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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 defis? 
(AGARD CP-577) 

S ynthkse 
La compCtence en matikre de simulation du vol est d’une grande importance pour I’ensemble des pays 
membres de I’OTAN et le deviendra de plus en plus eu Cgard B la rCduction gCnCraliste des budgets de 
dCfense. Ce symposium a fait le point de I’Ctat de l’art dans le domaine de la simulation du vol, afin 
d’identifier d’kventuels points faibles pour lesquels un effort supplCmentaire de recherche et dCveloppement 
serait ndcessaire. Les prksentations ont porte sur la simulation pour ingCniCrie et pour l’entrainement, tant au 
sol qu’en vol. 

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

- envisagent I’achat et la mise en ceuvre de simulateurs 

- travaillent au dCveloppement de simulateurs pour l’entrainement et I’ingCnitrie 

- utilisent des simulateurs aux fins de 1’ingCniCrie 

Le discours d’ouverture, prononcC par le Major-General G.K. Muellner USAF, a CtC un stimulant opportun 
pour le symposium, notamment par la description de I’application de mCthodes avancCes de modClisation et 
de simulation dans le cadre du Programme conjoint des technologies de frappe avancCes (JAST), qui a pour 
objet la fabrication d’un systkme d’armes abordable. 

Les communications techniques du symposium ont port6 sur la stimulation visuelle et motrice, les derniers 
progrks en modClisation, la simulation dans la conception et le dCveloppement d’aCronefs B voilure fixe et B 
voilure tournante et de leurs systkmes, la simulation et l’entrainement, la simulation en vol et les 
applications futures des simulateurs en rCseau. Bon nombre des communications, structurCes autour de 
programmes militaires actuellement en cours (Eurocopter Tiger, Comanche, Osprey, Rafale et C- 160), 
traitaient de l’emploi de la simulation pilotCe lors du dCpouillement des soumissions relatives 8 un 
hClicoptkre d’attaque. 
Le symposium a identifiC le thkme important de l’utilisation de simulateurs relies entre eux par les 
techniques de rCseaux, afin d’Clargir le champ de simulation de ccl’homme dans le boucle>> dans les 
environnements du champ de bataille, par l’association d’Cquipements opCrationnels rCels et simulCs. I1 en 
est rCsultC des Cconomies de coQts de dCveloppement. 

Un certain nombre de lacunes ont CtC identifiCes 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 rCsolution, les modkles des manceuvres au sol, la verification et la validation. Une nouvelle 
approche du problkme de I’identification et la dCfinition des caractkristiques topographiques demandies 
pour la simulation de sCquences visuelles a CtC exposee. Le symposium a considCrC que ce sujet devait faire 
l’objet de nouveaux programmes de recherche B rCaliser par les pays membres de 1’OTAN. 

I1 existe toujours un dCbat important sur la question de la quantitC de mouvement qui doit Ctre p e r p e  par le 
pilote et, dans quelles circonstances? L’intCrCt exprim6 pour ce sujet pourrait se concrktiser sous la forme 
d’un projet d’Ctude pour le Panel FVP. 

La tendance la plus indressante, qui s’est manifestCe tout au long du symposium, du discours d’ouverture 
jusqu’8 la fin, a CtC la notion de la conception et I’achat des futurs simulateurs offrant une large g a m e  
d’applications. Un simulateur CtudiC pour la conception de missiles air-air devra aussi servir pour les essais 
et devra Ctre integrable dans un programme d’entrainement. I1 est mCme envisagC, par exemple, qu’un 
simulateur d’essais d’un systkme de suppression infrarouge dCveloppC en France puisse Ctre compare h un 
autre au Canada travaillant sur le dCveloppement de missiles 8 autodirecteur infrarouge dans le cadre d’un 
exercice de simulation d’un rCseau rCparti pour les essais des moyens C3i air de 1’OTAN. De telles 
applications multi-Cchelon permettront de rkduire les coOts et d’amCliorer le rCalisme de l’environnement 
synthCtique simulC. 
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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 

bY 

L. D. Reid 
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M3H 5T6 

1. INTRODUCTION 

Flight simulation CoMinUes to be an ueaofexprnding 
a p p l i u t r o n s w B t e c b n i c a l ~ ~ ~ h a s L ! e e n  
driven to a COndduaMe extent by danoaswred cost 
bendts thataonue from its use. Many of the papers 

um touched uponmilitarycost 
W. Inaddition, 
an w i  mtwolked 

togetherino&xtoexpandthe.ira~cationintolarge- 
scale militsry operations inorder to study ina cost 
affective mannerauexpsnding repertoireof battle 
scmarios. 

