AD-A163 872

UNCLASSIFIED

]
HEN NN
[

ALL-WEATHER TACTICAL OPE_ (U) ADVISORY GROUP FOR
AEROSPACE RESEARCH AND DEVELOPMENT NEUILLY NOV 85
AGARD-CP-387 /G 172 NL

-
o

A 1L

i Je) | ]
N
e L

IE=EEE
L

"I
)

GUIDANCE-CONTROL-NAVIGATION RUTOHRTIONA;OR MIGHTiVV? va

\




[T

» e« 4
. - e
- 'y .

T .
AT A W .
Ll.\._ L A 3_"_1_\-::.' .

I

l
I

o
===
i

=
)
()

|
EE

ErFEEEEEE E

33

EEE

I

e
sl

N
(&

I

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

Y




-

o
l‘ I‘I‘l.

R et

[

XX
s
A

.‘l

AGARD-CP-387

AD-A163 072

”

W 7 TR

-

B

OR AEROSPACE RESEARC

AGARD CONFERENCE PROCEEDINGS No.387

Guidance — Control — Navigation J §
Automation
for Night All-Weather Tactical i B

Operations DTEE

T T
This dorvinart has been approved.,! I
i
)

for public release and sale; its +

distribution is; unlimited.

R G L I L T TN TR

DISTRIBUTICON AND AVAILABILITY
ON BACK COVER




e LR R Y T TRy D e Y T N W T T g T W W v "T"T
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PREFACE

I'he need o achieve night all-weather operation of tactical air forees in the face of increasing lethal threats is becoming
criteal und suggests a requirement for inereased automation in order to reduce pilot workload and improve performance
under such adserse operational conditions, Recent studies and recent experience in the tactical fleet suggest an approach to
thus problem i which an integrated and automated suidance -~ control navigation — display system would become a core
structure aroumd which further automattion could be developed as required.

For might all-weather operations, such a core structure might include atded flight path control through generation and
display of optional trajectories, generation of imagery for synthetie visibility, and display of both expected and unexpected
thicats i addition to automation of the functions of accurate positioning, precision tracking and automatic tevrain following
and wvordance, The technigques deseribed in recent symposia on technical integration and on microprocessor applications to
swdance and control. together with continuing rapid developments of technology in integration of multifunctional sensors,
computer architecture, microprocessor and data distribution systems, will permit many different approaches to automated
core structure. The purpose of the symposium was to explore the design characteristics and trade-offs involved in the
camponents, the functions and systems integration required to support the evolution and development of alternative core
structures which are capable of enabling etfective and routine night all-weather operations.

PREFACE

ldevientactuellement essentiel pour les forces acriennes tactiques, face aux menaces mortelles croissantes, de pouvoir
ettectenr des operations de nuit ¢t tout temps; il semble done néeessaire dlacceroitre Fautomatisation afin de reduire la charge
de tavand du prlote et daméliorer les performances dans ces conditions opérationnelles défavorables. De récentes dtudes
At que Fexpertence accumulees ces temps derniers par la flotte tactique semblent indiquer que, pour resoudre ¢e
probleme. on dot taire appel i un systeme de guidage. de pilotage, de navigation et d'aflichage intégré et automatisé qui
devicadrmtunce stracture centrale autour de laguelie on pourrait développer une automatisation additionelle selon fes

hesoms,

Pout les operations tout temps et de nuit, eette structure centrale pourrait inclure un controle assisté de la trajectoire de
vol grace a T'claboration eta Talfichage de diverses trajectoires possibles, un systeme générateur d'images pour visibilité
ssnthetique. ot Padtichage des menaces prévues ou non, qui s'ajouteraient & Fautomatisation des fonctions de positionnement
el de poursaite precise et de suivi de terrain et diévitement d'obstacles. Les techniques exposées au cours des symposia
recents s lintegration technique et sur les applications du microprocesseur au guidage et au pilotage, ainsi que les
developpements technologiques rapides et continus qui caractérisent Fintegration des capteurs multifonctions. architecture
des ordinateurs. les systemes de microprogesseurs et de diftusion de données, permettront d'aborder le principe de la
structure centrade automatisee de bien des fagons differentes. Le symposium a cu pour but d'explorer les caractéristiques ct
tes compronus relatits aux composants, ainsi que Fintegration des systemes et des fonetions requise par Févolution et le
developpement d'un choix de structures centrakes qui permettraient d'effectuer des opérations de routine tout temps et de
nuut
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Les missions par mauvaise visibilité nécessitent d'utiliser dc¢s senseurs adeé-

:b quats, mais auss’ de résoudre le probléme aigqu de charge de travail de 1'équipage. :
Hﬁ On doit décharger 1'équipage dans Jles tdches d'exploitation des senseurs et dans les
ié tiches d'exécution, mais on doit aussi 1'assister dans son rdle essentiel de déci-
;: sion et d'adaptation rapides aux conditions opérationnelles qui évoluent. Ces

considérations doivent orienter 1'architecture et 1'intégration de nos systémes &
partir des possibilités technologiques modernes.

i - INTRODUCTION

Un petit nombre seulement des missions confiées aux avions d'armes peut étre
effectué dans 1'état actuel des techniques, de nuit ou par tout temps. Il est
certain que l'extension des possibilités aux conditions ol la visibilité fait défaut
permettrait une augmentation considérable des capacités opérationnelles des forces
aériennes.

1V est évident que le probléme est de remplac » la vue de 1'équipage partout
oy elle est 1'instrument pour trouver 1'objectif : acguisition directe ou indirecte
{via des recalages de position), navigation vers la cible, etc. Un probléme complé-
rentaire, y compris dans certaines missions ol la capacité tout temps existe déja,
comme 1'interception air-air ou le tir missile air-mer, est de permettre le vol 3
proximité du sol ou de la mer ; ceci nécessite des moyens de méme nature que pour
1'acquisition d'objectif, mais correspond & des durées d'utilisation beaucoup plus
longues encore.

Il va donc s'agir d'abord de trouver des "senseurs" adéquats.

Mais il ne faut pas perdre de vue que la performance globale d'un systéne
d'arre réside non seulement dans les performances techniques d'Gquipements, mais
au.s? dans 1'aptitude & 1'emploi par 1'équipage. En effet, nous parlons ici de
systéries pilotés oG 1'ogpérateur humain est "dans la boucle”.

$31 V'automatisation semble étre, comme 1'indique le titre wéme de ce sympo-
siuri, une clé aux problémes, il est toutefois nécessaire de préciser son rdole. 11 ne
ceut Stre question pour ncus d'imaginer qu'elle permette de se substituer & 1'homme,
bien «u contraire ; elle doit J'assister dans sa tdche de décideur ol son cerveau

reste de facon cvidente la machine 11y plus puissante et la plus adaptative qui soit.
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C'est de ce point de vue que nous souhaitons placer cet exposé, en tant qu'in-
tégrateur de systémes. On peut d'ailleurs dire que les architectures matérielles et
jogicielles de nos systémes sont dictées autant sinon plus par les rgles de 1'équi-

page que par les aspects techniques purs.

Les considérations qui suivent s'articulent donc avant tout autour de la
charge de travail du pilote et de son impact sur J'efficacité opérationnelle glo-
bale. Les capacités de travail de nuit ou par mauvais temps rendent particuliérement

aigué cette charge.

can g
2 - POSSIBILITES TECHNIQUES DES SYSTEMES MODERNES
De quoi disposons-nous pour construire nos systémes ? Sans entrer dans les
détails, que nous laisserons aux spécialistes, dressons la Tliste des principaux
eléments qui nous intéressent.
.l - Les senseurs
K

- Les <enseurs inertiels. Les techniques se diversifient (centrales & plate- o 4

forme ou a composants 1iés, gyrométres laser ou & bille, etc.) et les per-
formances s'améliorent. Ces senseurs fournissent un paramétre essentiel pour

les conduites de tir, mais aussi pour le pilotage : le vecteur vitesse.

- Les radars voient également leurs performances et leur technologie évoluer.
Les possibilites actuelles apportent en particulier une diversification des
- modes de fonctionnement dans un méme radar (formes d'ondes, traitements
L) assuciés, modes de balayage, balayage é&lectronique,...) permettant wune
adaptation plus fine dux multiples conditions opérationnelles.

A2 A

Des senseurs nouveaux apparaissent ou se développent dans le domaine élec- R

tro-optique : le LIDAR, actif comme le radar mais fonctionnant dans Je

’

Nty
»
'

dowaine infrarouge, permettant une grande résolution ; les FLIR, passifs,

avec de grands champs fixes par rapport & 1'avion (présentables en téte

haute) ou de petits champs gyrostabilisés et orientables ; les caméras
telévision conventionnelles ou télevision bas niveau de lumiere (LLTV) ; Tes

détecteurs de points chauds ou de taches laser, ctc.

- e systénes de radiolocalisation @ NAVSTAR, [LS, MLS... ou fonctions de
tucalisation des systémes de transmission de données (JTIDS, SINTAC) ; ils
néirssitent une "infrastructure" externe,

- Llvs détecteurs de menace fonctionnrant le plus souvent dans les bandes radar,
mnais pouvant s'étendre au domaine laser., On peut mettre dans cette catcigoric ;
les détecteurs_de missiles. Ces dispositifs sont intégres dans des ensembles

d'autoprotection {brouillage, leurrage) aussi autoratisés que possible.

- ¢noopourre associer a  ces sensegrs directe des  sources fournissant  des

donnens gadirectement sur le monde extérieur @ les sytones de transmission

1r dunnées qui deviennent multilatérales, résaistrtes aux rontre-mesures ot
diqcretes (JTIDS, STHTACY ot qui peuvent avoir des fonction, de radioloca-
Tication, et les menoires de masse qui peuvent stocker o bhord des donnces

preperees avent la mission,




- Les dispositifs de visualisation et _de commande

- Les visualisations collimatées téte haute voient leur champ s'accroitre

{optique holographique). Elles sont maintenant capables de présenter des
tracés en mode cavalier, mais aussi des images de type télévision, utili-
sables de nuit (faible luminosité).

- les visualisations cathodiques de planche de bord, éventuellement coliima-

tées (ce qui apporte une solution de protection aux forts éclairements du
soleil et évite l'accomodation lors de transitions té&te haute-téte basse).
Ces visualisations sont capables de tracés cavaliers et de trames (type
télévision). Elles peuvent utiliser la couleur, dimension supplémentaire
aidant & résoudre les problémes de charge dc¢ travail. Elles peuvent étre
complétées et éventuellement remplacées par des écrans plats.

- A ces visualisations sont associées des générateurs d'images numériques

permettant une grande variété de présentations et de symboles.

- Le multiplexage des commandes se généralise et on explore le parti & tirer
des commandes et synthéses vocales.

2.3 - Les commandes de vol

tlles sont entiérement électriques et utilisent Jles capteurs et boucles
nécessaires pour assurer la trajectoire demandée de la facon la plus indépen-
dante possible des conditions extérieures. Elles assurent automatiquement les
limitations nécessaires & 1'aérodynamique, & la résistance structurale, etc.,
et ceci dans les différentes configurations d'emport de charges. Elles sont
sires, assurant a la fois une détection automatique des pannes et une recon-
figuration automatique aprés panne, avec une redondance élevée permettant de
résister & de nombreuses pannes, et ceci avec des temps de réaction extréme-
ment réduits.

Le moteur est maintenant considéré comme une commande de vol! comme une autre.

- Les moyens de calcul et de liaison
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la capacité des calculateurs augmente rapidement. Les systémes actuels com-
purtent déja plusieurs calculateurs dont les unités de traitement effectuent
vlus de 300 Kopérations par seconde ; sont disponibles maintenant des unités
de traitement de 700 Kopérations par seconde et méme 4.000 K (VHSIC).

Les capacités mémoire augmentent encore plus rapidement et réguliérement. On
dispnse de mémoires de masse de plusieurs Mégabits.

L'utilisation des bus numériques (GIMA, 1553 B) se généralise. Leur débit de

I Mport/seconde aujourd'hui sera multiplié par 10 ou plus dans la prochaine
decennie, rythme dejd atteint pour des liaisons spécialisées point & point.
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- TACHES A LA CHARGE DU PILOTE

Pour le besoin de 1'exposé, on peut distinguer les tdches suivantes

- établissement de la situation,

Yt - évaluation de la situation,
oy - prise de décision,
.~ ) _ )
;: - réalisation de la trajectoire-pilotage,
SR - mise en oeuvre des armes ou autres dispositifs de mission (matériels de
28 ) )
Sy reconnaissance, de brouillage offensif,...).
5 3.1 - Etablissement de 1a situation
.
-
s C'est essentiellement la mise en oeuvre des senseurs pour recueillir Tles
"‘ Y F3 : - > .
}.4 informations nécessaires sur le monde extérieur : terrain, superstructures,
1A
;?. menaces, objectifs...

Beaucoup de senseurs ont un fonctionnement trés délicat et nécessitent une
intervention importante de 1'équipage. Par exemple pour les radars : adapta-
tion permanente du mode d'émission et de traitement, choix des échelles, des
balayages (site, amplitude, nombre de lignes...), participation & la détec-
tion-identification des cibles, initialisation des poursuites ou contrdle
d'une initialisation automatique, surveillance de la poursuite, etc.

La sophistication des traitements devrait dans 1'avenir amélicrer la situa-
tion, on 1'espére, malgré un accroissement constant des exigences sur les
performances. Les possibilités de corrélation multisource devraient également
apporter une amélioration importante.

3.2 - Evaluation de la situation et prises de décision

C'est 134 qu'il est important de conserver tout son rGle & 1'équipage humain
qui doit rester dans la boucle. C'est son rdie noble.

Mais 11 faut l'assister au maximum dans ses tdches, en lui présentant des
synthéses claires, naturelles, des aides & la décision.

Un type d'aide essentiel consiste dans la prédiction d'évolution de la situa-
tion en fonction des actions envisageables.

rapurd 3.3 - Realisation de la trajectoire et mise en geuvre des_armes

Les prises de décision concernent en permanence un choix de trajectoire et

ponctuellement 1a mise en oeuvre des armes ou matériels autour desquels la

.- mission d'attaque est articulée, ou bien permettant 1'autodéfense ou 1'auto-
nrotection.

Pour ailéger la charge de travail, des automatismes doivent assister 1'équi-
saje dans les tdches non intelligentes en lui laissant le contrdle (évaluation
de la situation). I1 faut le décharger des problémes de sécurité chaque fois

au'on peut le faire de facon automatique, d'autant plus que les réactions
correspondantes nécessitent le plus souvent des temps de réponse trés brefs,

v;E\ hors des poccibilités du pilote ou qui mobiliseraient complétement le pilote
-
-.‘:'._ pour les obtenir,
<
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Muroplace - Biplace

Le question peut étre posée de savoir si, pour résoudre les problemes sigGus de
charge de travail rencontrés dans un ygrand noumbre de missiuns, il ne faut pas

préeconiser 1'utilisation d'un équipage double : pilote et officier systeme.

e n'est pas le role de 1'ingénieur de prendre de telles positions. C'est par

contre son rdle de proposer aux utilisateurs un maximum de solutions techni-
ques et ergonomiques permettant de retarder le plus possible le moment od le
biplace devient indispensable. [1 nous apparait clairement en effet que le
"coGt" humain correspondant (formation, entrainement, permanence,...) est trés

eleve,

5 - INTEGLRATION DES SYSTEMES

S.1 - ttablissement de la situation

tious pouvons developper un peu le concept d'utilisation de fichiers de rensei-
gnements qui peuvent étre emportés dans des mémoires de masse et preparés

avant la mission.
Ces fichiers comportent

des données altimétriques et planimétrigques sur le terrain,
des renseignements tactiques divers, par exemple la localisation de menaces
connues, leur volume léthal, position d'objectifs, etc.

La position horizontale de 1'avion est mesurée en permanence par la centrale a
inertie. Elle peut étre recalée ponctuellement & 1'aide des autres senseurs
dispunibles. Par exemple, ce recalage peut étre réalisé par corrélation d'une
carte radar ou de la hauteur de la radiosonde avec des données prévisionnelles
stockees dans la mémoire de masse.

La centrale irertie’le mesure également les attitudes.

