed Mission Training (DMT)

DMT Air

Night Vision Training System (NVTS)

Uninhabited Aerial Vehicle Synthetic Task Environment

1.3  Results Achieved to Date

1.3.1
1.3.2
1.3.3

Distributed Mission Training (DMT)
DMT Air
High-Resolution Visuals

1.4  Collaborative Partners
1.5  Literature Prepared by Researchers

1.5.1
1.5.2
1.53

Technical Reports
Papers in Professional Texts and Journals
Presentations to Professional Societies

6-7
6-7
6-9
6-9
6-9
6-10
6-10
6-10
6-10
6-11
6-13
6-14
6-14
6-14
6-14

6-14
6-14
6-15
6-17
6-17
6-17
6-18
6-19
6-19
6-20
6-20

7-3
7-3

7-3
7-3
7-5
7-5

7-6
7-6
7-7
7-10
7-10
7-10
7-12
7-12

RTO-TR-HFM-121-Part-|

Xi



z?

ORGANIZATION

1.6 VR R&D Laboratory Facilities 7-16
1.6.1  F-16 DMT Testbed 7-16
1.6.2  Night Vision Training Laboratory 7-17
1.6.3  High Resolution Visual Displays Laboratory 7-17
PAPER 2 — Army Research Institute (ARI) 7-19
2.1 Areas of Interest 7-19
2.2 Current Research Projects 7-19
2.3 Results Achieved to Date 7-19
2.4  Collaborative Partners 7-20
2.5  Literature Prepared by Researchers 7-20
2.5.1  ARI Reports 7-20
2.5.2  Papers in Professional Journals 7-22
2.5.3  Book Chapters 7-23
2.5.4  Presentations to Professional Societies 7-23
2.5.5  Other Publications 7-27
2.6 VR R&D Laboratory Facilities Available 7-28
PAPER 3 — NAVAIR Orlando Training Systems Division 7-29
3.1  Areas of Interest 7-29
3.2 Current Research Projects 7-29
3.2.1  Virtual Technologies/Environments (VIRTE) Demonstration I; 7-29
Expeditionary Warfare Combat Vehicles and Craft
3.2.2  Virtual Technologies/Environments (VIRTE) Demonstration II; 7-29
Close Quarters Battle for Military Operations in Urban Terrain (CQB for MOUT)
3.3 Results Achieved to Date 7-30
3.3.1 VIRTE Demonstration I, Combat Vehicles and Craft 7-30
3.3.2  VIRTE Demonstration II, Close Quarters Battle for Military Operations in Urban 7-30
Terrain (CQB for MOUT)
3.4  Collaborative Partners 7-30
3.5 Literature Prepared by Researchers 7-31
3.6 VR R&D Laboratory Facilities Available 7-33
PAPER 4 — Naval Postgraduate School 7-35
4.1  Areas of Interest 7-35
4.2 Current Research Projects 7-35
4.2.1 3D Visual Environments — Technical Director: Dr. Don Brutzman 7-35
4.2.2  Networked Virtual Environments — Technical Director: Dr. Don Brutzman 7-36
4.23  Computer Generated Autonomy — Technical Director: John Hiles 7-36
4.2.4  Human-Performance Engineering — Technical Director: Dr. Rudy Darken 7-38
4.2.5 Immersive Technologies — Technical Director: LCDR Russ Shilling, USN 7-39
4.2.6  Evolving Operational Modeling — Technical Director: LCDR Alex Callahan, 7-39
USN (ret)
4.2.7  Defense/Entertainment Collaboration Creative Director: Alex Mayberry 7-39
4.3  Results Achieved to Date 7-41
4.4  Collaborative Partners 7-42
44.1 Civilian 7-42
xii RTO-TR-HFM-121-Part-|



z?

