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Flight Simulation — Where are the Challenges?
(AGARD CP-577)

Executive Summary

Effective flight simulation is an important capability for NATO nations, and it will become even more

important in the face of reductions in defence budgets. The principal objectives of this symposium were

to review the state of the art in flight simulation, and to identify key areas where additional research and

development are needed. Presentations dealt with simulation used for engineering and for training, both
- on the ground and in flight.

The symposium met its objectives. The papers contained in the Proceedings should be valuable to
.anyone currently:

— considering the implications of procuring and applying simulators;
— developing simulators for training and engineering;

— using simulators for engineering;

— doing basic research in simulation.

The Keynote speech, by Major General G.K. Muellner, USAF, provided a dramatic stimulus to the
symposium by describing how advanced modelling and simulation methods are being used in the Joint
Advanced Strike Technology (JAST) programme to achieve an affordable weapon system.

Technical papers in the symposium deal with visual and motion cueing, advances in modelling,
simulation in design and development for both rotorcraft and fixed wing aircraft and their systems,
simulation in training, in-flight simulation, and the future applications of networked simulators. Many
of the papers were based on current military programmes: Eurocopter Tiger, Comanche, Osprey, Rafale
and the C-160, and included the use of piloted simulation in the evaluation process of bids for an attack
helicopter.

‘A significant theme emerged, to use simulators linked up via networking technology to expand the
scope of man-in-the-loop simulation into battlefield environments using a mixture of simulated and real
mission equipment. Cost savings in development have been achieved as a result.

Weaknesses in current flight simulation technology were identified in the area of visual displays, in
particular in achieving wider fields of view and higher resolution; in ground handling models; and in
verification and validation. A new approach to identifying and defining the features required in
simulated visual scenes was outlined; it would be useful to extend this new approach by further research
in NATO nations. There is still considerable debate on how much motion the pilot needs to ‘feel’, and
in what circumstances. This may well lead to a future study project in the Flight Vehicle Integration
Panel.

The most interesting trend apparent throughout the symposium, from the Keynote onwards, was the
concept that future simulators should be designed and procured for a wide spectrum of uses. A
simulator created to design air-to-air missiles should also be used to test missiles, and it should be
suitable for integration into a training system. It is even conceived, for example, that a simulator testing
infra-red suppression systems in France could be flown against a simulator developing heat-seeking
missiles in Canada, as part of a distributed simulation network exercise testing NATO’s air C31. Such
multi-echelon usage will reduce costs and improve the realism of the synthetic environment being
simulated.




Simulation de vol — quels sont les défis?
(AGARD CP-577)

Synthese

La compétence en mati¢re de simulation du vol est d’une grande importance pour ’ensemble des pays
membres de ’OTAN et le deviendra de plus en plus eu égard a la réduction généralisée des budgets de
défense. Ce symposium a fait le point de 1’état de 1’art dans le domaine de la simulation du vol, afin
d’identifier d’éventuels points faibles pour lesquels un effort supplémentaire de recherche et développement
serait nécessaire. Les présentations ont porté sur la simulation pour ingéniérie et pour I’entrainement, tant au
sol qu’en vol.

Le symposium a atteint ses objectifs. Les communications figurant dans le compte-rendu de conférence
doivent intéresser tous ceux qui:

— envisagent I’achat et la mise en ceuvre de simulateurs ‘
— travaillent au développement de simulateurs pour I’entrainement et 1’ingéniérie
— utilisent des simulateurs aux fins de I’ingéniérie

Le discours d’ouverture, prononcé par le Major-General G.K. Muellner USAF, a été un stimulant opportun
pour le symposium, notamment par la description de I’application de méthodes avancées de modélisation et
de simulation dans le cadre du Programme conjoint des technologies de frappe avancées (JAST), qui a pour
objet la fabrication d’un systeme d’armes abordable.

Les communications techniques du symposium ont porté sur la stimulation visuelle et motrice, les derniers
progres en modélisation, la simulation dans la conception et le développement d’aéronefs & voilure fixe et 2
voilure tournante et de leurs systtmes, la simulation et I’entrainement, la simulation en vol et les
applications futures des simulateurs en réseau. Bon nombre des communications, structurées autour de
programmes militaires actuellement en cours (Eurocopter Tiger, Comanche, Osprey, Rafale et C-160),
traitaient de 1I’emploi de la simulation pilotée lors du dépouillement des soumissions relatives a un
hélicoptere d’attaque.