L'eltitude, elle, est entretenue par un couplage adéquat entre les informa-
tisns inertielles et anémoborométriques et peut étre ponctuellement recalée
po7 rapport au sol & 1'aide du radar, de la radiosonde ou d'un systéme d
réediclocalisation.

Avres recalage, le systéme propose donc des données permanentes, pour repre-
sertation au pilote, du terrain en remplacement de la vue directe et des
renselgnements  tactiques dont on dispose. Four la sécurité & tres basse
altitude, cela n'exclut probablement pas de disposer d'un capteur externe de

stécurite,

o peut dreccer e tableau des possibilités d'utilisation des difterentes
resseurces qui doivent étre corréléces en‘re elles pour assurer les différentes

tonctoroans
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fonction Détection
Localisation Recalage _ '
Ressource Obstaecles Menaces Objectifs
fentrale 0
inertielle
Radiosonde 0
Kadar 0 ¢ 0 0 i
vl
Lidar 0 0 0
FLIR, TV, LLTV 0 0 0
LS, MLS 0 0
NAVSTAR 0 0
JTIDS/SINTAC X X X
Détecteur de 0 0
menaces
Fichivrs X X b X X 1
terrain +
renseignements
0 » senscur direct !
£ s renseignements }
i
Gro ne détaille pas ici les nombreuses corrélations envisageables dans les 4
differentes missions air-air ou air-surface. On ne détaille pas non plus les
differentes fonctions correspondantes des radars et des senseurs optroniques.
un notera le rdle particulier joué par les systémes nouveaux de transmission ,A{
de dJonnées protégées a grand débit pour créer une coopération de plusieurs ; IR
avions entre eux et avec la surface. Ces systémes apportent une dimension
supplémentaire a la mise en commun de plusieurs ressources {chague avion
pnarra disposer des informations recueillies par les autres), et une dimension
supblenentaire dans la coordination des attaques.
“eecentation de la situation - Aides a la décision
Avet les donrnées dont on dispose ainsi en permanence ou par détection directe,
vopeut precenter au pilote des synthéses dans le but
: o . 3
- e rerplaser da vision extéricure, ) ]
- 1eneichir catte vision par adjonction de velumes virtuels correspondant 3
et zetes dargareuses, a  des veolumes de manceuvre, axes priéférenticls
Prttanue, .
oty b cae Acheart une anticipation en permettant au pilote de
rrL Tt e vensesgrerents en avance de phase sur le déroulement de ta i
N N
. . : . !
o torme pere den syntneses  doat pernettre ure  intevpretation naturelle,
teotlitant Ta prise de deci-von,
Waus o avune déje dit o que e cguipenents de yvisuelisation rodernes permettaient
urie grande richesse d'imige | crcr est tres utile par exemple pour obtenir des !
repriqentations trés figuratives pour remplacer la vision extérieure. {
) J
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Mais cela ne doit pas nous conduire & des présentations complexes pour le
pilote. On doit au contraire opérer en permanence pour chaque phase de mission
et chaque situation une stricte sélection de toutes les informations néces-
saires mais des seules informations nécessaires. Ainsi, i1 faut faire des

choix et des synthéses.

Dans le processus de prise de décision, la présentation de la situation doit
s'accompagner d'aides & la prédiction des conséquences des décisions. Ainsi,
1'utilisation du vecteur vitesse pour ce qui concerne le pilotage de la tra-
jectoire est-il un moyen évident de montrer la trajectoire future.

L'état de la machine (carburant, moteur,...) intervient dans 1'analyse de la
situation et il est nécessaire de méler aux présentations les informations

correspondantes sélectionnées et synthétisées de facon convenable.

Réalisation de la trajectoire et mise en oeuvre des armes

Ces actions peuvent étre manuelles ou automatiques.

4.3.1 - Reéalisation manuelle

L'assistance au pilote peut consister en "guidages", le terme devant étre pris
au sens large, couvrant aussi bien Ta trajectoire que les actions de mise en
ceuvre d'armes cu d'équipements particuliers & certaines missions (rec~nnais-
sance, brouillage offensif,...). Ces guidages peuvent é&tre élaborés si 1'on
dispose de tactiques d'action fixes ou reprogrammables avant la mission.

Or peut utiliser la notion de "directeur d'ordre" qui dicte au pilote ses
actions, mais i1 est intéressant de noter que e pilote les exécutera d'autant
mieux qu'il gardera une perception aisée de la situation, c'est-d-dire du
résultat permanent de son action, plutdt que de suivre "en aveugie" un direc-
teur d'crdre.

On préférera donc généralement la notion de “couloirs de guidage" présentés en
superposition, dans le méme espace, que la synthése de situation. Et bien
souvent la synthése de situation pourra se suffire a elle-méme, si elle est
bien concue.

C'ect une facon de permettre au pilote de jouer tout son rdle d'adaptation aux
changenents opérationnels. Réfléchissons par exemple & ce qui Se passe dans
ies premiers jours d'un conflit !

4.3.2 - Realisation automatigue

hous avons déja dans nos avions d'armes des systémes Gqui réalisent automati-
juement les séquences de tir, initialisées ou autorisées par le pilote. De
rame, les contre-mesures d'autnprotection comportent des automatismes. Nous
avers egalement dans nos avicns des modes de pilotage automatique : tenue de
routi:, de pente, de virage, d'altitude, approche ILS, etc.

¢ tont ces noticns qui se généralisent dans Tes concepts d'intégration
piiatage/conduite de tir (1FFC).

8
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Ceci est rendu possible dans la mesure ou on dispose dans les systémes moder-

nes

- de commandes de vol sidres,
- des interfaces nécessaires avec le reste des systémes d'armes.

Dans les phases de mission ol des tactiques peuvent étre programmées & 1'a-
vance, il y a intérdt a remplacer le pil .zg9e manuel par un pilotage automa-
tique, laissant au pilote une charge de surveillance (incluant - malheureuse-
ment - la surveillance du bon fonctionnement des capteurs) et une charge
d'innovation pour s'adapter aux variations de 1'environnement. Cela signifie
que le pilote peut modifier & volonté les consignes d'entrée des automatismes.

Problemes de sécurité

Mous avons déja signalé 1'importance de la sécurité des commandes de vol.
Fvoquons aussi celle des informations de pilotage dont dispose le pilote.

Dans les systémes modernes en développement, une redondance d'ordre deux (sans
compter les instruments "get you home") est respectée globalement pour 1'en-
semble de la chaine d'élaboration et de présentation des informations de
pilotage et de conduite machine, & savoir essentiellement

- sources inertijelles et ané&mobarométriques,
- interfaces avec les systémes avion (carburant, moteur,...) et avec les
commandes de vol,

- visuyalisations.

Le but est d'obtenir :

- une détection automatique des pannes de la chaine des informations de
pilotage et d'alarme,

- une reconfiguration pour poursuite aprés panne - si possible avec les mémes

informations de pilotage (vecteur vitesse par exemple).

Préparation/restitution de mission

Nous avons présenté des concepts d'utilisation en vol de données de mission
emportées dans des mémoires de masse :

- fichiers de terrains,

- fichiers de renseignements sur les menaces (localisation, signatures,...),
- programmes d'attaque, de brouillage, d'évasives,

- etc.

Lle réle de la restitution des missions est évident pour 1'obtention des
renseignements, qui seront d'autant plus frais qu'ils pourront étre recueillis
au cours de toutes 1les missions, sans oublier bien entendu les missions
spécialisées de reconnaissance (y compris ELINT).

La ¢réparation de mission recouvre de nombreux aspects, tels que

- nelection des donnéecs & emporter pour la mission,

IR .-
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% - recherche préalable de trajectoires ou manoeuvres optimum (par rapport au
S0 .
-t relief, aux menaces,...),
'?. - familiarisation, entrainement.
",
> .
3 Une compatibilité étroite entre les moyens de restitution, de préparation et
. les systémes avion eux-mémes est indispensable,.
.'-.\
S
’“3 Nous pouvons insister sur le fait que la préparation des missions est, grace &
LY
S, la richesse des moyens disponibles, en particulier grdace & la capacité sans
ﬂr B

o cesse croissante des mémoires, une voie efficace pour la diminution de la e
. eyl v

charge de travail en vol et 1'amélioration des performances opérationnelles
globale- .

Mais en latssant, la aussi, intervenir les équipages, on leur permet leur role
d'adaptation rapide aux conditions opeérationnelles.
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8 Nius avens essaye de presenter un certain nombre de concepts pour illustrer la - '?

o tomt Tes teonniques disponibles doivent permettre d'assurer avec les avions

.

= dtarres des o wisotang de plus en plus complexes, avec des performances croissantes,
malyrs ane charg s de travarl ¢levée pour les équipages.

S “aai avonrt cherche & faire ressortir quel équilibre nous pensons devoir

- realtser entee "lautaratisation et le rdlte de 1'équipage, ce dernier se voyant

- resciumer t onntenu Jdans Ta boucle pour assurer aux systémes le comportement le plus

- sdapt 1t et ante'lligent possible,
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! A Cost-Effective Night Attack System for Ground Attack Aircraft
»
: i
1
" J F Fisher, Marketing Executive, and
' G R Sleight, Airborne Display Divisional Manager
i GEC Avionics, Rochester, Kent, MEl 2XX, UK
i
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SUMMARY ' ‘1

Current ground attack fighters have a good day VFR capability. However, they are . o
generally ineffective at night. GEC Avionics have ueveloped a simple integrated night . ;uﬂw:ﬂ
vision system which allows a pilot to operate effectively at high speed and low level. :

The system uses a fixed forward-looking FLIR sensor to display imagery to the pilot on a
raster head-up display. This allows him to terrain-follow and acquire targets. He then
ases a touch-sensitive head down display to designate targets to his weapon system for
subsaguent attack. The pilot is also equipped with night vision goggles to permit hard
-ineoivring, and with a digital map to enable him to navigate flexibly. By designing the
sntire system as an integrated whole, cockpit workload is minimised. A series of flight
*1iais nas clearly proved the concept. The US Marine Corps AV-8B and RAF Harrier GRS
will snon be oquipped with just such a system.

1. Introduction

“..r rany years, all ground attack and strike airplanes have had an impressive opecrational
‘.panility by day in favourable weather cenditions. This had not however been matched by
oir bal weather and night capabilities, which have until recently, been very limited.
ndend most attack arrcraft have been incapable of flying at low level, acquiring targets
r attacking those targets unless the pilot is able to see a reasonable distance ahead of
is airplane; this distance is a function of terrain, airspeed, weapon, system accuracy

4 pilot skill. 1In general, it can be assumed that most attack airplanes are only fully
fective in day VFR conditions. Figure 1 shows the average conditions which are to be
“uund in Central Europe in winter. It can be seen that in winter the attack airplane is
fally =ftective on average for just 20% of the 24 hour period. This is highly
indesirable both because of the reduction in overall capability of the attack force, and
because it allows an enemy force to operate freely for a large proportion of the time.
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Itowe can give the pilot a full night and all weather attack capability, he will be able
to tly at low level at all times. However, such systems are expensive and he still has

to be able to acquire, identify and attack tactical targets to be fully effective. A 5
cost-effective compromise is to provide the pilot with a full night VFR low level

operational capability; this will not on its own permit all-weather operations, but it
will expand the operational period from 20% to 60% of the 24 hours. GEC Avionics has
oeen instrumental in developing such a system, which has been demonstrated on a Hunter
aircra‘t at the Royal Aircraft Establishment, Farnborough, and on a TA-7C Corsair
aircraft at the US Naval Weapons Center, China Lake. Thesc flight trials have clearly
temonstrated that a relatively simple system can allow A single seat yround attack or
strike pilot at night in VFR conditions to:

N Operate from a totally darkened airfield.

2) rake off and land from a darkened airfield without any ground-bvased visual
assistance.

50 Fly at high speed and low level over a wide variety of terrain without any
active aircraft emissions.

1) Locate both static and tactically mobile targets, including tanks, in a i -4
designated area.

o

Attack those targets with standard unguided weapons using normal day time
tecshnigques.

6) Alternatively, to designate targets for attack by a guided weapons syst.m,
while [lying at low level.

Yraditionally, any one of these tasks would have been considered to be a very hign
workload at low level by night. We have conclugively demonstrated that they can all be
nioved by relatively inexperienced pilots with a comparable workload to normal dayvtime
tuw level operations. The koy to this achievement has been the design of a fully
integrated system, designed to operate syncergistically in the fighter cockpit to minimise
~orxload, Currently GEC Avionics can claim to be the only company in the world with this
capability and oxperience.,

2. _The Operational Task

ine for+t ossential is the ability to sately and consistently fly at low level by night .,




witnout this capability, the aircraft will be too vulnerable to enemy defenses to
survive. However, it is of little value on its own. The pilot must also be able to
navigate, locate, identify and attack targets and, not least, operate covertly from his
home base. We can define the pilot's operational tasks while flying at high speed and
low level as comprising:

1) Terrain following.

29 Manocuvring the aircraft with large (85 degrees plus) angles of bank.
3 Navigation.

4) Target acquisition.

5) Target designation.

6) Weapon aiming.

Plus:

7) Covert airfield operation.

3. The Integrated System

The first task, terrain following, can be achieved using an electro-optical sensor with
its imagery overlaid on the real world and scaled one to one. The scaling and
registration are both necessary to maintain pilot orientation and to allow him to use the
same low flying techniques by night as he does by day. The sensor/display combination
can be either a fixed forward looking FLIR with its imagery displayed on a raster HUD, or
a pair of night vision goggles (NVGs). Extensive flight trials, both in the UK and the
USA, have conclusively demonstrated that either system will allow a pilot to fly a
straight course, following the terrain contours with a low workload.

However, the pilot also needs to be able to maneouvre the aircraft at low level. 1Initial
trials using a fixed sensor/HUD combination showed that hard maneouvring was only
possible when the HUD had a large instantaneous (particularly vertical) field of view.
For example. Figure 2 shows the effect of attempting a high rate turn with a conventional
HUD with a 20° by 15° field of view. The look angle into the turn is not adequate to
clear the aircraft's flight path, and the orientation cues are limited. This factor
dictated the USAF requirement for the raster HUD for the LANTIRN programme, with its
field of view of 30° by 18°. As shown in Figure 3, this offers a greatly increased
ability to look into a turn, and hence maneouvre hard at low level. The LANTIRN HUD uses
holographic optical techniques to provide the large instantaneous field of view while
remaining within the space constraints of the F-16 (Figure 4) and the A-10 cockpits. It
has been sucessfully and extensively tested in both aircraft and is approaching the
production phase. Indeed the F16 LANTIRN HUD has now flown over 750 missions and the
contractor involvement provided by the combined test force has proved to be of
significant assistance in the achievement of the impressive -apability now demonstrated
in the LANTIRN equipped F16 aircraft.

The alternative system using night vision goggles permits hard maneouvering, since the
pilot can look around freely using the NVGs mounted on his helmet. Conventional goggles,
such as GEC Avionics "Night Owl" system (Figure 5) provide electro-optical imagery
directly in front of the pilot's eyes; however, he has to look around them to monitor the
cockplt instrumentation.

NV3s nave one major disadvantage; they cannot detect thermally-significant targets,
unlike a FLIR which can acquire "hot" military targets. Trials at RAE Farnborough and US
NWC China Lake with GEC Avionics' systems have shown that the combination of FLIR imagery
on a HUD with NVGs can be very effective. The pilot uses the NVGs to scan freely, and
the FLIR imagery to detect targets. However, he is then looking at his FLIR imagery
through the image intensifier tubes of the goggles. Seeing an electro-optical image of
an electro-optical image in this way severely degrades the FLIR resolution. In addition,
ther2 is a basic frequency incompatibility between NVGs and a holographic HUD (such as
21tner the F-16 and A-10 LANTIRN HUDs or a conventional HUD with a holographic combiner).
SES Avionics therefore developed "Cats Eyes" NVGs (Figure 6). These have a unique
wtical arrangement., A clear “"see-through® glass combiner is mounted in front of each
vyt With the image intensifier line of sight 1 4/4 inches (3 cms) above the pilot's
direct line of sight (Figure 7). This allows the pilot to view the electro-optical
iragery ‘ror the image intensifier tubes, as on conventional NVGs. In addition, he
r2tains nis direct view of both the cockpit instrumentation and ‘the HUD. This means that

A does rat lose any of the resolution of his FLIR image. Flight trials at both NWC
‘lna Lake and NATC Patuxent River have confirmed the validity of this technique, and the
Marine Corps are buying a number of sets to continue the evaluation,

*loen® in the system is the FLIR. This must be of sufficient performance to

s e necessary resolution whilst also giving an adequate field of view to allow
At oteredy taying oat manoeuvering and also cover wide swathes to give effective ground
Voragee tor o rarget detection,  There are many compiex and subtle trade offs in FLIR/HUD
foonids of viow to achteve optimum performance. In addition, the PLIR benefits from a
teah begree s pgtomation of gain/contrast control to minimise pilot work load in the
wmandicy 1w ait it ude environment.  The very high resolution UK Common module TICM FLIR,
asx qeveloned ror airboyrne applications by GEC Avionics, provides the performance to meet
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pxectlent resolation on the FLIR is a prerequisite for target acquisition and the NWC
trials demonstrated that the necessary FLIR performance levels were achieved. Target
acgiisition can be further enhanced by automated processing technology of the IR detected
~mi1ssions to cue the pilot onto probable targets. This capability is being further
developed and demonstrated in continuing flight trials at RAE Farnborough.