The AOARD 'flight Simulation- where 
A n  the Qullenges?" addnssed awide rangeof topics 
covering the developat and application of flight 
&nulators. Most of the papers either d k d y  dealt 
with military topics or could be wed to military 
aspects of flight simulation 

May 22-25.1995, WBO divided into the following seven 
The sympsium, held in Brauaschdg, Germany. from 

&m visualandmotion~ingandnquiremeot. 

e l o p m e n t - ~ ~  . indesignand 
Mvsnas in modelling, Simulation in design and 

m L o p m e n t  -fixed wing and sycaems, simulation in 
training, In-flight simulation: its uses and bareflts. and 
hme applications. 

2. PaELDlINARYSPEAKERS 

K e y m  Spakw: MGcn G. K. M m h r  
"ImkeymeEpeechwllilpmvidedby MaprCkneralG. 
KMuellneroftheUnitedStatesAirForce,whohas 
had annillusaiouacanerin milirary flight and Was well 
qualified to lud off the symposium. His challenge to 
tbeaudienwwrsbssedonMsexperienceasPmgram 
Dimtor of the Joint Advanced Strilre Technology 
hgram (JAW. lbhs pgram is focussed on 
developing the mxt genrrafion strike aircraft weapon 
system for& US Navy, Marine Corps, Air Force and 

now the UK Royal Navy. He nulined his vision for 
achieving an atTonlable weapon system through the 
effective application of mde l l i q  and sim- 
which he described as 'wle dominant factof' in 
achieving the program's go&. His vision wasbased 
on four key ams. Fa use modelling and simulstion 
to support joint govemmmt and industry studies of 
possible trade-offs between cost and performance, and 
thusdeftneanaffordaLderequirrment second.expend 
the mle of simulation in the design and development 
pmcess sccomplishing as much as possible in the 
virtual world before building hardware. mating 
software or planning assembly. Third, use expensive 
flight and gmmd tests only as validation points for 
results obtained m u g h  modelling and simulation. 
Fourh, design all models, dambases and simulation 
mls to bere-usable at aU stages ofthe sysrem'slife 
cycle. including evaluation, training and force 
deployment. He illustrated this vMon by describing 
how the JASTpmgram, in what is truly adramatic 
expansionof the mle of modeUing and simulatim, is 
exploiting these concepts to achieve effectiveness, 
supportability and, above all, afi%dability. 

Se-g tlu Scene: S. B. Andemn 
This presentation was intended to set the -for the 
symposium by giving an historical perspective based 
on the speaker's extensive ftigbt simulation experience 
at NASA Ames Research Center over the years. By 
viewing the chaUenges and solutions from the past 
perhaps we will get a clcarer p i m  of where we are 

thelate 1940's andhas pmgwsd over the years to the 
cumnt vemion of the venical motion simulator (VMS) 
and the in-flight simulation u s b  a UH-6OA Black 
Hawk helicopter. A very complete chronicle was 
presented dong with the leasons learned at each stage. 
For example, they found that it was possibk OD obtain 
useful answers to problems fmm even crude 
simulatom. The speaker passed on a number of 
suggestions gained from experience: 

curently headed. Flight simulation at Ames began in 
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(1) &e ur9r often dictates tfie level of motion fidelity 

(2) vertical motion should not be Compiomised. 
(3) visuals with a wide field-of-view m often needed. 

(5) undenbpndinethelnnnanelementofthesysmnis 

required. 

(4) in-~tesDJwilloftenbeneededtoaccurately 
defineflightcriteria 

an imponant challenge.. 

3. sYMPOSIUM ORGANIZATION 

The sympim was divided into seven Bessions 
lmtahiq  34 tectlaical papera. It was wduded with 
ammj-table. forum which addwscd Uw qudm 
"Whatddengeshavelleenibemified?"and"whst 
issvcs for the future. have emerged?" 

generp1 layout of the symposium was as follows: 

Session I -'"Visual and Motion C w h g  and 
Req~remem."This topic is CBmal to the flight 
simulation field. Because it is a very had subject area 
thepaps in this seasiweould only hope to touch 
uponafewaymnpoimsofioterew Thiswasdone 

and display resolution. Some of the latest thinking on 
with the emphasis on VIsualScene Comentfequirmnents 

motionsystansm~outthesession. 