Le symposium a identifié le theme important de l’utilisation de simulateurs reliés entre eux par les
techniques de réseaux, afin d’élargir le champ de simulation de «I’homme dans le boucle» dans les
environnements du champ de bataille, par I’association d’équipements opérationnels réels et simulés. Il en
est résulté des économies de coiits de développement. ‘

Un certain nombre de lacunes ont été identifiées dans le domaine des technologies de la simulation du vol,

en particulier en ce qui concerne les visualisations, ou il s’agit d’obtenir des champs de vision plus larges et

une meilleure résolution, les modeles des manceuvres au sol, la vérification et la validation. Une nouvelle ‘

approche du probleme de 1’identification et la définition des caractéristiques topographiques demandées |

pour la simulation de séquences visuelles a été exposée. Le symposium a considéré que ce sujet devait faire |

I’objet de nouveaux programmes de recherche a réaliser par les pays membres de I’OTAN. |
\
J

I1 existe toujours un débat important sur la question de la quantité de mouvement qui doit étre pergue par le
pilote et, dans quelles circonstances? L’intérét exprimé pour ce sujet pourrait se concrétiser sous la forme
d’un projet d’étude pour le Panel FVP.

La tendance la plus intéressante, qui s’est manifestée tout au long du symposium, du discours d’ouverture
jusqu’a la fin, a été la notion de la conception et I’achat des futurs simulateurs offrant une large gamme
d’applications. Un simulateur étudié pour la.conception de missiles air-air devra aussi servir pour les essais
et devra étre intégrable dans un programme d’entrainement. Il est méme envisagé, par exemple, qu’un
simulateur d’essais d’un systéme de suppression infrarouge développé en France puisse étre comparé a un
autre au Canada travaillant sur le développement de missiles a autodirecteur infrarouge dans le cadre d’un
exercice de simulation d’un réseau réparti pour les essais des moyens C3i air de ’OTAN. De telles
applications multi-échelon permettront de réduire les coiits et d’améliorer le réalisme de 1’environnement
synthétique simulé.
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Preface

Effective Flight Simulation is an important capability for NATO nations, and it will become even more important in the face
of reductions in defence budgets. This symposium reviewed the state of the art in flight simulation, in order to identify
weaknesses where additional research and development are needed. Presentations dealt with simulation used for engineering
and for training, both on the ground and in flight.

Papers on fixed and rotary wing, as well as tilt-rotor, aircraft are included. Much of the material was oriented on military

applications: Eurocopter, Comanche, Osprey, Rafale, and the C-160. Simulation was addressed both for individual systems
and for distributive networks.
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Technical Evaluation Report

L. D. Reid
University of Toronto Institute for Aerospace Studies
4925 Dufferin Street
North York, Ontario, Canada
M3H 5T6

1. INTRODUCTION

Flight simulation continues to be an area of expanding
applications and technical growth. This has been
driven to a considerable extent by demonstrated cost
benefits that accrue from its use. Many of the papers

resented at this symposium touched upon military cost

vings associated with simulator use. In addition,
increasingly groups of simulators are being networked
together in order to expand their application into large-
scale military operations in order to study in a cost
effective manner an expanding repertoire of battle
scenarios.

The AGARD symposium “Flight Simulation — Where
Are the Challenges?” addressed a wide range of topics
covering the development and application of flight
simulators. Most of the papers either directly dealt
with military topics or could be applied to military
aspects of flight simulation.

The symposium, held in Braunschweig, Germany, from
May 22-25, 1995, was divided into the following seven
sessions: Visual and motion cueing and requirements,
Advances in modelling, Simulation in design and
ﬂevelopment — rotorcraft, Simulation in design and

evelopment — fixed wing and systems, Simulation in
training, In-flight simulation: its uses and benefits, and
Future applications.

