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THE MISSION OF AGARD

The mission of AGARD is to bring together the leading personalities of the NATO nations in the fields of
science and technology relating to aerospace for the following purposes:

Exchanging of scientific and technical information;

- Continuously stimulating advances in the aerospace sciences relevant to strengthening the common defence
posture;

- Improving the co-operation among member nations in aerospace research and development;

Providing scientific and technical advice and assistance to the North Atlantic Military Committee in the
field of aerospace research and development;

Rendering scientific and technical assistance, as requested, to other NATO bodies and to member nations
in connection with research and development problems in the aerospace field;

Providing assistance to member nations for the purpose of increasing their scientific and technical potential;

Recommending effective ways for the member nations to use their research and development capabilities
for the common benefit of the NATO community.

The highest authority within AGARD is the National Delegates Board consisting of officially appointed senior
representatives from each member nation. The mission of AGARD is carried out through the Panels which are
composed of experts appointed by the National Delegates, the Consultant and Exchange Program and the Aerospace
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PREFACE

En 1976, ' ASMP/AGARD a décidé a la demande du Comité *“Sciences du Comportement” d’organiser une
réunion sur les charges de travail des pilotes.

Cette session a été divisée en deux parties:

Méthodes de mesure de la charge de travail.
Etudes de la charge de travail des pilotes.

Ces 2 sessions sont donc complémentaires, les “‘Etudes de la charge de travail des pilotes” souhaitant avoir un
caractére plus concret, plus appliqué au travail de I'aviateur dans des situations réelles opérationnelles ou lors de vols
simulés.

La nécessité de mieux connaitre la charge de travail du pilote est chaque jour plus grande car les progrés de
'aéronautique, de I'avionique, des armements, de I'électronique . . .:
procure une complexité croissante des avions et des hélicoptéres;
- développe une sohpistication poussée des systémes d’armes;
augmente le nombre des informations a traiter par le pilote;
modifie en permanence les systémes de présentation, sans automatiquement les simplifier.

La rangon de ces progrés a pour conséquence de rendre les missions plus difficiles plus stressantes, parfois aux
limites des possibilités humaines.

Malgré les nombreuses publications existantes, I'actualité du sujet persiste. Elle est méme accrue de nos jours:
pour les hélicoptéres, par I'utilisation opérationnelle de I’hélicoptére a basse altitude en ‘“‘rase-motte”, par son
emploi en condition de vol sans visibilité ou de nuit,

pour les avions, par I'avénement d’une nouvelle génération d’avions avec possibilité de manoeuvrabilité
considérable donc générateur d’accélérations importantes.

La finalité des “Ftudes de charge de travail” est d’essayer de quantifier la somme de travail que peut fournir un
pilote a chaque instant en le replagant dans I'environnement physique particulier de I'avion (température, bruits,
vibrations, accélérations . . .) et aussi dans le contexte psycho sociologique et affectif . . . Ces diverses variables peuvent
en effet avoir une influence importante sur les performances humaines.

Pour le meeting de Cologne (avril 1977) 12 communications ont été sélectionnées et rassemblées dans une session
d’une journée le 21 avril 1977.

PREFACE

In 1976, at the request of the *“Behavioural Sciences” Committee, the ASMP/AGARD decided to arrange a meeting
on the work-loads of pilots. This session was divided into two parts:
Methods of measuring the work loads
Studies of the work loads of pilots.

These two sessions are therefore complementary, the “Studies of the work-load of pilots” aimed at being of a more
concrete nature, more applicable to the work of the airman in real operational situations or in simulated flights.

The necessity for a better knowledge of the work load of the pilot becomes more important every day as the progress
in aeronautics, avionics, armament, electronics . . .
brings increasing complexity to aircraft and helicopters;
develops an advanced sophistication of weapon systems;
increases the amount of information to be dealt with by the pilot;
continuously changes the presentation systems without automatically simplifying them.

As a consequence the penalty for this progress is to make the missions more difficult, with more stress, sometimes
up to the limits of human capabilities.
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Despite the numerous existing publications, the topicality of the subject endures. It is even increasing today;

for the helicopters, by the operational use of the helicopter at low altitude in “nap of the earth’’ mode, by its
use in night flights or flying blind,

for the aeroplanes, by the arrival of a new generation of aeroplanes with considerable manoeuvring capabilities,
thus generating high acceleration loads.

The end in view of the “Work-load Studies” is to attempt to quantify the sum of work which the pilot can provide
at each moment by putting him back into the special physical environment of the aircraft (temperature, noise, vibration,
acceleration . . .) an# ulso in the psychosociological and affective context . . . These different variables can, in fact,
have a considerable influence on the human performance.

For the Cologne meeting (April 1977) 12 papers have been selected and combined into a one-day session for the
21st April 1977.
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RESUME

La session consacrée aux “Etudes de la charge de travail de pilote” a rassemblé douze communications.