Session II-"A&ames in Modelling." Three of these. 
papas related to heli- modelling with an emphasis 

dealt with the nasging pblem of modelling aircraft 
gmdhandung. Thetinalpapertouchedon 
modelliogthetacticalawinmment. 

Session III- " S e n  in Design and Develojment - Roforcr@ft.." The first paper in this session dealt with 
the faidy new coucqd of employing simulations of 

Two papers deaIt with the application of simulators in 
the development of tilt-rotor aimaft. To round out the 
sessica, the use of simulation in the design of more 

onhelicopter/shipinterficesimulation onepapr 

candidatebelicopters inthe aircrpftselectionpocess. 

mventional haliwpers was described. 

Session N - - " ' S e n  in Design and Development - 
Fixcd Wing ond @ S t W . . "  
collectionof papers spaming abroad range of 
simulator a p p l i c ~ .  Ilweincluded allcraft 
developma HUD symbology development, a multi- 
uget simulator, flight clearance of vehicle 
management systems and a description of the NLR 
simulation facility. Although all the. papers were 

collfsined a 

n in Trdning." W session 
of theaewan 
level mining 

simulator. TMS WIB follbwed by two very usehrl 

programs. Thefinal 

tlightsimulatorstadies. Thi.shi~ghtedan 
to respond late to the 

I Session V(b) - "In-..ght Simuku&m - I t s  Uscs and 
BertcprJ." This was a vqy wbeplve session with all tbc 

simulator Winess 

'ty of such deviets. An 
of the Clpplication of in-flight simulatiion wuc indudea 
todemoMtratethe 
ill@- addition to 8 clession was sll itlTOrxmal 
report. during the xsmssion period. On RueSia 

ications." The papera in this 
of simulatom 

and asimulafionenvimment that goes beyOna &e 
flight simulator iW. 
sim- Feinted the 
trainersinthefulure. 

The total pticipatial symposium was indicative 
of 152 in aneadsnce, of 

-ben and 66 
ohrvers. The complete range of simulation 
wmmunity members aad foxmal 

paper on mobile train@ 
towards maller, lowcost 

4. TECHNICAL EVALUATION 

Semion I - V i e d  and Motion Cueing and 

The first paper of this session was a tuporial on visual 
information Thls 

RCquiMIWltS 

evaluation of several simulator visual syslems. The 
next two papcm dealtwiththe application anddesignaf 

descriptio~ of recently 
simulator motion sy 

systems. 
e l m  image generetion 



T-3 

neceslsaryinheli~rsimulators. Theexperimaa 
tookplace inthe NASA Amea V M S  amfigwed as an 

large yaw amplitudes under four diffemt morion 
conshah. Minimsl motbo washout was employed. 
The conclusionof the experiment was that the yaw 
rotational motion de~-of-fmdom may w be 
necessuyintfresimulationofhoveringflight W 
fsa canthen beused tofmzupwtratravelinodher 
degnxwf-fraedom in such motion systems as the 
popularhexppodconfiguratioa 

"-64helhpoX. Thetaxk8involvedaothsmgmd 

The analysis of the motion system hydraulic actuator 
loop degcribcd in Paper 6 was intaded to sbow how 
modemcontroldesiguscanbecoanbinedwithmodem 
actuators to m M z e  time delay and inncase 
bandwidth Although IXI ruwmd case was made 
p i n g  that tbls stepisessential to cm an identitid 
flaw inaurentsimulators, it doesmake sense to do the 
best you can when building a state-of-the-art rtsearch 
simulator. We can look forward to its demonmated 
effectiveness when the new simulator is completed. 

Paper 7 desaibed a new image generator product 
employing advaaced Zbu&r tedmology (Auec) for 
hidden surface elidmion and anti-alias@. TMs 
process speeds upimagepmesdngby e l i m i i t h e  
need topmess transpanotfaces at the ad of each 
mputation cycle. A genernl description of the 
AFWGEE-image generaor was given in ratherbroad 
termS. 