Next, the pilot has to be able to deliver his weapons onto the target. There are two
distinct problems, one for conventional unguided weapons, the other for guided munitions.
*he simplost solution is to directly aim an unguided weapon at the target. The pilot
achieves this by first acquiring the target on the FLIR image displayed on his HUD, and
then aiming using the normal HUD weapon aiming symbols. This gives comparable accuracies
to those achieved using the same display by day.

More complex delivery techniques such as CCRP (Continuously Computed Release Point) or
guided weapon attacks require the target to be designated. For this purpose, GEC
Avionics have developed the "Tactile" touch-sensitive head down display. This uses an
infra-red beam system on a conventional CRT display to allow the pilot to designate a
point on the CRT by touching it with his finger (Figure 8). If the FLIR imagery is
displayed on the head down display, as well as on the HUD, the pilot will be able to
woquire his target and then designate it to his weapon system by touch. He can then
olther complete a CCRP attack or release a guided munition. This technique does,
nowaver, rejquire the head-down display to be positioned on the centre or left of the
.nstrament panel, for obvious reasons.

Tris stiil leaves the task of navigation. It is clearly not practical to constantly
refar o a pap2r map in a darkened cockpit. Navigation at night therefore involves a
comewnat modified technique. The simplest system uses an inertial navigation system to
~toor the pilot to a waypoint where he updates the system. However, the combination of
N dritt rate and limited HUD azimuth field of view means that the system must be updated
crery fow minutes, or the pilot may miss a waypoint because it has drifted ouside his
tield of view before acquisition range. Once he misses a waypoint, it becomes very

it licult for the pilot to recover the situation. In addition, this technique is
telatively intlexible it does not allow for major track deviations because of weather or
wastile accion,  For this reason, a cockpit map display becomes highly desirable. It
mant show not only the aircraft's present position but also his desired flight path
across tihv ground, to offer flexibility and independence from hand-held maps. In the
past tnis has only been possible with complex projected map displays or rcmote map
readers.,  However, their very complexity increases cost and greatly reduces reliability.
Mereover, tne fixed colour palette can cause problems of frequency incompatibility with
it wvision goggles. GEC Avionics has recently developed a novel digital map system.
'niaors g osolid-state system which produces a fully digitised image of a standard paper
nap; this digitisation is done at a base ground station, once for each map to provide
overall map coverage. The resulting image quality is remarkable. The pilot can use a
local planning station to overlay track and other mission planning data immediately
vefore each flight. In flight, the digital map can offer a variety of facilities,
including north or track-oriented displays, zoom, look-ahead and different map scales.
It «<an alsn change the colour palette at night to make it compatible with night vision
ioagleos,  If A DMA data base is available, it can use this as an alternative to the paper
wiap glgitisation. The system also offers outstanding flexibility and reliability

:rnase 1t is solid-state); the prototype (Figure 9) is flying very successfully on a
weysox helicopter at RAE Bedford and this approach is further discussed in paper 36

LY TOW,

4. sSystem Applications

: myutnments and techniques described have been evolved over a number of years. The
“irst significant application was the two seat experimental Hunter at RAE Farnborough.
In.: first investigated low level techniques using a fixed low light television sensor
rosinted in the nose, displaying its imagery on a head down display. Further developments
inzluded the use of a raster HUD, the replacement of the low light television with a UK
ormon wodule FLIR, and the use of NVGs.

weeptional rasults from this relatively simple system gencrated considerable

<o in the Inited States. GEC Avionics therefore proposed to install a similar

. in 1 demonstrator aircraft for the US Marine Corps. The proposal was accepted in
cocmner 193 the gystem flew successfully in a TA-7C at China lake in April 1984, as
Froiest “Cheap Night", 1t consisted of:

A UK Jomnon module FLIR in a pod.
, An A-7 raster HUD, modified to UK line standard.
Aohead down display in the front cockpit.
A Tsctule touch sensitive display in the rear cockpit.

‘ Jats Eve s onicht vision goggles.

Iy Modifved cockpit lighting.

Th> resalts were so encouraging that the trial was extended from its planned two months
o4 mant e, tovering some 80 flights, It was demonstrated to a wide variety of
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Service and Government personnel, including the Secretary of the Navy. As a direct
result of the trial, the US Marine Corps decided to procure such a night vision system
for the AV-8B. The same system will be installed in the RAF Harrier GR5 in co-operation
with the US Marine Corps.

A further similar flight trial is planned for an F-16 aircraft operated by General
Dynamics at Fort Worth. The first flight is planned for next month. A similar system
will then be flown in the Netherlands on an F-16 of the RNLAF. These systems will
incorporate a number of refinements, including the use of a wider angle HUD, a new low
drag 10 inch diameter pod and a revised Mk 3 version of Cats Eyes.

The overall synergism of these various system elements is of vital importance to achieve
«ffective operational capability. The HUD/FLIR fields of view (and any optical
corrections) need to be most carefully matched, the overall colour palette used in the
cockpit and the operating light wavelengths of all displays and sensors nced also to be
subject of the most careful control. 1In addition various peripheral equipments such as
the FLIR/Cockpit TV/Video recording system also need detailed interpretation in order to
achieve a usable operation overall weapon system,

5. Future Systems

GEC Avionics has now developed the integrated night vision system described here to full
production status. We have proved that this system can be safely and consistently
operated as an effective weapon system by the average squadron ground attack pilot. It
i1s neither fully automated nor all-weather. However, it is relatively low cost and is
totally passive. The consequences of installing such a capability will be very
significant. It means that Warsaw Pact ground forces will no longer be able to use cover
of darkness to regroup, mobilise and gain the element of surprise.

We are now studying improvements in this concept. These include the development of
similar systems for attack helicopters, the use of helmet mounted displays with a
gimballed FLIR to provide biocular imagery, and the development of more advanced FLIR
systems. There is no doubt that the introduction of these cost-effective night vision
systems 1s going to be one of the most significant improvements in the ground attack
pilot's capability in the future.

OPERABLE VISUAL CONDITIONS

IGHT 40%

DAY 20%

DAY 13%
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COCKPIT AUTOMATION REQUIREMENTS DERIVED FROM MISSION FUNCTIONS DATA

by

Bernadette Faulkner, R Seifert, K.D.Richter
Messerschmitt-Botkow-Blohm GribH, LHE 143
Postfach 80 11 60
D-8000 Minchen 80
Federal Republic of Germany

1. Description of the problem

It is known that today the human operator forms the bottleneck for the operational
itilisation of manned weapon system capabilities.
The reason is the immense increase in performance based on a great extension of the tech-
nolojical limits of the system /1/.
Tnis is achieved by automating more and more functions of the aircraft's systems,

This development has brought about a gap in the engineering concept of the man-
machine interface. There is a discrepancy between the real functional interface and our
conceptual thinking or our mental picture of this interface, Hudson and Young said /2/:
"The man-machine interface is commonly thought of as the controls and displays in the
cockplt or crew stations of an aircraft.

Thesa cont ls and displays are, in fact, only the tip of an iceberg; the real man-
machine interfaze will be deep in the computer systems of the next generation of air-

craft.”

Counsequently, we have to develop a system engineering concept for the design of the man-
machine interface, which accounts for this fact. Our problem is: we know that we have to
aatomate a great2r number of man-machine interface functions; however we do not know
which functions, by how much, how and why to automate.

We lick a method of defining the concept for automation at the man-machine interface.
Arécker /3 has suggested a set of guidelines and criteria for the functional integration
of man into avionic systems with high complexity and degree of automation.

In the study "Automation in Combat Aircraft" /4/, Summer 1981, sponsored by US Na-
rional Rescarch Council, it was revealed that there is a knowledge gap concerning the
system engineering methodology of the functional integration of man into advanced combat
aircrafe,

In 1983 the Guidance and Control Panel of AGARD established an international Work-
ing Group, *“asked:

o to look into the availability of knowledge in the participating countries

~ to derive guidance information for this functional integration of man from expert
knowledge

o to recomm2nd R & D activities to fill the revealed knowledge gaps.

In 1984 the "Cockpit Automation Technology" programme (CAT) was launched by the
LSAF o develop the tools for automation engineering at the man-machine interface.

We in Germany also started a research programme in 1984, The funding of this pro-
gramme is negligible compared with that of CAT. However, it does represent a first step
in the total task of man-machine interface system engineering,

The first phas2 included the development of:
0 A mission task list for selected mission and weapon systems.

o A metho? for rating the relative importance of each of the tasks related (a) to the
frequency »f occurrence (in the respective mission phase), (b) to mission eflercti-
senoss and () to flight safety.

o Criteria and or cateacries for automation at the man-machine interface, against
whish the individaal mission %asks could be rated.

) A methad for rating the misgion tasks in relation to the automation categories
forivod,

This jregramme 15 a1 trial meant to approach man-machine interface cnginesering fronm
the cperational and the human task aspect, Only if we know the set o tasks man has to
Salfil with his nystem during the coanrse of a mission and mission phase, can we enjinens
the tecstnizal system functions aporopriately to menet the needs and not to exceed the
Lirirs af wan and his capabilities,
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2. Concept for automation at the man-machine interface

The concept fo: engineering the automation at the man-machine interface is to ap-
proach the selection of functions for automation, and to determine the why and how of
thei: automation from both sides, operational and technical,

The general concept of man-machine interface automation engineering is shown in fig. 1.
Based on a mission analysis, basic data for the automation requirements at the man-

machine interface are collected in a first step, using a special interview me+hod. This

is detiiled in fig., 2.

3. The method

The method comprises:

o a mission task list

o a catalogue of defined automation categories

o] an interview format with instructional quidelines
3.1 Mission task list

A mission analysis is performed based on the tactical requirements for the weapon
system in question, and based on expert knowledge concerning procedures, regulations and
technological system options applicable to the design driving mission.

The resulting mission function list will contain a great number of function or task
items, dependent on the level of detail applied in the analysis. This is in turn a func-
tion of the knowledge of the expert performing the analysis.

In an air-to-air mission analysis we arrived at more than 400 mission functions. A
j00d mission analysis should contain no fewer items if operational and technical func-
tions are taken into account.

This very detailed mission functions list is then reduced to a list containing not
more than about 110 to 130 mission tasks. This level of detail is reqguired for the in-
rerviews.,

Too great a level of detail would result in an unacceptable interview duration. An
interview should not last longer than about 6 hours. An inadequate level of detail would
render results which might give insufficient information for determining the automation
toguirements.

An 2xample of a mission phase task list together with typical scenario is presented
in the appendix.

3.2 Automation categories

The determination and definition of distinct automation categories is required for
WO r2dasons:

i) A standardized interview technique, as is presented here, requires defined terms of
reference for the operators and experts involved in the interview.

They should thereby be enabled to make their choice and decision concerning the
suggrsted level of automation, based on a set of comparable cues.

re The automation categories allow the design engineer to decide upon the level of
automation applicable to certain candidate functions.

The Air Force Study "Automation in Combat Aircraft" /4/ contains guidelines for
automation, indicating when and how to automate.

However, the design enginecer does not want to know the workload and human capabili-
tv conditions which indicate automation. He wants to know for which system func-
v1ons he should provide which form of automation and what degree of operator in-
volvement concerning control, serlection and display of information of that function
is required,

2T




3.2.1 Automation categories for the control of functions

fhose catejories are:
O nanual
< nanaal augmented
o manuial augmented with limit-monitoring
o cooperative manual and automatic
8} automatic with variable settings or control laws
< automatic with given control conditions
¢} autonomous automatic.

Flight control functions in modern aircraft cover the range:

o manual augmented, based on augmentation by the CSAS (control stability augmentation
system)

o limit-monitoring, as e.q. manual augmented control with «- or g-limiting

o cooverative, e.g. overriding the autopilot "height hold" function by manually

applied force control
o automatic, autopilot function with variable settings.

In the arca of utility systems control most functions are:

o automatic functions, as e.g. landing gear retraction
> autonomous automatic functions, i.e, hydraulic and electric.

Autonomous functions do not allow manual interference - provided the power is on
nnd the APU or engines are running - the automatic functions, as gear or flaps handling,
regalce manual selection.

3.2.2 Automation categories for the selection of functions

These categories are:

S manual
0 accept/reject
: anzomat ic

Manaal means: switch, set, select, enable following pilot decision.

Accentsreject means: the function could be triggered automatically, however it re-
quires the nrovision for the pilot to decide upon accepting or rejecting the activation
s othe fanction.

Automitic means: an automatically controlled function is activated automatically if
“ae relevant conditions for its activation exist or develop. No pilot action required.
3.2.3 Automation categories for the display of information of functions

I'nese categories are:

3 ontinuously displayed
o displayed only if a selection is made of:
- mission or £light phase

- main mode
sosten mode or function

" displayed owing to conditions:

-  flight condition (n.?, nbstacle warning)
- misgioan conlitton (¢, threat etc.)

ne interview format allows for the additional denotation of displaying the infor-
matios head up, head down or on helmet-mounted sight/display. This addition is important,
Torlaase an extremely oritical challenge for the interface engineering is to predetcrmine
The Lnerational +asks and mission elements, which should be flown head-up and/or head-

HewWn respectave ly.
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3.3 The interview technique

Fig. 3 shows the layout of the interview format. The interview technique allows
assessment of each mission task according to:

the frequency of its use on occurrence within the mission phase or within a duty

° cycle, e.g. attack

<] its relative weighting in terms of mission effectiveness within the total mission

o its relative weighting in terms of flight safety within the total mission

o the automation categories recommended for control, selection, and display of the
functions and functional conditions possible, related to the task

o the responsibility assignment for the task in a more than one man crew.

The number of decisions and statements required during the course of the interview
show that there are limitations regarding the number of mission tasks to be included in
the interview.

If we accept an interview to have a maximum duration of about 6 hours, we can only
allow the inclusion of the number of mission tasks that can be assessed within this time.
The mean time per assessment decision is about 30 s. The interview requires 7 assessment
ducisions per task. Consequently 6 hours allow for 720 decisions, or a little more than
100 mission tasks, to be included in the interview.

The mission task lists show that there is a great amount of redundancy in
individual tasks within the mission.
The number of tasks can therefore be reduced by including only one of corresponding
tasks.

Each assessment made is denoted by a number. This allows easy adaption to computerised
evaluation of the results,

3.4 Evaluation of results

Evaluation is made concerning:

o importance rating
o recommendations for automation
o denotation of task responsibility

The mission tasks listed are grouped in different ways to allow the analysis of the
results to differentiate between mission phases, task function groups, and task types. In
other words: the analysis of the interviews should render results covering:

ol mission,
o systems, and
o human tasks

(1 The mission phases and tasks therein are predetermined by the mission analysis.

(2) The task function groups reflect the systems related to the task. The function
groups are:

- Flight Control

- Navigation

- Weapon/Combat Management

- Threat Management

- C

- Management of Aircraft Systems

(3) The task types reflect the nature of human acitivities related to the tasks. The
task types used are:

- Observation
observe, monitor, scan, look-out, listen

- Sensu-motor precision
detect, acquire, track (manual), lock-on, guide

~ Communication
communicate, report, alert
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- Memory linked functions .
check, follow procedure, inspect, review

- Decision linked functions
ecide, evaluate, assess, update, navigate

- Discrete manual activities
switch, set, select, engage

- Flight Control activities
manoeuvre

A further analysis is then made with the aim of determining the systems, anq the
functional loops and interactions related to each of the operational tasks in a given
mission phase.