ORGANIZATION

4.4.1.1 Academic 7-42

4.4.1.2  Corporate 7-43

4.4.1.3  Non-Profit 7-43

4.42  Military and Federal 7-43

4421  AirForce 7-43

4422 Army 7-43

4423  Marine Corps 7-44

4424 Navy 7-44

4.4.2.5 Foreign Military 7-45

4.5  Literature Prepared by Researchers 7-46

4.5.1  Theses and Dissertations 7-46

4.5.2  Conferences: Accepted/Published Papers 7-47

4.5.3 Invited Papers 7-48

4.5.4  Books, Chapters 7-49

4.5.5  Videotape, Live Demos, and Press 7-49

4.5.6  E3 Coverage of the Announcement of AA 7-49

PAPER 5 — Naval Research Lab (NRL) in VR 7-53

5.1  Areas of Interest 7-53

5.2 Current Projects: WHSIL 7-53

5.2.1  Creating Effective First Person Training Tools: Evaluating Locomotion Interfaces 7-53

5.2.2  Multi-Modal Sensory Integration for Training Transfer 7-54

5.2.3  Alternative Visual Displays 7-55

5.24  System-Independent Measures of Team Performance 7-56

53 VRLAB 7-57

5.3.1  Mobile Augmented Reality 7-57

5.3.2  Uncertainty Visualization 7-57

5.3.3  Multi-Modal Interaction 7-57

54  References 7-58

5.5  Literature Prepared by Researchers 7-59

5.5.1  WHSIL 7-59

552 VRLab 7-60

5.6  WHSIL Facilities Available 7-62

5.7 VR Lab R&D Laboratory Facilities Available 7-62

PAPER 6 — U.S. Army Research, Development, & Command (RDECOM) Simulation & Training 7-65
Technology Center (STTC)

6.1  Areas of Interest 7-65

6.2  Current Research Projects 7-65

6.2.1  Virtual Emergency Response Training System (VERTS) 7-65

6.2.2  Dismounted Infantry Semi-Automated Forces (DISAF) 7-65

6.2.3  Individual Combatant Virtual Simulation 7-65

6.2.4  Massively Multi-Player Simulation for Asymmetrical Warfare 7-66

6.3  Results Achieved to Date 7-66

6.4  Collaborative Partners 7-66

6.5 VR R&D Laboratory Facilities Available 7-67

RTO-TR-HFM-121-Part-| xiii



ORGANIZATION

y

HFM-121/ RTG-042 Members

CHAIRMAN

Dr. Thomas Alexander

Research Establishment for Applied Sciences (FGAN)

Research Institute for Communication, Information
Processing and Ergonomics (FKIE)
Neuenahrer Strasse 20
53343 Wachtberg Phone: +1 407 384 3980
GERMANY Fax: +1 407 384 3999

Phone: +49 228 9435 480 Fax: +49 228 9435 508 Email:

Email: t.alexander@gmx.de Stephen_Goldberg@peostri.army.mil

CO-CHAIRMAN
Dr. Stephen Goldberg
US Army Research Institute
12350 Research Parkway
Orlando, FL 32826
UNITED STATES

NATIONAL REPRESENTATIVES

CANADA
Dr. Lochlan Magee

Head, Simulation and Modelling for Acquisition

Rehearsal and Training (SMART) Section
DRDC Toronto

P.O. Box 2000, 1133 Sheppard Avenue West
Toronto, Ontario M3M 3B9

Phone: +1 416-635-2149

Fax: +1416-635-2184

Email: Lochlan.Magee@drdc-rddc.gc.ca

DENMARK

Ms. Lisbeth M. Rasmussen

Senior Adviser, M.Sc.

CIS-Section

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

Phone: +45 3915 1805

Fax: +45 3929 1533

Email: Ir@ddre.dk

FRANCE

MC. Paul Gorzerino
DGA/DCE.ETC4/ETAS

Chef de la Division Facteurs Humains
Etablissement Technique d’ Angers

Route de Laval, BP 36

49460 Montreuil-Juigne

Phone: +33 24193 6673

Fax: +33 24193 6703

Email: paul.gorzerino@dga.defense.gouv.fr

SWEDEN
Mr. Jonathan Borgvall

Research Officer, Swedish Defence Research Agency

Division of C2-Systems

Department of Man-System Interaction
P.O.Box 1165

SE-581 11 Linkoping

Phone: +46 13 378 232

Fax:  +46 13 124 938

Email: jonathan.borgvall@foi.se

Mr. Patrik Lif

Research Officer

Swedish Defence Research Agency
Division of C2-Systems

Department of Man-System Interaction
P.O. Box 1165

SE-581 11 Linkoping

Phone: +46 13 378 179

Fax:  +46 13 124 938

Email: patand@foi.se

THE NETHERLANDS

Dr. Nico J. Delleman
Simulation-Based Design Ergonomics
Department of Performance & Comfort
TNO Human Factors

Kampweg 5, P.O. Box 23

3769 ZG Soesterberg

Phone: +31 346 356 347

Fax:  +31 346 353 977

Email: Delleman@tm.tno.nl

Xiv

RTO-TR-HFM-121-Part-l


mailto:patand@foi.se

z?