The Real-Time Simulation System (RTSS) as 
developed within the European ESPRIT pmject 

was outlined in Paper 8. From the 
description it would appear that this image gmRtor is 
similar in pelfomance to cunent low end hardwsre. 
Its mng feature is expandability and thus it may find 
applications where this is essential. 

Seasion II -Ad- in MddW 
In this session the first two praseoran'ons dealtwith the 
simulation of helicopten, landfng on mall ship. The 
next paper dealt with turbulent inputs to simulator rotor 
models and thus could be tied in with the 5Rt WO 
papers. This was followed by a description of the 
development of a gmund hadling model. The M 
paper in this &ondealt with gemming friendly and 
enemy aircraft in the simulation of a tactical 
environment. 

The mtorial presented in Paper 2 began by cautioning 
thevisual Uata base designer to be careful when 
d e M i w o W b = = = w e ~ ~ y p a e d i ~  
amichonesannecawyforaspech3ctast Thepper 
thenwentontoUsttheheonfePtPltsofstaticand 
dynmnicsoenss. Theputhorstbm~withsimulator 
bardwate cx&&ations a n d m  out that it was n~ 
pomible at thepwwnt time to optimh the visual 
display system'spaformance in all alms 
s i m m y .  A specialdisa~&onwasdedicptedto 
t h e s i m u l a p l o n o f ~ ~ v e h i c l e s .  Thepaper 
ended with the challe~ge to make impnmanents 
tbrwgbalistof~~aaarchanddevelopmenttopics. 
AlUmughU~~auhm did not deal with the potential 
benefits o f h l m a - m m t e d  displays, they presemed an 
excellmt d w .  

plper 3 clesxiM the development and application of 
a techniqueforiddfyhg what features sbouldbe 
r e d  in slmnlraed visual scenes for helicopter e attlefieldqKrptiorm. The first stepin the process is to 

identify and pri&& flying aaivitks in the battlefield. 
Next, the relative impmtance of visual simc 
corrlponans must be determined. Finally a relational 
datrbp& isgenented that canbeused by scene 
~ g n e m w h e ~ ~ d e c t i n g ~ t o ~ u d e .  A 

developdpnldesaiMinthepaper. Theauthors 

then implementad simulator triple. The process was 
deemedtobcsaccessful. Theauthomcuncludedtheii 
pmperwithssvenM~estoadv~thei iwo&to 
thenextlevelofmkmmh 'ng. The paper was quite 
com@ele and covered a broad range of work. 

The following preseo- (Paper 4) was unique in 
fbat it reporred on the evaluation of simulator visual 
di~@ysbytheusercommunity,~is,operational 
flgbtex pilm Time different visual display 
techaolo$es wen Oovered: projector/dome.  rea^ 
pmjectlon faceted and fiber opric belmet-mwmed 
display. They employed 26 tactical tasks in a 
subjmtive evaluation of unining e&oriveness. They 
~ t h a t a l l * v i B u a l  systemscouldbe usedto asin 
some but mall of the evaluationtasks. They 
carehrdedtbatalmnt systems do mtpmide adequate 
ooatnst. lGaohaim and brightness to allow for air 
model disuiminatim 

The motioncueing experiment descrii in Paper 5 
wa# well ooaoeived and executed. Its pupose was to 

p r p d l c a l l w o e c s s ~ c a n y i n g ~ ~ s t e p s ~  

cpaled outfield triple todemonstrate thepIweSs and 

determine -the yawing motionchannel was Paper 9 tackled one aspact of the simulation of 
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helicoptelslandingrnsmallships. Thehelipadb+lg 

impaas dractly on the pilot's SMllty to operate d 

at the stem ofthese ships is subject to the ship ainvake 
createdbytbeupwtndhulland~cture. This 
effect must be created in the simulator because it 

helicopterwhileoverthedeck. A m o d u l a r d  
model has been developed basedlargely on puW 
data and models describing wind effects around , 
buildings. The model is modular in form and inclades: 
corm flow, lee mor now, pmme drag flow, and ~ 

inilowkmflow. A suitable twb&nce model has w t  
ya been developed. The nsulting model has beeri 
testedagainstwindtmeldataandtestedin~ 1 
Advanced Flight Simulator at DRA Bedfod. In the 
lMtercasepilotacoeptamwasfavourable. The 1 
authors mggeated that~implwemem will be 
madesbrtly. Thbmodelshowsgreatpmmi~. ~ 