4. Further activities

The detailed description of results achieved so far lies beyond the scope of this
paper. Besides that, we could at this time only present preliminary results.

During the first phase of our activities in Germany, two missions were analysed and
transformed into the interview format. One is an anti-tank heclicopter mission, the other
an air-to-air mission. The method was then tested for applicability using helicopter and
fighter pilots. Some improvements had to be made concerning the automation categories and
the mission task redundancy applied.

In 1985 we are contracted to perform and evaluate 30 anti-tank mission and 15 air-
to-air mission interviews.
We expect thereby to obtain a data base, which will help us in better defining the air-
crew-helicopter and pilot-aircraft interface requirements for our future weapon systems.

The rationale is that we use the mission task requirements in combination with the
aircrew's/pilot's operational activity or performance requirements to derive the concept
for automation and functional integration at the man-machine interface.

As far as feasible and possible, the results of our study will be included in the
report of the GCP WG of "Guidance and Control Automation” at the Man-Machine Interface,
which is due for publication early next year.
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Fig. 3 Sample of Interview Format B
Appendix
Mission task list for combat helicopter
Example of two mission phases
F APPROACH TO INGRESS POINT (BATTLE ZONE)
1. Proceed Low Level Under Cover
(Terrain Following Flight)
2. Monitor Radios
3. Maintain Visual/Sensor Look-Out Procedures
4. Update Navigation Data
5. Receive and Evaluate Situation Data
6. Communicate with Ground Forces
7. Recheck Flight Data
8. Monitor Subsystems
9, Observe Obstacle Clearance (Visual/Sensor)
10. Perform Combat Systems Check :'1
. Conduct Pilot/Copilot-Gunner (P/CPG) Intercom.
i
G INGRESS - APPROACH FIRING POSITION !
I
1. Proceed NOE to Firing Position
(Flight Control + Navigation)
<. Conduct P2/CPG Intercom.
3. Maintain Visual/Sensor Look-Out Procedures
(lavigation Combat, Threat)
4, Alert Other Crews if Enemy Attack Encountered
(Threat, Communication) o
5. Provide Self-Defence Security "4
6. Observe Obstacle Clearance (Visual/Sensor) .
7. Solect Firing Position
B, Receive and Review Attack Data
b, Sonduct P/CPG Intercom.
10, Feriorm Final Weapon Systems Check
1, Arnroach Firing Position
12, Fstahlish Suitability of Firing Position
13 Manoeuvre %o new Firing Position)
4, Report Readiness for Attack
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B AUTOMATION AND PLIGT TNTERACTIONS 1H NIGHT
I’ —————e —_——— e ——
\51 GBRALL-WEATHER TACTICAL OPERATIONS
4
:‘_ by
% Mr. W.H. McKinlay . ]
.‘ N S
Oy Ferranti Defence Systems Limited PIRNgOETR X 52
Werry Road
Fr. Fdinburph  EHs 2XS
.l
I-'
:{ cxxmines some ol the areas 1n which automation could be used to reduce
L ' sd when oporating at night or In low visibility. It 1s shown that in
: rilot's task extonds from the planning stage before take off to the
T Lo tactlcal decistons are taken in the alr. The role of the Mission
~ i stemandthe features of a system developed for this purpose are covered.
L Lo ks ont o the noaature of the mln-mivhlne interface including its required
L e an b cuegests the Impact of the latter on the core avionic system including
= Ul D el the EMIL
) Co -
N et lonne slont all-weather operations, pavticularly in single-seat airceraft, will éaﬁﬁ'i.'-
P taee uwoonostantinl escalation of the pllot's task. Although much is now
AS ¢ »Uthe fensibillity of operating at night with the asslstance of electro-
L . sensors the workload will stlll become extremely high when the taskr
A tovwelated with nuvigation, weapon delivery, survivability ete are aggrepatod
;{ trooo fluetuating wperational situation. Tt is partlcularly important for any
., cictem oo cope wWith the peaks in such operations. The purpose of this paper 1
hd T [riee some of the more demanding aspects of the pllot's task and sugpest how -
- o be mitlgated by attentlon to system design and by the use of the
et o les whiech are now becoming avallable.,  In particular the paper considers T ey s gty
, toottieal rouning and workload imposed by navigation together with the assoclated o
;{ lems of Information display and the man-machine interface. In system terms
ﬂJ ¢ are references to the development of a system core structure concerned with
.- actical control, navigatlon and the man-machine interface.
K. R
‘\: Ther PLlov's Task
= ullot's task can only be defined and optimised as part of a total system
: lgn responding to an operational requirement. Subjective conclusions bascd
" pilot handling and workload in earlier systems may be invilid if the
i reratisnnl concept has moved into unknown territory. The first stapge In
::‘ A-Uindng the man-machine interface must inevitably be to sonsider a romplete
- wrabilirecturs In which functions are partitioned between pilot and machine.
'}' ritinlly it 1s also helpful to consider the pllot's task as cecuring at a
: { imber of pussible levels in which the man-machine relatlonship will have
- ront characteristics.  Worklng bottom-up these levels include (see Flgure 1):
[\ - House keeplng:  the control and monitoring of basic alreprsft A
JO servicss capable of belny handled by relatively stimpic 5""‘f“ﬂ
= e ' i o
u...
nh trol tasks concerned wlth power plant or flight control
- nd :ble of belny realised automatically or pilot
-
tire sephistieated tasks Involving decisions abou' or control
':‘.. ' 3TG .y e :[)On:; ctoe,
.": e pateleton ot Informat bon about the externnl Shactlen)
iﬁ st oment throarh sensors, comminleations, plloatta eye et
S
{x sus Involving judement and the control of the
A
s
s wloall theose Lvels may have varying degrees of prld ity u
ot vl lares The pllot must of aour vperiate ot
-; v st onsly dopending on the ptlot/aqat. tes opliv,
"~ : * K P toomoust dLOftenlt o constdering the bl o levelo o
a 7P A S B "lkm;f fo Invalve .
-
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! worklowel tmposed on the pllot depends on i number off facrters.  When tasks

Y 4 onumber of areas coinclde they can produce peaks as can any individual degree
w5 Staginy. When dellverlng wespons at hlgh speeds and low altitudes o

= deesston of aevtons with time can arise.  Cther papers have sugygested cuases

$J toowhich a1 series of aetions and declslons required In a weapon alning sequence
‘J vovee t 0 L compressed into times of the order of 15 seconds. When accompanted
o) Uy trer need o control the flight profile close to the terraln, at night, this

cepresonts a4 formidable task.  Simllarly, in navigation, tactical declsions
route changes under pressure must involve judgment which can be

Al ilated tnto nctlon with as little manipulation of the system controls as

3 0.

N
WA '

A . Atwmat Lo nd the MMI

WY theps 1o only one pllot his functlion in the system is inevitably

) 11t hough the system itself may be distributed. The inverface betwecrn

t4 mechine 1s governed by this fact and the resulting architecture before
mo detrtled intertaces through controls and displays can be consldered.

Dmeowey this interaction has been developed with Increasing system integration
wote wiyealtsed historlcally.

stems which were not substantially Integrated separate alreraft
Lullat! s concerned with navigation, communlcations, fllight control, weapon
{olfyery ot were controlled through dedlcated controllers glving complete
Cooexibility in terms of the modes of operation of the different sub-systems at
diy v itme. The pilot carried a mental model of the operation and what he wilshed
Couchiteve ) cetting the sub-systems up manually to achleve the desired response.
Tt two nmethods available to reduce such worklead are Integratlon and automatlon.

A e ey i

w uld te possible to automate the different sensors and sub-systems for at
wo o reasons:  to permit them to do thelr own house keeplng, belng thus
o~ handle, or to allow them some further autonomy in determining thelr
operition,  The second 1s likely to prove an unpromlsing approach

s *he pilot must retain an accurate mental model of system behaviour and
what ter has to do to change 1t.

Jheeonrrtval ot the digttal databus and the presence of computing within
sub-oystems both ifmply additional deslign flexibility. The crucial man-machine
relntionchip becomes that between pillot and whatever controls the configuration
and bohiaviour of the system.

in easence the pllot must have a higher order dialogue with the total system
which the avionics translate Into total system behaviour. One possible
vranslution is from the man-machine relationship to a chosen mode ¢ flight
which implles an unambiguous definition of the modes of operation of all the ; ° -y
o rstituent parts of the system., Fach sub-system is given a blue print for its -
svate ot behaviour: e.p. a radar i{s told whether to switch on or off, how to
©1oand how to choose between any other options as to its method of radiation.
Any sun=system may have lts own means of controlling its internal behaviour
vitdd that it responds with whatever parameters are part of the prevalling
lonyatem mode,

.y

dvsign task now becomes one of devising an effective and comprehensive:
between pilot and system with the behaviour of the latter belne

to o the former whatever happens. This credlbility has to be ref%ected
{olrputs, In the system response to them and in the supporting

s Informatlon supplied to the pllot. Such a system can operate up Lo
wtowhish Intanyible decisions have to be taken, bhased on information
manlottong, geusors or pilot's cye.

It seems more tmpartant that thesystom should oporate reliably
“han that 1t shonld have any ability to take mnchine

: Lo ving anything like artificial intelligence. It would seem easy to
sttt systems driven by osimple rules which would not be ;jairtiscularly

Sharort to the pilet, so that the emphasic should be to muke them so.
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rav bt ten regulirement 15 to pulde the alreraft along a pre-planned

e stine deviation from 14, with an accuracy such that tts chances

S Wwili we greatest and the probablility of acquiring the target

E' . However oan cmphastis oo ooperatlons at nlght or In low visibtility, In
D- Dot o=t ld eonditiens, may change the emphasis of these requirements,
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etes whe advent of automatie navigpatlor systems navipgntlion over short sortles

war o carent tally pliot's eye, uclng experfence wad o tepopraphties] map. The

Lot Lr ddbisltal systems based on Inertial Havipstion made tt posstble to fily a
ting of a number of way-points with an accuracy which, although

Tt e, was penerally dependable.,  Monltoring the propgress of the light relative
S terpaln was still highly destirable, a fact which has made moving map
vopalar.  However at night, poessibly using zensors, the arew of terrain
tur eross—-checking may be preatly veduced.  There 1s “herefore a necd

alvurate navigation system.

[N 1

Cootier concequence of nlght operations in the yenrs ahead s likely to be 2
il Increase in pilot workload, so that the workload due to navigaticn
minimised. To some extent this should be pessible plven greater

and 4 omessure of integrity but there will still be a censlderable
‘ticularly if it is necessary to chanye & mission plun in flight
eventualities such as a return to a ditfferent base. It is then

2 look at the man-machlne relationship concerned with navigation as
rrocess from the flight planning stage Yo the arrival of particular
fitght. It 1is for this reason that Ferrant{ haive been working for
Mission Planning Systeme as well as on Mavigation Systems and

ays. A planning syst can enable a much hichor degqree of planniog
tion without sipniticant additional werkiond hetore take-off,  The
s erented can help to reduce workload in the alr, particularly when
Uiprht plan on the basis of stored Informatlon as wetl ac Information
thHrouich communications.,

stenecd pilats have always set pgreat store on adequate misstion planning ac oa
vl nen workload,  Planning i misslon on the groeund rem:tes come of

{ from the cockpit in both spiace and time, The act of plunning
relative to time, fuel, the terrain, possible threats ete can

tsalon as beling possible as well as reveailny alternutive options.
soare fikely to take place In o glven aren o second removiel ot
dopossible froowhleh alternative mloslons are planned 1o overy sreat

i betng recorded ready for use when required,
Howe ver, varticularly where aircraft huve to respond at short notice, the planning
ot “se it generates 2 workload on the ground. The information which can be
e tooothe alrveraft and then consulted in flight s 1imited 11 1t is

o o paper, topogravhle maps ete.  Therefore, with the advent of digital
T Sy it oo matural to concelve a system solutlon usling dipgltal technlques

sre and transfer the information. Some years 2o Ferrantd
. 1 research programme in this aren which has since led to severul
goversslons of production systems.

utem, Autoplan, consisted of a small computer linked to o map board
any Ulivht prot'ile to be digitised dirccet from the mip. A keyboard
crowere alse included.  An important function wau the ability to load
Lty Atore which could then be plugeed into the alreraft avienies
ERERSH ssion eomputer with a canned flight plan,

sycotems sieh as the Total Avionic Brleting hystwm ('TABS) Lave

Siboe oy ure 2 more comprehensive database whiteh can include both
gt tnneliieenee information. The PODD technique 1s stiil used teo
slropart cystem althogth clearly Iater develepments (n datalinks will

R The more advaneed ctores can also record Intormatlon In £flipht.

fored the results of the briefing Into the alreraft automatically
cosoworkioad In e conkptt pre-flipght and sets no 1imit on the
tlon stored tn the Navipatlon System eoxeept that it must be

n o titghs.,

GREN rndirgs System

. LT ith meovary o dependine o the appileation a typlenal system concts
Yoo gt oundta Loee Flpegres 0 oand 20
o tth e lrdinge o .

Aot nles urdt Inclad b il processor,

e
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plan can be assembled from way-point coordinates entered in several

ot wivs., Keyboard entry or entry through the map table and its cursor
PRI “tpie.  alterratively pre-planned way polnts can be held in the system so
vt stanatrd carned flight plans can be used.

LU0 i uostul Uor prompting the operator through the different stuges of

! comptitog and editing mission data, for displaying error messages
Cinerease the inteprity of the man-machine interface of the
cmottseir. This ts particularly important as 1t may be used under

tllno U prensure,

L,
crrits by

T preesence of 4 processor also means that the characteristices of different
cowraphical maps, .. the grid system used, can be accommodated automatically.
¥y s produced to oo range of scales and projections can be used in any area of
t ‘rld. Ditterent coordinate systems such as latitude/longitude, grid or . iy
cearing and ddlstance can be accommodated. e

b W

Tree Gy eerationnl sonpe ot such oa stem depends on several factors. The data

sasemt bed In thee Portable O o vy bee transferred direct to the atrerafe,

oo sen yoncds in turn on the provicions Included in the airborne mission

L cokplt dicplays.  Apart from the flight plan in terms of way points,

oo tnrtormatt.on or intormation related to the weapon system as a whole can

There 1o also prowth potential to Interface a Mission Planning
suivatle pround-based communication system: 1.e. integration

mote ot operation 1s possible in which in-flight information

rtable Data Ctore for recovery after the mission.

! tow butlr several penerations of these systems. It has been shown
Co, U Latoessy ueveral differeny requlrements must be observed:

raft cyctem, Including the organisation of 1its computer,

the Jdtoplays are used and the pllots controls must all
enred Lo make uce of stored information,

b Loy stem must be specified for use with the
and the capacity of the Portable Data Store must be
w0 a result of examining the total system.

¥
1

mian-machine interface of the Mission Planning System itself
ter deslyned o sult {ts operator's task, his experience
nto o vertal workload in Mission Planning.,

Givers these vequalrenents It 1s possible to enhance the capability of existing or
new avlonte cystems provided that they can accept an additional data store.

D Piliot Facnoprs In The Deslign Of Future Systems Py

paper hag retferred to a number of areas in which the pilot's task 1s made
Jireicult when flying at night, or in low visibility, close to the ground.
pure 1 shows a Hlerarchy of Pilot Tasks which, although highly simplified,
noenule 1 more detalled conslderation of the problem.

ive beern placed In order of the extent to which they require the pilot
2o his highest faeulties,.  Thus house keeping, or monltoring basic
Jotems, 1o ohasienlly o routine task while controlling the aireraft io

: romplex in mental terms,

cntras tcks, controlling sencors and acquiring or assessing information

: rwupy anhoarea in which the workload can be expected to expand when
wht . Informition on threats or hazards can only come f'rom sensors.
visions and controlling the total avionic system are the essential
ot liine the mission and the essential reascn for the pllot's

tderine whether or how to appily automation several questions must be asked:

woalooxtent Do oantcooaation possible Inoa partlcular area?

e vt e mated

tritervent oy

off-load the pilut
coquired?

o dorn possibieoat o all?