ORGANIZATION

UNITED KINGDOM

Ms. Heather Mcintyre

DSTL

Rm 126, Bldg 115

Bedford Technology Park
Thurleigh, Bedforshire MK44 2FQ
Phone: +44 1234 716 446

Fax:  +44 1234 716 440

Email: hmmcintyre@dstl.gov.uk

Ms. Ebb Smith

DSTL

Policy and Capability Studies
Rm 126, Bldg 115

Bedford Technology Park
Thurleigh

Bedfordshire MK44 2FQ
Phone: +44 (0) 1234 225037
Fax:  +44 (0) 1234 225041
Email: mesmith@dstl.gov.uk

UNITED STATES

Lt. Joseph Cohn

Lead, Training Requirements
and Operational Evaluation

Navy Center for Applied Research

in Artificial Intelligence

Naval Research Laboratory

Code 5510

4555 Overlook Avenue, SW

Washington, DC 20375-5337

Phone: +1 202-404-8624

Fax:  +1202-767-2166

Email: cohn@itd.nrl.navy.mil

RTO-TR-HFM-121-Part-l

XV


mailto:hmmcintyre@dstl.gov.uk

z?

ORGANIZATION

XVi RTO-TR-HFM-121-Part-|



ORGANIZATION

REPORT DOCUMENTATION PAGE

1. Recipient’s Reference | 2. Originator’s References 3. Further Reference 4. Security Classification
of Document
RTO-TR-HFM-121-Part-I ISBN 92-837-1136-X | UNCLASSIFIED/
AC/323(HFM-121)TP/62 UNLIMITED

S Originator  posearch and Technology Organisation

North Atlantic Treaty Organisation
BP 25, F-92201 Neuilly-sur-Seine Cedex, France

6. Title
Virtual Environments for Intuitive Human-System Interaction — National Research
Activities in Augmented, Mixed and Virtual Environments

7. Presented at/Sponsored by
The HFM Panel as a Compendium to the Final Report — TR-HFM-121-Part-II.

8. Author(s)/Editor(s) 9. Date

Multiple December 2005
10. Author’s/Editor’s Address 11. Pages

Multiple 280

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

AMVE (Augmented, Mixed and Virtual Environments) Military applications
Augmented reality Military research
Emerging technologies Research projects

Human factors engineering Simulation

Human systems interaction Software development
Information processing Technology assessment
Information systems Virtual reality
Information transfer Visualization technologies

Man machine systems

14. Abstract

Augmented, Mixed and Virtual Environments (AMVE) are new paradigms and media that provide a
realistic training environment and a natural human-system interaction (HSI). This report is an
extensive compendium on the military organizations, activities and projects in this field. More
than 100 different activities and their interrelationships are described in detail, making this report
a source of information for interested persons, researchers and managers in this field.

RTO-TR-HFM-121-Part-|



z?

ORGANIZATION

RTO-TR-HFM-121-Part-|



NORTH ATLANTIC TREATY ORGANISATION

BP 25
F-92201 NEUILLY-SUR-SEINE CEDEX ¢ FRANCE
Télécopie 0(1)55.61.22.99 ¢ E-mail mailbox@rta.nato.int

RESEARCH AND TECHNOLOGY ORGANISATION

T

DIFFUSION DES PUBLICATIONS

RTO NON CLASSIFIEES

Les publications de ’AGARD et de la RTO peuvent parfois étre obtenues auprés 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 soit a
titre personnel, soit au nom de votre organisation, sur la liste d’envoi.
Les publications de la RTO et de I’AGARD sont également en vente aupres des agences de vente indiquées ci-dessous.

Les demandes de documents RTO ou AGARD doivent comporter la dénomination « RTO » ou « AGARD » selon le cas, suivi du numéro de série.
Des informations analogues, telles que le titre est la date de publication sont souhaitables.

Si vous souhaitez recevoir une notification électronique de la disponibilité des rapports de la RTO au fur et a mesure de leur publication, vous pouvez
consulter notre site Web (www.rta.nato.int) et vous abonner a ce service.