2. PRELIMINARY SPEAKERS

Keynote Speaker: MGen G. K. Muellner

The keynote speech was provided by Major General G.
K. Muellner of the United States Air Force, who has
had an illustrious career in military flight and was well
qualified to lead off the symposium. His challenge to
the audience was based on his experience as Program
Director of the Joint Advanced Strike Technology
Program (JAST). This program is focussed on
developing the next generation strike aircraft weapon
system for the US Navy, Marine Corps, Air Force and

now the UK Royal Navy. He outlined his vision for
achieving an affordable weapon system through the
effective application of modelling and simulation,
which he described as “the dominant factor” in
achieving the program’s goals. His vision was based
on four key areas. First, use modelling and simulation
to support joint govemment and industry studies of
possible trade-offs between cost and performance, and
thus define an affordable requirement. Second, expand
the role of simulation in the design and development
process accomplishing as much as possible in the
virtual world before building hardware, creating
software or planning assembly. Third, use expensive
flight and ground tests only as validation points for
results obtained through modelling and simulation.
Fourth, design all models, databases and simulation
tools to be re-usable at all stages of the system’s life
cycle, including evaluation, training and force
deployment. He illustrated this vision by describing
how the JAST program, in what is truly a dramatic
expansion of the role of modelling and simulation, is
exploiting these concepts to achieve effectiveness,
supportability and, above all, affordability.

Setting the Scene: S. B. Anderson

This presentation was intended to set the scene for the
symposium by giving an historical perspective based
on the speaker’s extensive flight simulation experience
at NASA Ames Research Center over the years. By
viewing the challenges and solutions from the past
perhaps we will get a clearer picture of where we are
currently headed. Flight simulation at Ames began in
the late 1940’s and has progressed over the years to the
current version of the vertical motion simulator (VMS)
and the in-flight simulation using a UH-60A Black
Hawk helicopter. A very complete chronicle was
presented along with the lessons learned at each stage.
For example, they found that it was possible to obtain
useful answers to problems from even crude
simulators. The speaker passed on a number of
suggestions gained from experience:
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(1) the task often dictates the level of motion fidelity
required.

(2) vertical motion should not be compromised.

(3) visuals with a wide field-of-view are often needed.

(4) in-flight tests will often be needed to accurately
define flight criteria.

(5) understanding the human element of the system is
an important challenge.

3. SYMPOSIUM ORGANIZATION

The symposium was divided into seven sessions
containing 34 technical papers. It was concluded with
a round-table forum which addressed the questions
“What challenges have been identified?” and “What
issues for the future have emerged?”

The general layout of the symposium was as follows:

Session I — “Visual and Motion Cueing and
Requirements.” This topic is central to the flight
simulation field. Because it is a very broad subject area
the papers in this session could only hope to touch
upon a few current points of interest. This was done
with the emphasis on visual scene content requirements
and display resolution. Some of the latest thinking on
motion systems rounded out the session.

Session Il — “Advances in Modelling.” Three of these
papers related to helicopter modelling with an emphasis
on helicopter/ship interface simulation. One paper
dealt with the nagging problem of modelling aircraft
ground handling. The final paper touched on
modelling the tactical environment.

Session Il — “Simulation in Design and Development
- Rotorcraft.” The first paper in this session dealt with
the fairly new concept of employing simulations of
candidate helicopters in the aircraft selection process.
Two papers dealt with the application of simulators in
the development of tilt-rotor aircraft. To round out the
session, the use of simulation in the design of more
conventional helicopters was described.

Session IV — “Simulation in Design and Development -
Fixed Wing and Systems.” This session contained a
collection of papers spanning a broad range of
simulator applications. These included aircraft
development, HUD symbology development, a multi-
target simulator, flight clearance of vehicle
management systems and a description of the NLR
simulation facility. Although all the papers were

interesting, the session lacked cohesion.

Session V(a)—* Simulation in Training.” This session
began with a detailed description of the German
experience with the Tornado low level training
simulator. This was followed by two very useful
papers on the structuring and analysis of training
programs. The final paper dealt with pilot response to
wind shear on the landing approach as measured in
flight simulator studies. This highlighted an
unexplained tendency for pilots to respond late to the
onset of wind shear effects.

Session V(b) — “In-flight Simulation - Its Uses and
Benefits.” This was a very cohesive session with all the
major players in the in-flight simulator business
represented. The papers tended to be up-to-date
descriptions of the various facilities. Some examples
of the application of in-flight simulation were included
to demonstrate the capability of such devices. An
interesting addition to this session was an informal
report, during the general discussion period, on Russian
in-flight simulation over the years.

Session VI - “Future Applications.” The papers in this
session tended to emphasize networking of simulators
and a simulation environment that goes beyond the
flight simulator itself. One paper on mobile training
simulators pointed the way towards smaller, low-cost
trainers in the future.