. - ot e -
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comatto rlipht contral can remove the pilev Yrom the loop provided tho
telent intepgrity.  The problem 1s more to define the desired flight

sy omore complex problem than merely following a defined two-

|

tanning

n improve thls situation but a viable system of terrain
sunry.  Many of these problems have also been dealt with in
qtout the intepration of Flre and Flight Control.

ihle Lhat, yiven a high intepgrlty system, pllots will hond over to
Sestrol becsuse the mental model requlred to monitor o flight control
Intfvely stmple. Much less Is known about the mental model cmployed
atiny through sensors and acquiring or assessing informaticn.
nave a plcture of cach sengeor in terms of Its mode of

to detect particular features, abllity to produce misleading
nder certain condftions.  Thus the degree of sensor processing and
roequired (o preduce a proper combination of pilot and system must bLe
: Sl . There will also be trade-offs boetweern the eost of

coters s Tt Tons ndd thee extent to o which they coan reduze the pilot?'s

erned with tacticwd decelsicng, and “he way o
votoocontro., both o determine the possibilivy
reter tanetlons. However fhee moot promls

b
Tiothee hehLem o upwiards, re-ne Anpe pllor

et o U Lower arder fgnet | .
. . ‘ . Wi [ CTANS SV S ST B AR Y O TS I
v ; . . (RN Y teechgp oo b ) 1ot
' ! v o ti betwe et pIlar
' ¥ R AN I A ety .
s C o sosnrent Ut it rmat fon e
' T uriiess it is
' S o Taanlt. With
. oW Lo one clmymiy difficult

oo b ol w visoihIlity pllot and

. . . : . . »orrobilem o be conslderced
A cort : o Covhe UUlobs o path from the slightly

s v he ront tegjectopy.,

. , v Steer e afreraft
i T by the naviyation system
PRI . v : ferv recctven haste light
o, HR I PR e e He o can chanee hia Cligh
e RN ot orecalt b e Tlight proafile
. St e VT U s Yo s e rated L o vertous hazards
ST e e e s Teen thee tereatn cond bl Information about
. - whion oo sty hin o enhanzed
i ettt g praximity to the terralin,
FOR oy, e aved in “thostered data to prompi
A st 0 the torpratrn Ceatures which he should
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Lrek or radio facility,  Stnee navigattion belongs in thls area proper

1. Cooperating nedar the ground
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The basic display of attitude information must have a higher
level of inteyrity because of increased dependence on t. he
displays at night when there may be no visual horizon.

it the sensors are to be used to plck up anticipated foatures
or turnitrg points the navigatlion accuracy must be such as Lo
ensure that they appear within the sensor field of view.

It 1s not possible to use a combination of navigation and
stored data about the terrain as a means of hazard avoldunce
unless positlon and velocity are known with sufticient
accuracy and integrity.

As Tne diagram shows the pillot will ultimately want Lo combire visual clucs with
intormatlon from sensors and stored data. This combination muot denl with any
ecrrars in the different systems,

Flegre 6 tllustrates some longer term tactical conslderations.

Jhe pre-planned strategy in terms of a flight profile exists as the flipht plan
14 supporting information received from the Mission Planning System before
ool f, Withont tactiecal Intervention the pllot will f'ly this plan through

-~ lavipation System and the Information acquired at the plammtny stape 1s also
csent 11l when concldering any tactical departure from the pluan.

it ormuat ton about threats, haziards or possible chames of plan will reach
pilot visually but most will come through hls communications or sensors.
Moy oalso have to take account ot the status of the aireraft and {ts rystems.,

f this Informatlon must be handled and displayed in some way it he 1o to be
4ol ta take tastleal decistons. The task of flying low at night ccmpells the

. Coererate hed-up s much s postible so that the tnformatlcon will have
tote rrooessed and divplayed In the slmplest possible form so that he ~un

t* raptdly wnd determine action. He must then be able to control the
oo tn oeh o way 1 to chanpe the demanded flipht profiie and then seo
Dmmectlate ly St Implleations of any change.

' PO

cintmi Lt
LI

peope o at the tacetieanl tevel, the miln Impact on the avionics concerns this
1ot rrinr tntfermation topether and display it tn a way 1n which ft 15 readily
et the pilot and can factlitate his declsions,  One pocsibiiity 1s that

flivht plan may incilude some optlonal alternate routlings which can be
tovether with the most critieal items of tuformation noeded Lo assess
Wwill ifnclude the latest information orn any threats or hazards on
route as well as the abllity of the alrcraft and lts cystems to
savryoony the change fn terms of tuel, recovery to braoe ote,

tonher oeen shown above that In the ghort term and in taklneg tactlical decisicens

the il wll! depend on the core avionics to varylng degreos. Lt 1s inmportant

“riut he should know whether any equipment or system fatlures hive taken place

wiion o w o wid change that dependence. This could be done by miking fatlure

F:rnlnee reliate as much as possible to degradations in system capabllity as well
: 5 of particular functions or sensors.

¥

v o nave all related to an operation In which the pillot l: in the short
wrrol leop as well as taking longer term tactical declsions and belng
. tnoert changed intentions (nto $t,  Various degrees of syvustem automation
this pileture. Automation of flight path control near the ground
o faiiure survival system.  The combination of visuil clues and
HEEEE SRSt t Ulighy information or information from sencors would then provide
i automatics.,  But the monttoring cvsten would have to have an
“1stoas o gtreat as that of the automaties I fallures in monitoring
noto Lo run the rlsk of the automatics being disconnected
This balance may not be easy to achleve because the techniques
. che Intoprlty of a fully automatic sys*em and a pllot partially
Lient s dicplays ara differort

s when considering a degree of automation of the merpging
wation trom cencors and from the noavipgation system, elther

CUoopteture of what 10es nhead or fop fault detection purposes.

sl taere e threess levels of atomation Hkely Lo chanee the pillot's pole:
At o le rileht o cnneol rpplied Lo the plannmed trajectory

el ey U lnee 08 e Cerpnin,

Lo T ikl coro trpaty stored data o provide

sotae v Ee Aty o whee [ len ahend,
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SUME QUARTTTATTYE METHODOTOSY FOl COCLETT DESTUR

Charvles Bates, Jr.
and
Maris M. Vikmanis
Human Enpincering Division
Alr Force Acruspace Medical Research Laboratory
Wright-Patterson Aiv Force Base, Ohio 454733

The rayp idly developing technology in sensor systems, microprocessors, urLificiq] )
S bigenoe and communicalion systems has blurred the traditional lines between avionics d
‘stens and oflers new design options for integrating the aircrew into the weapon
g Mhese developments, together with the stressful [light regimes imposed by
aivate od tareat systems and the night-in-weather environment required for survival in
: oend attack/interdiction, require nmew approaches to crew statien desipn.  Thesce
‘n oapportunitics are limited only by the design tools and data bases availuble
cutton.

A s lilied cockpit desipgn process can be summarized as conceptual design, detailed
anel desipn verification, With the many tools nceded to pursue this process the
inmvolving man/machine interface must provide a decision track quantifying and
LredooUing the wpact of desipgn decisions on crew performance. To meet the objuctive of
the 1ull atilization of the weapon system crew, cach technolopy option under consider-
cion tos incorporation in the cockpit must be judped with consideration of both wission
dt o periormance.  The cockpit design process must be embedded in an adequate human
formance cdata base tailored for use by design personnel and must take full advantage
soevational experience.  The development of a family of cockpit design tools, topcether
the tequired data bases, has been one of the objectives ot the Air Force Acrospace

1ol vescarch Laboratory research program for the last five years. Trom this program
i onenect ~ct of niethods will be described and examples provided.

ihe wockpit by necessity has traditionally been the inteprating focus of the air-

n othe early days of aviation, it gencrally contained a sinple information port

: ~ystets and vehicle status and depended upon the pilolt crew member to pertorm the
cite, atine function.  Indeed, in many instances the human sensory systems were the
direct nensor system as in the case of the Wright Brothers when negative "G" was tirst
vxperienced in the cockpit without a restraint system. This paradigm of a separate
inforuation port lor each aircraft subsystem has persevered to this day albeit with
‘ncreasing sophistication in displays and their information content; a very satisfactory
solutinon in many instances when appropriately human engineered. The carly work of Fitts
arel Sinon (ref. 1) resulting in better alignment and altimeter desipn are excellent
tpivs of parsimonious quantitative solutions to enhance crew member assimilation of
cirgw anounts of individually displayed data. Figure 1 is an example of this traditional
aproach to cockpit desipgn and layout in a modern aircraft.

(AN

Two major developments are clearly demonstrating the deficicncies of this approach
toowovkpit desipgn., We are forcing our aircraft into more hostile environments and f light
fesiswes. e, night and in weather attack, and the tremendous strides in electronic
tevhrosopy present exciting new design options [rom the standpoint of information/display
nent and synthesis,  Early applications of cockpit automation technology in the

e oaireraft to operate in severe environments have resulted in reported workload
ipparent Iy brought about by the subtle integration of information quantity,

cai ostress and display media.  In addition. piecemeal additions of avionics and
swetem capability have frequent ly been added to rather than integrated into the
vrew o stattron.

i

arly. technolopy and weapon system requirements are forcing a whole new look at
the ookpdt desiyn process.  The emphasis must be on quantitative methods, structured
: sbility of design decisions and clear cost/performance trade-offs. 1t is the intent

Pothae paper toopresent examples of the current technolopy of such methods, those that
Wwivso be o avaidabire in the near future, togetber with outyear objectives. The nipht in
cestner e is cenerally accepted as one of the moct difficalt and is the (ramewerk

coun s b thee vethodo oy discussed has been developed.

DDA DLRCEETUAL TMPORMATION PO DESICNERS (1PID)

e deveennent ot data bases has traditionally not bean a popular rescarch and

e LU el avor., It is penerally accepted in the scientific community that an
[ coownsib le data base is necessary for meaningful research and that such a

@t in the toundation tnr the engincering development of complex systems.  Allen,
I sovadent book on program managenent (ref. 2), demonstrated from his review of a

woier ot researchoand deve loprient projects thal engincers view and utilize data bases
Siacen dtterently feom the seientific community: o perfectly understandable result
Tne vtter we LD detined enpineerine discipline, However, the ticld of human
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Figure t.~-A 1950 Cockpit
Ceerine st deal with tundamental data and design principles (rom experimental
peecnodoos s andustrial engineering, physiolopgy and acrospace medicine and, unfortunately.
aoopractical multudisciplinary data base exists. Some excellent attempts have been made ‘
to pronide human engineering data for designers, most notably, Tufts (1952 ref. 3), Heapy |
el Unway Gl vef. 4) and Shurtleff (1980 ref. 5). Examinalion of the cockpit design
pre i the Alr Force has revealed that most of these efforts have had little direct
st et on cockpit desipn. The most probable reason Lor this fact is the degree ot
cnnleration civen the buman enginecering of these data bases with respect to the needs
S othe dntenied user.
coerder to provide o practical human engineering data base {or use in conceptual
R ool crew station design, the Ait Force Acrospace Medical Rescarch Laborvatory
ot the TPID project in 1979 (ref. ). The objectives of this program were to
i the appropriate human perlormance data germane Lo crew station and simulator
fCoteno i format that can be understond by the multidisciplinary desipn team required
ToLw station desian,  This fundamental data will take the {orm ol a4 handbook ot
et ptien ane hrin performance. This handbook will be composed of morce than 40 cubarcas
oLt ny tooals auditory, vestibular, workload measurcment  performance modeling, ecte..
il by oser W0 recopnized experts in the various arcas.  Great attention has been
oot to che farmat and orpanization of the data to enhance its accessibility.  This twa :
et e oo ever 3,000 pages will be published by Jdohn Wiley and Son. ain the swner
Y
1
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k) Phe second phase ol the TPID program is to take the data from the handbook, synthe-
¥ “ise 1t into o problem oriented applicd research format and index, cross-reference and
R srcoanice 1 oanto o an cugineering compendium. Figures 2 and 3 illustrate typical data
ciitries,  Thais engineering compendium will take the form of a loosc-leaf design guide
with the abitity for rapid updates. However, the teasibility of digitizing and further
seteiatan, ot the desipn compendiun is beinp explored.  Sucli a computer aided and accessed
) Gt rase is certainly technically feasible and, in our opinion, has a high probability
N { schicvvenwent in the near future.
Y Throuchout the [PID development process each step has been accompanied by a test

L . . . . . "

2 and evalurtion phase with engincers and typical crew station development problems. The
" daty from these test and cvaluation activities have been fed back into the development
S provess in order to maximize the usability of both the handbook and compendium. The

= practicality of the data base is further tested by the formal participation of the U.S.
11N Atiy. 1oL Navy and the National Aeronautics and Space Administration (NASA).
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Factor Effect on Stereoacuity References

M Leegth of warget o declines slowly as length decreases from 2.5 deg 1o 38 Ref. 2

min, then more rapidly with further decrease to 17 min
Wdth of target o greatest at thickness of ~2.4 min Ref. 3
~,': Ornentation o frontal plane o greatest for vertical orientations CR 1216

..',‘ s declines in proportion to cosine of angle of
Y inclination for ults away from vertical
Laterai monon * unaffected by lateral target motions < 2.5 deg/ sec CR 3.218
s * higher velocities not studied, decline probable with

very rapid motion

l.-,' Muotion i depth ¢ Jeclines with motion in depth >l deg/sec CR 3.219
. . . . . . . .

P Spainal frequency * contlicting results obtained; if stereoacuity varies with Ref. 9

.t spatial frequency of target, effect probably small
" Farget duranon * constant at durations >3-4 sec and <6 msec Ref. 7

e from | sec to 6 nsec, decreases fourfold,
approkimately in proportion to -4 power of exposure
Juration
Tirget comparison ® dechnes fourfold when target and comparison Ref. 8
snsct avachrony presented sequentially with no overlap in time
R lett 1mage ¢ declines slowly with increasing onset asynchrony until Ref. 6
et asvnchrony critical delay is reached beyond which stereoscopic
depth cannot be maintained
e critical delay increases slowly from ~ 100 (0 ~ 250

K msec with increase in exposure time

03 boeeaal reneal dlusminances e ynaffected, prosided target detail visible 1n each CR 3.200;
A half - image 3.500; 3.600
) * under certarn conditions, spectal perceptual etfects

.. obtamned that Jdo not affect sterecacuity { Pulfrich
. etlect, slant effecty
b
{': CONSTRAINTS
- Interactions may occur among the various factors affecting stereoacurty, but such interactions have not

«enerally been studied.
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3.20: STEREOSCOPIC SENSITIVITY

.211: FACTORS AFFECTING STEREOACUITY

KEY TERMS
DEPTH PERCEPTION; LATERAL RETINAL IMAGE DISPARITY

GENERAL DESCRIPTION

Stereoacuity is the visual resolution of small differences in depth or distance by means ot binocular retinal
disparity information. Stereoacuity typically is measured by asking observers {Os} to adjust two targets to
the same distance, or to state which of several targets is nearer, The stereoacuity limit, or smallest detectable
lateral disparity, is defined as the variability in Os’ equidistance settings or as the retinal disparity at which
they reach some criterion percentage of correct responses in identifying the relative depths of targets. The
table lists some factors known to influence stereoacuity; indicates the nature of the effect and summarizes
emprrical studies in the area; and cites entries or sources where more information can be found.