ALLEMAGNE
Streitkrafteamt / Abteilung I11
Fachinformationszentrum der
Bundeswehr (FIZBw)
Friedrich-Ebert-Allee 34, D-53113 Bonn

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

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

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

ESPAGNE
SDG TECEN / DGAM
C/ Arturo Soria 289
Madrid 28033

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

CENTRES DE DIFFUSION NATIONAUX

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 123
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 Documentagdo
Alfragide
P-2720 Amadora

REPUBLIQUE TCHEQUE
LOM PRAHA s. p.
0. z. VTULaPVO
Mladoboleslavska 944
PO Box 18
197 21 Praha 9

ROYAUME-UNI
Dstl Knowledge Services
Information Centre, Building 247
Dstl Porton Down
Salisbury
Wiltshire SP4 0JQ

TURQUIE
Milli Savunma Bakanligi (MSB)
ARGE ve Teknoloji Dairesi Baskanlig
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 complétes 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

Springtield
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)



NORTH ATLANTIC TREATY ORGANISATION

BP 25
F-92201 NEUILLY-SUR-SEINE CEDEX ¢ FRANCE
Télécopie 0(1)55.61.22.99 ¢ E-mail mailbox@rta.nato.int

RESEARCH AND TECHNOLOGY ORGANISATION

1

5 1

DISTRIBUTION OF UNCLASSIFIED

RTO PUBLICATIONS

AGARD & RTO publications are sometimes available from the National Distribution Centres listed below. If you wish to receive all RTO reports,
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 reports may also be purchased from the Sales Agencies listed below.

Requests for RTO or AGARD documents should include the word ‘RTO’ or ‘AGARD?”, as appropriate, followed by the serial number. Collateral
information such as title and publication date is desirable.

If you wish to receive electronic notification of RTO reports as they are published, please visit our website (www.rta.nato.int) from where you can

register for this service.

BELGIUM
Etat-Major de la Défense

Département d’Etat-Major Stratégie

ACOS-STRAT — Coord. RTO
Quartier Reine Elisabeth

Rue d’Evére

B-1140 Bruxelles

CANADA
DRDKIM2
Knowledge Resources Librarian
Defence R&D Canada
Department of National Defence
305 Rideau Street
9 Floor
Ottawa, Ontario K1A 0K2

CZECH REPUBLIC
LOM PRAHA s. p.
0.z VTULaPVO
Mladoboleslavska 944
PO Box 18
197 21 Praha 9

DENMARK
Danish Defence Research
Establishment
Ryvangs All¢ 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

NASA Center for AeroSpace
Information (CASI)

Parkway Center

7121 Standard Drive

Hanover, MD 21076-1320

UNITED STATES

NATIONAL DISTRIBUTION CENTRES

GERMANY
Streitkrafteamt / Abteilung I11
Fachinformationszentrum der
Bundeswehr (FIZBw)
Friedrich-Ebert-Allee 34
D-53113 Bonn

GREECE (Point of Contact)
Defence Industry & Research
General Directorate, Research Directorate
Fakinos Base Camp, S.T.G. 1020
Holargos, Athens

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

ICELAND
Director of Aviation
c/o Flugrad, Reykjavik

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

LUXEMBOURG
See Belgium

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

SALES AGENCIES

The British Library Document
Supply Centre

Boston Spa, Wetherby

West Yorkshire LS23 7BQ

UNITED KINGDOM

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

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

PORTUGAL
Estado Maior da Forga Aérea
SDFA — Centro de Documentagao
Alfragide, P-2720 Amadora

SPAIN
SDG TECEN / DGAM
C/ Arturo Soria 289
Madrid 28033

TURKEY
Milli Savunma Bakanligi (MSB)
ARGE ve Teknoloji Dairesi Bagkanligi
06650 Bakanliklar — Ankara

UNITED KINGDOM
Dstl Knowledge Services
Information Centre, Building 247
Dstl Porton Down
Salisbury, Wiltshire SP4 0JQ

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)
STAR is available on-line at the following uniform

resource locator:

http://www.sti.nasa.gov/Pubs/star/Star.html
STAR is published by CASI for the NASA Scientific

Springtield
Virginia 2216
UNITED STATES

Government Reports Announcements & Index (GRA&I)
published by the National Technical Information Service

(also available online in the NTIS Bibliographic
Database or on CD-ROM)

and Technical Information (STI) Program
STI Program Office, MS 157A

NASA Langley Research Center
Hampton, Virginia 23681-0001

UNITED STATES

ISBN 92-837-1136-X



	Cover
	Executive Summary
	Synthèse
	Table of Contents
	HFM-121 / RTG-042 Members
	Report Documentation Page