The total participation at the symposium was indicative
of a successful meeting with 152 in attendance, of
whom 46 were authors, 40 panel members and 66
observers. The complete range of simulation
community members was represented and formal
papers from six nations were presented.

4. TECHNICAL EVALUATION

Session I — Visual and Motion Cueing and
Requirements

The first paper of this session was a tutorial on visual
information. This was followed logically by a practical
paper on how to develop a visual data base. The next
paper fitted in nicely by describing the on-site
evaluation of several simulator visual systems. The
next two papers dealt with the application and design of
simulator motion systems. The final two papers were
descriptions of recently developed image generation
systems.



The tutorial presented in Paper 2 began by cautioning
the visual data base designer to be careful when
deleting objects because we cannot presently predict
which ones are necessary for a specific task. The paper
then went on to list the common features of static and
dynamic scenes. The authors then dealt with simulator
hardware considerations and pointed out that it was not
possible at the present time to optimize the visual
display system’s performance in all areas
simultaneously. A special discussion was dedicated to
the simulation of rotary wing vehicles. The paper
ended with the challenge to make improvements
through a list of research and development topics.
Although the authors did not deal with the potential
benefits of helmet-mounted displays, they presented an
excellent overview.

Paper 3 described the development and application of
a technique for identifying what features should be

resented in simulated visual scenes for helicopter

attlefield operations. The first step in the process is to
identify and prioritize flying activities in the battlefield.
Next, the relative importance of visual scene
components must be determined. Finally a relational
database is generated that can be used by scene
designers when selecting objects to include. A
practical process for carrying out these steps was
developed and described in the paper. The authors
carried out field trials to demonstrate the process and
then implemented simulator trials. The process was
deemed to be successful. The authors concluded their
paper with seven challenges to advance their work to
the next level of understanding. The paper was quite
complete and covered a broad range of work.

The following presentation (Paper 4) was unique in
that it reported on the evaluation of simulator visual
displays by the user community, that is, operational
fighter pilots. Three different visual display
technologies were covered: projector/dome, rear
projection faceted, and fiber optic helmet-mounted
display. They employed 26 tactical tasks in a
subjective evaluation of training effectiveness. They
found that all the visual systems could be used to train
some but not all of the evaluation tasks. They
concluded that current systems do not provide adequate
contrast, resolution and brightness to allow for air
model discrimination.

The motion cueing experiment described in Paper 5
was well conceived and executed. Its purpose was to
determine whether the yawing motion channel was
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necessary in helicopter simulators. The experiment
took place in the NASA Ames VMS configured as an
AH-64 helicopter. The tasks involved both small and
large yaw amplitudes under four different motion
constraints. Minimal motion washout was employed.
The conclusion of the experiment was that the yaw
rotational motion degree-of-freedom may not be
necessary in the simulation of hovering flight. This
fact can then be used to free up extra travel in other
degrees-of-freedom in such motion systems as the
popular hexapod configuration.

The analysis of the motion system hydraulic actuator
loop described in Paper 6 was intended to show how
modem control designs can be combined with modem
actuators to minimize time delay and increase
bandwidth. Although no reasoned case was made
proving that this step is essential to cure an identified
flaw in current simulators, it does make sense to do the
best you can when building a state-of-the-art research
simulator. We can look forward to its demonstrated
effectiveness when the new simulator is completed.

Paper 7 described a new image generator product
employing advanced Z-buffer technology (AZtec) for
hidden surface elimination and anti-aliasing. This
process speeds up image processing by eliminating the
need to process transparent faces at the end of each
computation cycle. A general description of the
APOGEE image generator was given in rather broad
terms.

The Real-Time Simulation System (RTSS) as
developed within the European ESPRIT project
HAMLET was outlined in Paper 8. From the
description it would appear that this image generator is
similar in performance to current low end hardware.
Its strong feature is expandability and thus it may find
applications where this is essential.

Session IT — Advances in Modelling

In this session the first two presentations dealt with the
simulation of helicopters landing on small ships. The
next paper dealt with turbulent inputs to simulator rotor
models and thus could be tied in with the first two
papers. This was followed by a description of the
development of a ground handling model. The final
paper in this session dealt with generating friendly and
enemy aircraft in the simulation of a tactical
environment.

Paper 9 tackled one aspect of the simulation of