Factor Effect on Stereoacuity References
Hlununation level ¢ maximal at illumination levels of ~3 c¢d/ m?* and CR 3.214
above
e decreases with decreasing ilumination for lower tight
levels
Retnal location ¢ maximal at fovea CR 3.220
* decreases sharply with increasing distance from foveal
center

e declines by >50% for angles 2 deg into periphery,
even more sharply for angles > 6 deg

Absoiute dispanty e maximal at plane of fixation CR 3.212
tdivtance from ptane  falls off sharply with increasing disparity
ot hinanon) ¢ declines by 50% for disparities as small as 5 mun arc
Relative desparity o declines as relative disparity increases CR3.213
o decreases by > 50% for relative disparities as small as
I min are
Fareet background contrast * unaffected by changes in contrast above level Ref. 4
required for target visshility
Presen.e of depth reference o detection of step displacement of single line degraded CR 3.228
by factor of 10 when no depth reference target s
present
rornanion of reterence * almost twice as great with lateral depth reference CR 3.000
RETIHYITIN targets as with vertivally ahigned reference
[ rieta eyl thon ot * reduced by tourtold or more in presence of (fanking CR 3.215
IR LRI contours at distance of about 2.5 min arc

e declines less for smaller lateral separations
® dechnes hinearly with increasing distance lor
separations ">~ 9 mun are
Nooweng dat e e unaftected by viewing distance when aff depth Ref. 4
cues exeept lateral retinal image disparity are
cluninated,

Field sice o berter with R deg field than with 1 deg lield Ref. |
(other sizes not testedy

Frxation condions * greater when fixaton alternates from target 1o depth Rel. S
reference than when tixation maintained on reference
® advantage due to alternating fixation increases with
increasing angular separation of rarget and reference

Figure 3.--1PID Data Base Entry

Computerized Biorechanical Man Model (COMBIMAN)

Traditionally conceptual crew station design has been performed using a threc-
dimensional physical mock-up. The basic dimensions for reachability of controls and line-
ol-sigzht to displays can be specified through actual testing with representative subject .
fhis method, however, was inherently limited because of the difficulty in obtaining
subjects with the desired body-size characteristics to projerly fit the required range of
aser population,

Computer mode ling and graphics offer an effective alternative to the traditional
phesicat wock-up. The Computerized BioMechanical Man Model (COMBIMAN) (ref. ) developed
st AFAMEL has scained wide acceptance by the aircraft design community. Tt allows the

mstructicn, manipulation and evaluation of three-dimensional models of crew stations.
fvoaddition, o peometric representation of the human operator based on anthropometric
uts s oused to evaluate interactions with the crew station designs.
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cher ot crow station desipn features can be interactively ansessed with COMBIMAN
s capability.  They include physical size accommodation, visual accommodat ion,
coomnodation, and operator strength compatibility. The first arceu reters Lo

tit and body clearance in the crew station. Visual field accommodation refers

to analysis of line-ot-sight with displays and outside the cockpit windscreen. Reach
wodation refers to the ubility to operate the necessary controls. This is also
cenbined with the operator strength compatibilitly analysis to ensure ease of usape.

e rator

COMBIMAN programs are coded in FORTRAN IV and are compiled with an IBM FORTRAN G
compiler. The IBM System/360 Operating System Graphics for FORTRAN IV is used to generate
the ORT praphics. Versatec VERSAPLOT-07 software is used tor on-line plotting. The
COMBIMAN program uses about 650K bytes of storage and at least 20K bytes of graphics
butfer. Six external data scets on disk are used for Input/Output operations. A typical
CRT display is shown in fig. 4. The above specifications are tor version &6 of COMBIMAN
which was veleased in 1984, Further improvements are planned in particular to the anthro-
pemetric data bases and graphics capabilities.

Figure 4. COMBIMAN CRT Display with Man-Mol i
P riew g oem R atead oo
tro bt oand 1S Deareon oo v
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Work load_Assessment
2 The final phase of the simplified cockpit design process is design verification.
*2 This phase has historically been neglected, partially because the proper quantitative
- methods have not been generally available. Also, the less complex aircraft systems of i
5\ the past allowed design flaws to be more easily overcome by the adaptive nature of their
v human pilots. Now, however where difficult missions require comglex capgblc aircraft, )
v cockpit design and integration errors must be minimized before final design and prgductxon
decisions are made. This verification must include both system measures of effectiveness
tj and importantly pilot performance and workload.
b In this paper we will concentrate on recent developments to measure operator work- o
‘I load. The concept of workload stems from the psychological construct that humans possess :
}}. various mental resources which are depleted during the performance of tasks. The goal )
P - of measurement is then to tap the appropriate resources within a person to estimate how ]
much of these resources are expended and their interaction with task demands and response -uw.L-““Aq
. variables. X
N The measurement of pilot workload is particularly important in the context of the
"~ theme of this symposium. 1t is recognized that night all-weather tactical missions pose
; high workload and stress conditions on pilots. Technological developments in the areas
t, of guidance, control and navigation automation afford opportunities to reduce this work-
o load und improve the effectiveness of the overall aircraft system. However, as discussed
ear lier, the pilot interface with these automated systems, indeed even the choice of what .
to automate, must be carefully human engineered.
- U'nderscoring the importance of workload assessment in the design of cockpits are some
"\ of the potential pitfalls of interfacing pilots with automation. It is likely that as
Al functions are automated in aircraft systems pilots will still be responsible for monitor- o 4
a ing the health and status of this automation. The attention required for this will ' C
e naturally result in a workload penalty which must be evaluated with respect to the B
L benefits of the automation. Pilots must also maintain their situation awareness and P
L system confidence ‘o perform effectively. This requires the use of resources as well and -
i may become more difficult when some functions are automated.
#

A comprehensive sct of operator workload measures has been developed over the last
five years at the Air Force Aerospace Medical Research Laboratory. They have fallen into
the three general categories of subjective, behavioral and physiological measures. The
deve lopment of these improved measures are individually significant to design and
performance assessment problems, however, their utility is magnified when combined with a
framework on how and when to use them. Research efforts at our Laboratory have focused
on providing this measurement framework as well as the equipment, software, and procedures
for use in simulation and field settings.
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In assessment of operator workload levels related to guidance-control-navigation
automat ion for night all-weather tactical operations, a multi-stage process will be used.
First, broadly based measures such as performance timeline analysis and subjective
opinion will be used to focus further study and identify specific problem arecas. This
initial screening will uncover workload "choke-points,” potential operator overload with
depraded performance, that will then be more intensively studied using specific sub-
jective, behavioral and physiolgoical measures. Results of these studies will then be
used diagnostically to refine crew station designs and perhaps re-examine the functional
allocation of automation in the overall aircraft system. We will now describe the details
of the specific subjective, behavioral and physiological measures that have been
deve lnped.
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t. Subjective Workloud Assessment

First is the use of subjective judgement as a measure of operator workload. Recent
trends in the psychological literature support the inclusion of subjective techniques as
an important element of an overall workload assessment methodology (ref. 8). This
position stems basically from the conclusion that if an operator feels loaded and must
use considerable effort while performing his tasks he really is loaded and effortful. .
This is true despite the actual measured performance level of his tasks because, prior to
actual performance degradation, subjective feelings indicate the added effort that is
being ecxpended. Subjective measurement techniques also offer the potential of being
rel-tively nonintrusive to the performance of the primary mission tasks and can be easily
impiemented in complex simulation or actual operational setting. In any case, howcver,
it must be emphasized that subjective measurement is part of an overall system of wotk-
load assessment and is not necessarily used as the sole technique.
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The Subjective Workload Assessment Technique (SWAT) (ref. 9) has been developed at
the Air tnrce Acrospace Medical Research Laboratory and has gained wide acceptance and
usare throughout the United States and allied nations by both researches and weapon
cystem developers.  SWAT uses a psychometric technique called conjoint measurcment to

-
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construct interval workload scales from ordinal rankings of subjective load levels. This
hias solved some of the historic problems with subjective assessment that suffered irom
- Peitations because of nonstandardized scales. With conjoint measurement only the ordinal
(o redationship or the data is required to produce an interval scale. Also the joint
k. vifests ot several lactors are represented alporithmically by rules that are directly
:{, bientitied from the subjective data. The power of this technique has signiflicant
w-
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advantapes over the strictly ordinal results that were obtained from subjective opinion
the

in past.

The rating factors that have been included in SWAT are adopted from a theorctica{
{runework developed by Sheridan and Simpson (1979 ref. 10) for workload assessment. These
ditensions are time load, mental effort load and psychological stress. Tt is assumcd
{hat subjective workload can be represented by a combination of these three Qimenslons.
the definitions of the three dimensions as well as the levels that are solicited

subjectively are as follows:
Time Load

1. No or very few interruptions in the planning, execution, or monitoring of tasks.
Spuare time exists between many tasks.

!. Task planning, execution and monitoring are often interrupted. Little spare

time. Tasks occasionally occur simultancously.

. Task planning, execution and monitoring are intcrgupted most o{ the time. No
spare time. Tasks frequently occur simultancously. Considerable difliculty in
accomplishing all tasks.

I. Little conscious mental effort or planning required. Low task complexity such

that tasks are often performed automatically.

2 Considerable conscious mental effort or planning required. Moderately high task
complexity due to uncertainty, unpredictability, or unfamiliarity.
3. Extensive mental effort and skilled planning required. Very complex tasks

demanding total attention.

Psychological Stress Load

1. Little risk, confusion, frustration, or anxiety exists and can be easily
accommodated.

2. The degree of risk, confusion, frustration, or anxiety noticeably adds to
work load and requires significant compensation to maintain adequate performance.

3. The level of risk, confusion, frustration, or anxiety greatly increases workload
and requires tasks Lo be performed only with the highest level of determination and
self-control.

Procedures for the application of SWAT have also been developed and validated. As
an example, consider the evaluation of a particular automation/cockpit configuration in a
piloted aircraft simulator. Once the subject pool has been identified and briefed on the
purpose of the study, they are asked to develop an overall ranking of the combined work-
icad factors. That is, the 27 combinations of workload level and dimension are ranked to
vroduce a scale that represents the joint effect of time load, mental effort load, and
prvchological stress load. These results are then used to develop the overall interval
worh load scale. SWAT applications to date have shown that subject ranking data can be
#mrouped into three clusters representing individuals that weigh time, mental effort or
peychological stress load more heavily. Conjoint scaling routines are then used to
Jerive numerical values for each combination of levels that preserve the original
ordering.

Next the actual event scoring phase of SWAT can be accomplished.

Some preplanning

is required to determine what mission phases and tasks should be scored.
should be taken temporally as close to these as possible.
experimental run,
the event of interest.

Ratings

During the actual simulator
the pilot would be asked to rate each of the three load dimensions for
The actual administration should be planned so that it does not

interfere with the mission tasks and events.

The scale value solicited then becomes the

actual subjective workload score for that event.

SWAT has also been used in two alternate modes that prove very useful. Reflective
SWAT (ref. 11) is sed after experimental runs and is usually combined with post-trial
interviews where subjects are asked to reflect on particular events. This allows rating
ot events that could not be obtained in real-time. Secondly, SWAT has been used success-
fully in a projective mode as well (ref. 12). This is the case when a system does not
exist and subjects are asked to rank workload for hypothetical systems and situations.
Projective SWAT is a powerful tool for obtaining cstimates of workload during concept
detinition and early design of avionics and cockpit configurations. Projective ratings
have a,reed well with eventual piloted simulator data.

Applications of SWAT have been numerous within the Air Force and aircraft industry.
Notubly it has recently been used to select from among control/display alternatives for
imp lementation in a transport aircraft. Also initial German and French versions have been
developed.  Further improvements to SWAT procedures and software are being developed at
the Air Force Aerospace Medical Rescarch Laboratory. Two areas receiving attention are
additional validation ot projective SWAT because of its potential importance to the
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evaluation ot Air Force weapon systems carly in development, and automated support for
SWAT application and analysis.

2. Behavioral Workload Assessment

The s-cond major category of operator workload assessment technique being investi-
pated at the Air Force Aerospace Medical Research Laboratory is behavioral. As the name
implies this involves direct measurement of pilot performance, usually in terms of time
and error to perform certain tasks. Workload investigators have historically used a
technique known as secondary task as a measure of primary task workload. In this approach
a pilot is given a task unrelated to his mission responsibilities, for example a tracking
tash. Then as the pilot performs his primary mission tasks, changes in workload are
Jetected by changes in performance of the secondary task. This technique stems from the
multiple tresource theory of human cognitive processing (ref. 13). A variation of this
approach c¢alled embedded secondary task uses one of the routine mission tasks as the
actual secondary task. This has obvious advantages because it is nonintrusive.

The techniques mentioned above have historically lacked a cognitive process f{ramework
in sclection of the secondary tasks and interpretation of performance results. Research
a4t cur laboratory has resuvlted in the development of the Criterion Task Set (CTS) Resource
tramnework to uddress this problem (fig. 5) (ref. 14). The CTS model defines three stages
of processing for input, central and motor output resources (ref. 15). Each stage is also
associated with appropriate modes for input (visual/auditory), output (manual/vocal) and
the central processing code (spatial/symbolic). The central processing stage is further-
more subdivided into a working memory and three different levels of central decision
activity.

The TS framework has rapidly gained acceptance by both researchers and applied
purtormance analysts as a useful tool for organization of human performance studies. It
is being considered as a possible international standard and is currently a major part
of a4 Tri-Service performance battery for the assessment of chemical defense pretreatment
drurs.

In terms of automation for tactical aircraft operations the CTS is not just a
measurement frumework. When combined with the subjective techniques discussed earlier
and the elec rophysiological measures that will be described next, the CTS provides
insight into which operator resource pools (that is, input, output, central) are being
tapped by scenario demands and also the control/display and automation configuration.
Thus further insight into the cause of potential workload choke points can be obtained
tor the purpose of evaluation of cockpit design and impact of automation on the pilot.

CTS RESOURCE FRAMEWORK

STAGE/ PERCEPTUAL CENTRAL RESPONSE
STRUCTURE INPUT PROCESSING OUTPUT
MODE/ VISUAL SPATIAL MANUAL
CODE
AUDITORY SymBoLIC VOCAL
» —— — —— ] —— —— —— — — t—
. WORKING CENTRAL
- MEMORY ACTIVITY
) ACTIVITY!
P FUNCTION ENCODING INFORMATION MAN!PULATION
I STORAGE REASONING
; RECALL PLANNING & SCHEDULING
.
»
I
, Fipure 9. CTS Resource Framework
]
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N 3. Electrophysiological Workload Measures
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ox The third major category of workload measurement technique to be presented is

N electrophysiological. In the past physiological measures of performance, stress and

o\~ work load have not been very successfully applied. The primary problem was that all

r&\‘ measures weoe somewhat equated in terms of providing an oycrull‘levol of "arousal” or

o “uctivation level." Experimental results were therefore inconsistent depending on task
and environment. More recently, however, studies have indicated that specific psycholog-
ical functions are reflected by certain physiological measures. The Air Force sponsored

YR a large number of studies to further validate this construct. A final set of six electro-

2 physiological measures was selected and built into a hardware measurement system called

e the Neurophysiological Workload Test Battery (NWTB). The NWTB provides‘aq easy to

- use work load measurement system for general laboratory, simulator and limited field

assessment of workload. Of particular importance is to provide suificient automation and
explanation so that the system can be widely used by other than psychophysiology experts.

To achieve this goal the initial version of the NWTB is currently being validated on 4
contract with a major aircraft manufacturer. Guidelines for application of the individual
reasures to specific design, evaluation and simulation problems will result as well as
sugcestions for improvement for a next generation measurement system. A brief

description of the specific tests implemented on the NWIB follows.

First is the Transient Cortical Evoked Responsc. This represents the brain's
response to a slow rate (below | hertz) discrete stimulus such as on auditory or visual
input. In medical terminology this measured activity is called the electroencephalogram.
The measurced waveform has scveral peaks, the early peaks correlate with human sensory
function, while the later components are associated with central and output processing.
The P (or P300) peak is most highly correlated with mental workload and decreases in
amp litude as cognitive processing load increases. To acquire the signal surface
electrodes are pasted to several locations on the scalp.

The second category of tests is the Steady State Evoked Response. Here the brain
is stimulated more rapidly (faster than 4 hertz) and eventually rcaches a steady state
so that electrical activity at the same frequency as the input signal can be measured.
Phase lag measures and calculation of the latency of the visual system indicate that the
Steady State Evoked Response is useful as a measure of sensory system workload. Surface
scalp electrodes are again used to gather this data.

Next, the NWTB also measures eye movement and blink pattern data. The ecye blink
frequency has been shown to be indicative of operator attention and fatigue or long-term
work load. Basically, a more demanding task requires increased operator attention and,
thus, data indicate that blink frequency decreases. Preliminary evidence also shows a
comparable decrease in blink duration based on the same rationale. This data is gathered
again by electrodes placed above and to the side of the eyes (often called the electro-
ocu tograph).

A measurte of muscle activity is also included in the NWTB to monitor physical work-
load. FElectrical signals measured by electrodes are used to assess overall muscle
fatigue such as may be encountered in a difficult tracking or manual control task.

The final type of measure included in the test battery is the electrocardiogram
(EKG) which is also acquired through the use of surface electrodes. To date, preliminary
dat. indicate that cardiac variability holds promise as a measure of cognitive workload.