 he next (Paper 10) covered the brop 
spectmm of topics related to simutating the operafion 
of helicopters from small .?hips. The previous m r ' s  
ailwake work was ioctuded as one itan of interest, The 
author expanded on the needs involving visual d, 
motion cues. the aim& matkmatical model, the ship 
a i n v a k e a n d t u r b u l ~ ~  'on, and ship dotion 
modelling. Tying in with the Se&on I material, it was 
pointed out that in the visual display m a  there is a 
need for good scene te- and high molution, 
while good motion cues (including realistic kavelcues) 
can lead to more nalistic woMoads for the pilot. 1 
Some example results fmm simulation projects , 
imtolving handling quality ratings and performance 
werepesented. mswcnkhasindicatedthattheADs- 

v 

I 

33 Level liLevel2 boundaries need to be modifief for 
heIicoper/shp options. The paper emis with al list 
of challenges for future develojanems. Overall, 
paper indicated a very active and effective pgram in 
this are& 

The pmblem of generating tubuleace inputs for 
helicopter rotor models was addressed in Paper 11. 
Heretheproblem wastodevelopatechaiquethatlcould 
tie implemented in M-time and still produce ets 
acceprabletothesimulatorpilot. Thepposed 1 
technique is called S i o n  of Rotor Blade Element 
Turtulence (SORBW and it was tested on the b l W  
dementmormodelfoundinthehelicoptercode~ 
GarHel. Tests demonsaued mat current articulated 
and semi-rigid rotors ae insemirive to in-plane I 
turbulence and hence only t h e v e M  cmponenmneed 
be generated. SORBET &enerates two independept 
turbulence fields located at two points upwind of the 

rotor. Filteml white noise (using the Dry& spectrum) 
is employed and it is Bpzead along aline belweentk 
pinta (the onset line) using aprooesrci called Oallssian 

applied. allowing the twbulent field to sweep ova the 
rotor. Whcnfbwnin theWinaUH-60A 

inIeqKllation. Tbchozemflowasamqmn . ismen 

S i m u l a I I ~  pilots lesponded favourably. 

Paper 12oUtlioed the gemration of a groundhdl iq  
model for a simulation Qf the C-160 transport aircrp& 
The pnxzas included physical modelling and actual 
taxi trials. A paramcar ideMlfication procerrs was used 
as pen of the development (but not described in detail). 
of interest was the use mf an irnpuk inpt to simulate 
the complex spin-up of 
mention was nude of bmw the model handled bldiiq 
withbraLeaagaimtenginethrust overall,theproceslr 
described apacan to reflect cumntprsdice inthie as& 

The last paper in this d o n  (Paper l3) 
the rest in that it described the computer 
fiiendly aimaft and enemy nircraft in abattle 
simulation d o .  TQe author diclcussed the 

to implement this applwhto genemmg . anctical 
envinaunent. Heconcludedbymnhgthatitwasvery ' 
difficult to completely move human imeroentiOn 

wheels 011 landiqg. No 

lrquhments. the algomln and the tsctmDlogy needed 

fmnthiSpocess. 

session III - Simulation in Design and 
Development - Rotarcraft 
The fim paper of thk stssion described the use of I 

flight simulation as pallof the evaluation process in we 
p I K m m a l t o f a n a h e l i m .  Thenexttwo 
presentations de& wim the contribution of flight 
simulation to the development of tilt-mr aimail (the 
third paper ale0 included the RAH-66 helicopter). Tbe 
Rnal paper in this session involved the u8e of flight 
simulation in the development of an attack heMcopm. 

The use of piloted Right simulators to evaluate 
proposed aircraft during the procunmem decision- 
making proocss is a faidly new collcept Paper 14 
described the UK expemience in applying this technique 
tothreecandidateattaclrhelicoptem. Thempimd 
helicopter data were supplied by the bidders and the 
shulationwascpnitdoutinthe AdvsnadFlight I 

SiuIatorcoIlflgaredwithaLymcoclrpit. Hading ' 
quatities and agility were messed by the evaluation 
pilots following ADS-33. The pilots were pleasad with 
the p m s  and the !esults. The paper conduded with a 
summary of impomnt @mulator fealum needed for 
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