Frow the briel summary of the electrophysiological measures described above, the
izportance of the validation effort is underscored. That is, procedures for when and how
to apply the measures are necessary to effectively evaluate wotkload levels imposed by
crew station configurations. The neurophysiological measures in particular offer the
potential to evaluate fine grain performance associated with particular control, display
and automation alternatives. Plans for the next three years include the development of
an advanced battery suitable for field test and airborne applications.

COCKPLT AUTOMATION TECHNOLOGY (CAT)

As you can see from our previous discussion, it is our opinion that the technology
must provide a comprehensive data base and individual design methodology for the solution
of pecitic problems, e.g., COMBIMAN, but this, of course, is not enough. An overall
“desiyn methodology is required that provides structured quantitative traceability of
desipgn decisions usable throughout the development process from conceptual design through
the inevitable modification programs. To provide this design process the United States
Air Force instituted the Cockpit Automation Technology (CAT) advanced development program.
[T successful, this program by 1989 will provide a basis for the standardized crew station
decipn process [or use by government and contractor personnel which will reduce overall
development rish and result in optimized cockpit design. Most importantly the process

will aitesrate into a unified system including all air vehicle subsystems, e.g., avionics,
iirtenty propuldsion, flight control, life support and escape, etc., insofar as they
tryinge on the cockpit design. Once the methodology is developed in phases one and two of
the progran a specific cockpit crew system will be designcd, mechanized and demonstrated
at thicing pround based man-in-the-loop full mission simulation to test the practicality
ard coodnes« of the process. The night in weather air-to-ground mission will be the

fucus of this test crew system and will, hopefully, represent a point of departure for

tature designs in this difficult mission area. A similar point design will be developed
ter the rit-to-air combut mission in a subsequent phase of the program.
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The Cockpit Automation Technolopy program is contractually structured to cnsure the
appropriste multidisciplinary skills are brought go.beur on Lhe.proplcm, In phase one ol
the prosram, three contract teawms are employed utilizing a combination 9( ulytrnmc _
companies, avionics developers, analysis/modeling houses, and human engincering organiza-
tions. These three teams of primary/subcontracting groups are providing the skills and
techneolopy sets necessary for a unified design process and have already resulted in some
promising synerpistic integration of design approaches.

The Cockpit Automation Technology design process, including the design procedures,
individual design tools, data bases, human performance metrics and models will be
implenented to the extent practical using computer aided design and engineering (CAD/CAE)
to improve both the efficiency and the technology transition of the process to the varied
Jdesian communitly involved. The Cockpit Automation Technology Program will complete phuse
one in 1955 with the development of the three competing design processes. Phase two of
the program beginning in 1985 will fund two independent development ef{forts to further
develop the design methodology and provide the above discussed point design. Phase three
of the program to be completed in 1989 will take the best process/point design and
woomp lish an evaluative man-in-the-loop simulation with simultaneous translation of the
design process into a computer aided design system. Once such a system is in place, it
is anticipated that both user expericnce and technology push will require its periodic
redinement and approaches to accomplish this very necessary function are currently in
p lanning.
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PRESENTATION DE RELIEF SYNTHETIQUE EN TEMPS REEL
POUR LES MISSIONS AEROPORTEES TOUS-TEMPS

% gnn J.N. BOTELLA
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oM RESUME

?-"‘: Duans le cadre des missions aéroportées tous-temps, il s’avére nécessaire de donner au pilote des informations sur le monde exté-
‘.\:-\‘. rieur. méme et surtout en ["absence d'informations des capteurs radar ou optroniques. Le développement des banques de données
,"-'. numidriques altimétriques améne THOMSON-CSF 2 étudier la présentation d’un relief synthétique dans un cockpit. L’étude des diverses
{~ ':' mémoires de masse montre qu'un film couleur a des capacités de stockage remarquables, Les données altimétriques sont stockdes sur
LW un film qui est lu par le lecteur MERCATOR (dont la vocation initiale est la lecture d'images cartographiques). Les algorithmes de

synthése 3D utilisés profitent des possibilités exceptionnelles que permet ["analyse du MERCATOR. Cette étude montre comment
un produit unique, le lecteur cartographique MERCATOR. destiné A présenter des images planes, est utilisé pour réaliser des visua-
lisations tridimensionnelles de terrain,

1.0 INTRODUCTION

Le département Avioni, e générale (AVG) de THOMSON-CSF, division AVS, produit, en particulier, les ta' !»aux de bord LFIS
des AIRBUS A310 et A320, les systémes de visualisation du Mirage 2000 et de 'Atlantique nouvelle génération. Ont été également
développes les lecteurs cartographiques couleur ICARE puis MERCATOR. Ils visualisent sur un écran cathodique couleur la carte choisie,
ainst que diverses informations de navigation et de pilotage. 1.*¢tape suivante consiste a présenter une image synthétique perspective. Le

.;‘J_ systéme que nous allons décrire est directement issu de MERCATOR dont il reprend les éléments principaux, nous y reviendrons.
s Son but - construire un paysage synthétique. Précisons tout d’abord le role que nous voulons attribucr A cette image.
P
- 11 ROLE D'UNE IMAGE SYNTHETIQUE DE PAYSAGE
On peut etre tenté d'utiliser une image synthétique générée en temps réel et projetée en téte haute pour compléter le paysage de
detatls importants qui ne sont pas visibles soit pour des raisons de météorologie ou de niveau lumineux (vo! de nuit), soit pour des

- ranons de masquage par le relief. On conserve ainsi les réflexes de pilotage du vol 2 vue, tout en donnant confiance au pilote par la

’ superposition des images. Ceci est raisonnable pour des symbologies telles que les pistes artificielles destinées a guider le pilote et que
lon peat superposer au paysage extérieur, via une visualisation téte haute. Mais les primitives graphiques de ces «objets» sont le plus
souvent extremement simples (rectangles) ; et les appareils de localisation utilisés (radiolocalisation d’approche) sont trés précis.

[ est beaucoup plus délicat de superposer un paysage synthétique construit & partir d’'une banque de données altimétriques et du
systéme de navigation embarqué. Et ce, pour des raisons de confiance dans I'information présentée. En effet, une erreur minime sur le
positionnement de Paéronef, ou sur une des altitudes stockées, peut se traduire par une image perspective éloignée angulairement de
I'1mage reelle, surtout sur les pluns de vision proche. La cause en est le principe méme de la projection perspective : I'image d’une erreur
teinaltitude par exemple) se traduit & I'écran par une erreur inversement proportionnelle A la distance de 'observateur au point ot se
situe Perreur,

Enfin. n’oublions pas Pincertitude due 2 la couverture végétale.

Duoac. nous pensons pour Pinstant, que ce type d'images ne doit pas étre présenté en téte haute. 1 peut néanmoins servir & Paide au
- pilutage, en tete husse, en prenant en compte l'enveloppe des erreurs possibles, surtout avee les nouveaux systémes de navigation dont la
previion slamchore cnormément grice aux recalages automatiques. 1} est aussi trés utile pour Vaide 2 1a prise de décision. Dans ce but,
Sl cn prut proposer plusieurs types d'images -

Pobservateur est situe & la position avion, le champ de image est large, et la dicection de vision au choix. Une vision faible
hamp (zoom) peut étre présentée dans toute direction,

Vobuervateur est watue A T postion de l'avion, mais 3 une altitude supérieure. On présente dans ce cas la scéne que le pilote a ou
devrat avorr sous fes veux vue d'une position plus élevée. La visualisation de la route A suivre ou des objectifs sol est facilitée,

cnsnppone sur e paysage de synthese les premiers plans. Les zones quiils cachaient sont alors visibles,

Ll
-

-
-

DYantres forctieas ande X la decision pourront étre ajoutees

s .' -l
P ARy Sy

B
»

Fenites vos prcsentations peasent étre effectuces a partic du porat actuel, ow, par exemple. d partir d'un point futur correspondant
aoune phase cnfepe e de Lo mission.

-
’
"

12 AUTRES SYMBOLOGIES

]

Notre propos n'est pas de les décrire. D'autres auteurs Font fat et Vonginalité de notre travail est ailleurs. Cependant rappelons gue
Uen peut saperposer aux images générér des figurations graphiques visualisant ¢n 3D fes zones dangereuses (présence de batteries enne-
mrest M route Je secunté maximale, ete... Précisons seulement que ta méthade de stockage et d'accés aux donndes altimétriques que
nous atlons cxposer facilitera grandement le positionnement de ces informations,
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2.0 MERCATOR

Frudions bricvement Uindicateur cartographique MERCATOR (figure 1). MERCATOR est un analyseur de film couleur 3 spot
muobile (flying spot).

Le contenu du film (une carte, et, plus généralement, toute image) est affiché sur un tube cathodique couleur. Chaque position du
spot du tube d analyse A large bande spectrale «éclaire» le point étudié du film. Le rayon correspondant traverse le film. puis est décom-
pos¢ en ses trois composantes : rouge, vert, bleu, par le séparateur trichrome. Les trois photomultiplicateurs terminent la chaine d'ana-
lyse. Lintérét principal d’une analyse de fitm par spot mobile est que de simples moditications du balayage réalisent des rotations ou
des zooms des images visualisées. [1 suffit d'uppliquer une rotation ou un facteur d’échelle au balayage de type télévision du tube d'ana-
lyse. Le seul sousnsemble mécanique de MERCATOR asservit {avance du film.

3.0 LAMEMOIRE FILM
3.1 INTERET DE LA MEMOIRE FILM

Dans MERCATOR, le film mémorise la carte sous la forme de son image. Le film est en effet un moyen de stockage d'informations
remarquable tant sur le plan volume/poids que capacité. Le tableau [ le montre. It compare les mémoires habituellement utilisées, & une

bobine de 17 m de film,

Deuxiéme point important : le film est une mémoire bidimensionnele. Chaque point est accessible aléatoirement. 1f est possible de
lire les données séquentiellement te long de toute droite. 11 suffit pour cela que le lecteur A spot mobile suive cette droite.

Synthétiser un paysage nous permet de tirer pleinement parti de cette mémoire surfacique en mémorisant sur le film, non plus une
carte, mais des données altimé triques.

TABLEAU 1 : RECAPITULATIF DES MEMOIRES DL MASSE

TYPE LIMITATIONS

1 boitier = 1 Mbits
Mémoires électroniques (épaisseur estimée avee support 3 10 mm)

10 Gbits

10000 boitiers et 1,25 kW en moyenne

1 boitier 5 x §” = 4 Mbits (45 x 15 x 5 mi)

Bulles magnétiques
10 Gbits = 2500 boitiers et 1,2 kW en moyenne

1 disque de 200 mm = 100 Mbits (non formaté) sur deux faces

Disques magnétiques
10 Gbits = 100 disques

Toute la bande défile en au moins 6 min. 300 kbits/pouce**2

Bandes magnétiques
10 Gbits = 3000 m de bande (une bobine de 15™)

Militarisation & faire
Video disque
10 Gbits = 1 disque de 300 mm (1,25 disque de 200 mm)

9,7 Mbits/pouce**2

Film photo
10 Gbits = 17 mde film

3.2 STOCKAGE D'ALTITUDES SUR UN FILM

Nows disposons des frchiers alimétriques numérigues réalisés par IGN (Institut Géographique National). Ce sont des fichiers n.ail-
Ies, Cest-d-dire que les altitudes du terrain sont données selon un maillage tracé sur le sol. IGN code les altitudes sur 16 bits.

Nous ¢tabhissons une correspondance surfacique entre chaque point du fichier et le film. Chaque pixel du film est impressionné de
telle sorte que ses prements portent I'information altitude du point correspondant du fichier.

Pour cela e altitudes sont transcodées en une table de transparence dans chaque couleur, rouge (R), vert (V). bleu (B). Donc 2
Chague altitude eorrespond un tnplet de transparences R, V, B, Le film est réalisé afin que ce triplet soit retrouvé A I'analyse et, ainsi,
tourntse par decodaee une altitude.

Fe codape chost utilise quatre niveaux dans le rouge, huit niveaux dans le vert et huit dans le bleu, soient 256 altitudes possibles.

e diamétre Ju spot d'analyse provoque un effet d'interpolation entre pixels ; notre cade doit en tenir compte pour préserver la
coherence de Panaly se. Cette interpolation sera utile par ailleurs.
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40 TRACE DU RELIEF

141 1YPE D'IMAGES
1 e type Jumages que nous avons chotst est adapté au systéme de lecture des données, 11 s'agit d'images hendes et ombrées. 1] est

Cadement possible Je gendrer uniguement les hignes de cretes «observéesy. Clest en fait les points du terrain A la frontiere des parties
vues et vachees, De meme on peut choisir de tracer des coupes de terrain.

42 CONCEPT DE BA

Dians ce v ut va stvee . nous supposons une vision horizontale. L'image perspective est construite sur un ¢cran de S12 lignes et
S colonnes, couvrant un champ de [ degrés.

Consderons une ligne radiale tracée sur le terrain (voir figure 2). Elle relie la position de I'observateur, projetée au sol, a un point
atue A b distance de viston maximale. De plus, elle appartient au secteur S, projection au sol de la pyramide de vision. La transfor-
malion perspective Ctransformation qui projette tout point du sol sur I'écran) de tout point de cette radiale se trouve sur une colonne de
Veoran Cotat, e au systéme de balayage du tecteur A spot mobile, simplifie grandement le processus de caleul. Le spot déerit tes $12
rales necessaires sur la banque de données, comprises dans un secteur de D degrés, chaque radiale servant A construire chaque colonne

de Pearan,

Modiber
e Champ dobservation,
L dires tion d'observation,
La distance maximnale de vsion,
revient & modifier umguement le balayage Jdu tube danalyse.

La transformution perspective elle-méme, se termine par le calcut de ls hauteur dans 'écran de chaque point échantillonné sur la
radiale. Clest un simple calcul de tangente {vour figure 3).

1.3 TRACE DE L'IMAGE

431 OMBRAGE ET LISSAGE

I aspect final de Pimage et la comprehension de la perspective depend de cette opération

33110 Ombrage tvorr figure 3)

Nous disposons une source fictive de lumiére (solet) qui éclare le paysage e, dong, le rend intelligible. On calcule alors la luminan-
coorattntuer it chagque pomnt du champ de vision.

Pour <¢ tare, on evalue le vecteur normal au point du terram constderé,
Deun radiales successives sont néeessaires, sur lesquelles on utihse tes trows points A, B et C (voir figure 2). A ¢st le point courant.
{2 tnengle ABC constitue une facette dont Uinclinatson est déternunce par le caloul de soninclinaison Jatérale (suivant AC) et de son

i hnatson lonetadmale tsuvant AB).

e deny donnees et le vecteur soled permetient le caleul de la lumimance du point A (produt scalaire du vecteur normal A la
tacetle par le veotens soletl en supposant que Palbedo est constant dans La pyramide de vicon.

Pooar seaplidier e calead, onplace Lo source de lumidre sur L verticale au point d'obaervation. Lo vecteur soled en chagque point ob-

wrve ot otenu par ke plan vertical de fa radiale associée.

Nevr ot done aboaler L tutnence de la trunstormee écran de chague pont du terean.

PAL L e tvour Ligare )

Drane racdiate o Pautre s e hissage ost naturelement réalis¢ par Pinterpolation du spot entre facettes, vt par le fait que Pon travaille
1 benent a lodetimtion ¢cran (512 radiales, 512 colonnes),

e long tane radiale se fot paranterpolation sur les luminances cateulées.

I«

Sy
Lo resuttad obten est assez proche d'un hssage de GOURAUD (interpotation bilindaire sur les luminances en chaque point d’une
Looorrer smons laomethode est plus sample et parfintement adaptée au systéme de lecture du MERCATOR.
oL PEIMINATION DE S PARTIES C ACHEES
Sy it d enaes s e parre aved parties cachées. La méthode d*élimination que nous avons choisie utilise, elte aussi. la particula-

At ewste de b tuee des donrdes, Flle seffectue ke Tong d une radiale (soit une colonne derand, done en série avee les autres trai-

o ey st le savant o Le balavage des données dattitude se fait de Vobservateur vers horizon. Soit I 1a hauteur
! et la distance du pomt 3 Pobservateur. Un point & fa distance db est visible si et seulement si Lo

s ieor
it au vorsmage e dl et st htdD est supérieure au maximum de (d) pour d compris entre O et dl

P -0 et hidh > [ MAXth(D) 10 < d <l )

Con e aniions sont taailes a cabler. §utitisation de e détecteur de parties cachdées rend possible le tracé des lignes de crétes seules.

»
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4.4 SCHEMA GENERAL tfigure 6
O reconnait sur ce schemg les bloes correspondant aux fonctions décrites précedemment. Précisons que la lecture des données est
analogrque. puis Pensemble du tratement est numérique (cablé). On 'y ajoute un filtrage permettant de réduire le bruit de lecture, De
pius un transcodage adéquat pennet de volorer Uimage tinale en fonction, par exemple, de Paltitude.
La cadence de génération des images est réglée par la vitesse de balayage du tube d’analyse. Actuellement, on travaille & 25 images
par seconde.
2.0 AUTRES DEVELOPPEMENTS
D'autres possibiités sont offertes grace A la tecture A spot motule du fichier altimétrique -
siulation radar : les données sont explorées avece un balayage similaire A celui d’un radar,
- déternunanion de zones dintervisibilité - par détermwnation des zones vues ou cachées A partir de tout point,
caleul d'un profit de terrain | ke profil peut ¢tre déterminé selon un trajet quelconque. L suftit que le spot du tube d’analyse sui-
ve e trajet.
6.0 CONCLUSION
Nous venons de décnire Pintéret d'un tel systéme -
e stockage chromatique des altitudes sur un film, utilisé comme une mémoire bidimensionnelle,

acquisition des données par un lecteur de film A spot mobile, ce qui permet un calcul des images en temps réel de maniére simple
«t un encombrement fable de Fensemble,

Les tests d'un prototype viennent de commencer et vont nous conduire 3 évaluer 'ensemble du concept.

Notre objectit ¢ un systeme opérationnel en 1990.
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. 'f SYNTHETIC REAL-TIME RELIEF DISPLAY
)l
b, ALL-WEATHER AIRBORNE MISSIONS
T
LS
n J.N.BOTELLA
" THOMSON-CSF
: . 31, rue Camille Desmoulins
N 92132 1SSY LES MOULINEAUX
S FRANCE
% ,
!‘ .
A Within the context of all-weather airbome missions, it proves to be necessary to provide the pilot with information on the external &
world. even and particulurly when information provided by radar or optronic sensors are failing. The development of altimetric digital
K data banks induces THOMSON-CSF to examine the display of synthetic relief in a cockpit. The study of various mass storages sh(?\i{s
+ that a colour film has remarkable storage capacities. Altimetric data are stored on a film read by the MERCATOR reader (whose initial
. function is to read map images). 31 syathesis algorithms are used and they are provided with the exceptional possibilities enabled by
o the MERCATOR unalysis. The philosophy of this study is to show how a unique product, the map reader MERCATOR, designed to
W display plane images., is used to perform tridimensional displays of relief.
1
*ua
1.0 INTRODUCTION
y , THOMSON-CSF General Avionics Department, AVS division, manufactures in particular the AIRBUS A310 and A320 EFIS ins- )
N trument panels. MIRAGE 2000 and Atlantic new generation display units. Cotour map readers ICARE and MERCATOR have also been v
) developed. They display the selected map on colour screen and also various navigation and control informations. Next step is to display St e o
X a synthetic perspective. The system we shall describe is directly stemming from the MERCATOR system whose main elements, we shall EE
N refer to ths later. are taken up. The purpose of this system is to build a synthetic landscape. It is first necessary to precise the function
wo want to give to this image.
-
- 1.1 FUNCTION OF A SYNTHETIC LANDSCAPE IMAGE
[\ :
‘: 1t 1s possible to use a synthetic real time generated image, head-up displayed in order to complete the landscape with important !
g details which are not visible either for meteorology or light level (night-flight) reasons or blanking caused by the relief. Thus are preser-
- ved the sight controls and the pilot gets confidence via the image superimposition. This is reasonable for symbologies such as artificial HEEN
- runways designed to guide the pilot and which may be superimposed on the external landscape via a head-up display. But the elemen-
. tary graphics of these «objects» are most of the time extremely simple (rectangles) and the used localization devices (radiolocalization
appreich) are very precise.
R .. It is much more delicate to superimpose a synthetic landscape built from an altimetric data bank and from the navigation system
. on board. The reason is the failing contidence in the displayed informations. Indeed, a minor eror in the aircraft position, or in one of
the stored altitude levels, may cause a perspective image to be angularly ditferent from the real image, particularly what concerns the o p
- near sight planes. The cause is the principle of perspective display itself : the image of an error (in altitude for example) will be displayed ’ %E"'j
- un the screen by an error in inverse proportion to the distance from the observer to the point where the error is located. C
. -,
i\ - Finally . we should not forget the error source due to the vegetation cover.
i We thus presently think, that this image type should not be head-up displayed. This image type may nevertheless be of use for the
.; arcraft vontrol in low-head displsy., taking into account possible error envelope, particularly with the new navigation systems, whose
o aceuriey 1s i lot amehorated by automatic updatings. This type of image is also very useful for flight planning. In this purpose, several
A types of images may be proposed
." , the observer s situated at the aircraft position, the image field-of-view is wide and the sight direction may be selected. A small
; . tiehl-ot-view sight (zoom) may be displayed in any direction,
1N
the observer is situated at aircratt position, but to a higher altitude. In this case, the landscape which the pilot has or should
' have under the eyes but from a higher position is displayed. The display of the route to be followed or of ground target, is
w
, Casier,
:1 foregrounds on sy athetic landscape are suppressed, hidden arcas are then to be secn,
- It will be possible to add other functions designed to enable flight planning.
» Al these divplays iay be performed trom the present point or for example from a future point corresponding to a mission critical
pomnt
S
:",'. 1.2 OTHER SYMBOLOGIES
:~;. Ity not nur purpose to describe them, this was the philosophy of other studics ; the particularity of our study is different. Never-
X theless let us recall that itas possible to superimpose on the generated images, graphic figures displaying on 3D dangerous areas (enemy
d:v attack and defenve systems, the maximum sceurity route, ete... Let us only precise that the storage and access method to the altimetric
‘. data wiuch we shall expose, wall enable an casier adjustment of these informations. |
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2.0 MERCATOR

The following 1 a survey of the moving map display teader system MERCATOR (ee turne 1 The MERCATOR 15 a flying spot
colour film analyzer.

The Dim content (a map. or more generatly any iage) o displayed on g colour cathode ay abe Fach posit o ot the spot ot
the wide spectrum range analy zer tube «hghtenss the tlm paint analyzed  The corresponding bean crosses the tilm, 1s than discomposed
into its 3 components : red, green, blue, by the trichromatic separator The three photomuttiphe s are the end of the analysis systen.
The main interest of a flying spot film analysis, 1s that sunple scanning modifications are perforrnng rotations or zooms of the displayed
tmages. It is sutticient to operate a rotation or a scale factor on the television type scanming of the analyser tube. The only MERCATOR
mechanical sub-assembly staves the film progress

3.0 FILM MEMORY
3.1 REVELANCE OF THE FILM MEMORY

In the MERCATOR. the film stores the map under its anage form The Yilm proves 1o he g remarkable information storage device
as well concerning the volume/weight or the capacity (refer to table Uy Lable T compuares the usual memones to a 1 7-m film spool.

Seeond important point : the film s 4 bidimensional memory  Fach pont s randomly accesab-le fhe dataare sequentially readable
along any line. Only requirement is that the flying spot reader follows this line

o synthetize a landscape cnables the full use this surface memory by storing on the film, not anviore a map. but altimetric data.

TABLE 1 . MASS STORAGES SUMMARY

TYPE LIMITS

1 ¢lap = 1 Mbats
Electronic storages (thickness with support, estimated to 10 mm)

10 Ghits = 10000 chips and 1.25 kW (average)

1¢chip 5™ x 5™ = 4 Mbits (45x 15x 5 mm)
Magnetic bubble storages
10 Ghats = 2500 chips and 1.2 kW (average)

1 200-mm disk = 100 Mbits (non formatted) on 2 sides
Magnetic disks

10 Gbits ~ 100 disks

The whole tape runs within at least 6 minutes 300 kbits/inch**2
Magnetic tapes

10 Gbits = 3000-m tape (a 15" spool)

Militarization to be done
Video disk

10 Ghits = 1 300-mm disk (1.25 200-mm disk)

9.7 Mbits/inch**2
Photo tilm
106 bits = 17-m film

3.2 ALTITUDE STORAGE ON A FILM

We have at our disposal numeric altimetric files designed by the IGN (Institut Geographique National). These files are grid structu-
red fes. e the altitudes on relief are given according to a grid structure drawn on ground. The IGN c¢ncodes the altitudes with
I6r bats,

We adjust the surtace correspondance between each point of the files and the fitm. Each film pixcl is printed so that its pigments
carry the attitude nforization of the corresponding point in the files.

In order to pertorm such an operation, the altitudes are transcoded in a transparence table for each colour : red (R), green (G),
Mue thy. Fo each slttude corresponds thus a set of three transparences : R, G, B. The film is done so that the triplet is to be found
durning andlysis amd so that the altitude 1s obtained by decoding.

The selected encoding uses tour levels for red, cight levels for green and eight levels for blue, 256 altitudes are thus possible.

The anaiy s spot diameter causes an interpolation effect between pixels ; our code must take this into account for preserving the
analysis cohierence This imterpolation also will be used.
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4.0 RELIEF DRAWING
o ™
o 4.1 IMAGE TYPE
> The image type we choose, is adapted to the data read system. The images are smoothed and shadowed. It is also possible to
" generate only «observed» peak lines. Actually these are points on the ground at the limits of the seen and hidden parts. It is also
. possible to draw ground cross sections.
4
Q
. 4.2 BASIS DESIGN
' 4: In the following, we suppose an horizontal sight. The perspective image is built on a screen composed of 512 raws and 512 columns
K- covering a D degrees field.
; -~ Let us consider a radial line drawn on the ground (see figure 2). It links the observer’s position projected on ground to a point lo-
cated at the maximum sight distance. Morever, the line belongs to sector S, ground projection of the sight pyramid. The perspective
transtormation (transformation which projects any point of the ground on the screen). Each point of this radial line is located on a
) screen column. Fhis and the scanning system of the reader tlying spot, enables an easier computing procedure. The spot describes the
S12 radial bines required in the film data base, included within a D degrees sector, each radial line being used to build each column
] of the screen.
\
. . .
" To modity :
! observing ficld,
N observation direction,
maximum sight distance,
means to modify only the analyser tube scanning.
b s
o I'he perspective transformation itself ends with the computation of the height on screen of cach point calibrated on the radial line.
.‘-. It is 4 simple tangent computation (ref. to figure 3). - }
ol
‘,.'
B 4.3 IMAGE DRAWING
h 431 SHADOWING AND SMOOTHING
L
:“‘ The image final aspect and perspective understanding depends on this operation.
.:'. 4.3.1.1  Shadowing (see figure 4)
oy We assume a light source (sun) which illuminates the landscape and thus let it become understandable. The luminance value to be
o given to each point of the field of view is then computed.
T'herefore, the normal vector at the considered point of the ground is evaluated.
.: Two successive radial lines are required, on which 3 points A, B and C are used (see figure 2). A is the current point. The triangle it o
l.. ABC builds a facet whose inclination is determined by the computation of its lateral inclination (according to AC) and its longitudinal ar
‘_-. invhnation taccording to AB).
LY
.
; Fhese data and the sun vector both enable the computation of point A (scalar product of the normal vector to the breakage by the
sun vector), supposing that the albedo in the sight pyramid is constant.
) In order to simplity the computation, the light source is set vertically at the observation point. The sun vector at each observed
) point is vontained in the vertical plane of the associated radial line.
; '. We are thus able to compute the luminance of the screen transform at each point of the ground.
%
‘l‘.
. 4312 Smoothing (see figure §)
From one radiat hine to the other, smoothing is performed naturally by interpolation of the spot between facets, and by direct
. working on the screen definition (512 radial lines, 512 columns).
-, ~
;", Smoothing along a radial line is performed by interpolation of the computed luminances. ' 1
> Fhe obtained result is rather close to a GOURAUD smoothing (bilinear interpolation on luminances at each point of a facet) but
47, the procedure is easier and perfectly adapted to the reading system of the MERCATOR.
1.8
F 4.3 2 HIDDEN PARTS DLETECTION
N
' B tmage synthesis 15 associated to hidden parts. The selected detection method uses also the particularity of the data read system.
T It s pertormed along a radial line (it is a screen column), thus being in a serial position with other processings.
> o
P The basis principle 15 the following @ altitude data scanning is pertormed from the observer in horizon direction. If h is the height
» ot 4 landseape point on the screen, and d the distance from the point to the observer. A point located at a distance d1 is to be seen
Y only if the functton htd) mcreases in the proximity of d1 and if h(d1) is superior to the maximum of h(d) for d inctuded within
O.and 1 .
N 20 and hedD > | MAX(h(dh) | 0 < d < di )
' Iese conditions are casy to wire. The use of this hidden parts reader enables the drawing of the peak lines alone.
=
4
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4.4 GENLRAL DIAGRAM (figure 6)

“J:‘ The blocks corresponding to the above described functions are given in this diagram. Let us precise that the data read is analogue,
N the whole processing is then digital (wired). The read noise 1s reduced by filtering. Furthermore an adapted transcoding enables to colour
~:~.' the tinal image. according to the altitude for example.
" -
- The unages generation rate is adjusted by the analysis tube scanning speed. Present speed is : 25 images/second.
O L
v
& - S0 OTHER GROWTH CAPABILITIES
! -‘:. T'he tlying spot read of altimetric files provides other capabilitics. |
iy
- radar stmulation . the data are scanned via a scanning similar to a radar scanning,
"4 . ) Ty
vy detection of intervisibility areas : the areas seen or hidden are determined from any point, PORRVR S ,,,_«,*
» . .

computation of relief profile : the profile can be computed according to any selected path. Sufficient condition is that the ana-
Iy sis tube spot is following this path,

b 6.0 CONCLUSION

7.

_‘:\ T he above deseribed advantages of the system are the following :
)

chromatie storage of altitudes on a film used as a bidimensional memory,

" data acquisition via a tlying spot film reader enabling an easy image computation in real time, and small overall dimensions of
. the assembly.
PR ey - ,
W Tests on a prototype have just begun and will enable u. to evaluate the whole design.
. <
-
:-‘ Our purpose ~asystem operating in 1990,
h’.
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THF WIDE FIFLD HFLMET MOQUNTED DISPLAY
by
Joseph LaRussa
Farrand Optical Company, Inc.
117 Wall Street
Valhalla, N.Y. 10595

SUMMARY

The Farrand Optical Company, Inc. has been instrumental in developing a very wide
field of view Helmet Mounted Display. This display provides the pilot with an instanta-
necus field of view of 60° vertically and 135° horizontally. The central field of view
consists of an overlap field of 25° within which full stereopsis is available. It would
agtrear that a new design which the Farrand Optical Company, Inc. is now in the process of
desianing for Aerospace Medical Research Laboratory (AMRL) would be applicable for night
all weather operations where such data as flight path control, computed weapon projector-
ies, synthetic outside world views, expected and »riexpected threats and automatic terrain
following paths would be displayed.

Tt is not the intent of this paper to discuss the application of helmet mounted dis-
irlays (HMD's) to flight operations or to interactive virtual cockpit display systems. For
an introduction to such possibilities we would refer you to an article published by Avia-
tion Week and Space Technology.l The articlc was based on discussions with Dr. Thonas A.
Furness, Chief of the Visual Display Systems Branch of the Aerospace Medical Research Lab-
oratory (AMRL) at Wright Patterson Air Force Base. AMRL also provided the published illus-
trations,

This paper then, deals with the parameters that must be considered in designing a wide
field helmet mounted display. Briefly, these parameters are size, weight and balance on
the head, briaghtness of the display and see-through ability of the display. The discussion
assumes the use of a one inch, high briaghtness, high resolution CRT input already developed
and operational althouah other formats which may be beneficial to the optical design are
carrently under development.

The Wide Field HMD was in fact, originally conceived as a simulation device. The
Arrospace Med