Six communications concernent I'évaluation de [a charge de travail sur hélicoptére montrant ainsi I'importance et
les difficultés nouvelles des missions opérationnelles sur hélicoptére. Elles comprennent une étude générale des
contraintes particuli¢res du pilotage de I'hélicoptére (B1), les problémes posés par le vol i basse altitude (B2 et B3),
par les vols de longue durée (B4), par I'atterrissage et le pilotage sans visibilité (BS et B6).

Cinq communications sont consacrées & des problémes spécifiques aux avions, vol de longue durée sur avion de
combat lors de déploiement transocéanique (B7), coiit métabolique et endocrinien du vol sur avion de combat (B8),
nouveau systéme de visée pour tir air sol (B9), appontage de nuit au cours de campagnes opérationnelles prolongées
sur porte-avions (B10), qualité de vol et charge de travail sur avion de transport court courrier (B11).

Une communication étudie par questionnaire dirigé les caractéristiques particuliéres du travail des différentes
catégories de pilotes (B12).

SUMMARY

Twelve papers were selected for the session devoted to *“Studies of the work-load of the pilot”.

Six of these relate to the evaluation of the work-load on the helicopter, thus revealing the importance and the new
difficulties of helicopter operational missions. They comprise a general study of the stresses peculiar to helicopter
piloting (B1), the problems raised by low altitude flight (B2 and B3), by long duration flights (B4), by blind flying and
landing (BS and B6).

Five papers are devoted to problems specific to aeroplanes; long duration flight in a combat aircraft in trans-
oceanic deployment (B7), metabolic and endocrinal cost of flight in a combat aircraft (B8), new aiming system for air-
to-ground firing (B9), deck landing at night during prolonged operational campaigns on aircraft carriers (B10), flight
quality and work-load on a short-haul transport aircraft (B[ [).

One paper studies by a selectively directed questionnaire the special characteristics of the work of different
categories of pilots (B12).
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RAPPORT D’EVALUATION TECHNIQUE
par

R.Auffret
Médecin-Chef du Centre D’Essais en Vol
et du Laboratoire de Médecine Aérospatiale
91220 Bretigny-sur-Orge
France

Le rapport d’évaluation technique comportera trois parties:

Présentation des communications en les replagant dans le contexte des “Etudes de charge de travail du pilote”.
Analyse et résumé des communications.

- Conclusions et recommandations.

Presentation des Communications

Le travail du pilote peut se résumer en trois types d’action:

(1) — Acquisition des données indispensables au pilotage de I'avion et a I'acccmplissement de la mission. La
meilleure appréciation en est donnée par la mesure des informations du systéme avion qui “entrent’ dans le pilote. Ces
entrées sont surtout visuelles d’ou I'intérét de la mesure des mouvements oculaires a I’aide d’oculométre (B2) ou des
mouvements de la téte a I'aide d’un film (B3).

(2) — Analyse de la situation par le pilote a partir des informations acquises. Les modifications subies au niveau
pilote entre les “entrées’ et les ““sorties” (généralement action sur une commande) peuvent donner une estimation de
cette action, par exemple, fonction de transfert. De méme, I’étude des variables physiologiques, fréquence cardiaque
(BS) des modifications métaboliques et endocriniennes (B7) (B8) peuvent rendre compte de cette étape du travail. Une
tache secondaire permet aussi d’apprécier la disponibilité du pilote (B2) (B9).

Les études subjectives par questionnaires dirigés: mesures de la fatigue, de I'humeur, du sommeil (B4) (B7) (B10)
(B11), des difficultés de la tiche (B5) ou du travail avec des modes de présentation d’informations différentes (B6) (B9)
ou d’analyse des qualités de vol (BS) (B11) sont donc fréquemment utilisées.

(3) - L'action du pilote sur une commande, suivant une stratégie, fonction de I'expérience et de I’'entrainement,
pour atteindre I'objectif fixé, consistera le plus souvent, en une mesure de performances, identification des points
survolés (B2), précision du vol stationnaire (B4), écart par rapport a une trajectoire idéale ILS (BS), précision des
paramétres imposés du pilotage (B6), temps d’acquisition et précision de la poursuite de la cible sur divers modes de
présentation (B9).

En fonction de sa durée, le travail du pilote comporte:

une charge de travail a court terme, comprenant une phase de vol, par exemple atterrissage, décollage, approche
(B3), (B4) et (BS), tir d’engins (B9) . . .

une charge de travail 4 moyen ou long terme, provoquée par la répétition des phases de vol, avec un seul vol ou
répétition des vols sur une journée ou période de travail plus longue, mettant en jeu rythme veille~ssommeil, décallages
horaires . . . (B4), (B7) et (B10).

Les diverses communications étant placées dans leur contexte, nous pouvons maintenant en faire 'analyse et le
résumé.

Analyse et Resume des Communications

B-1, Rotondo analyse les paramétres physiques et physiologiques de la charge de travail des pilotes d’hélicoptére.
Il attire "attention sur les aspecs liés d I'environnement particulier de I'hélicoptére (vibrations, bruits) et sur les facteurs
psychoémotionnels de certains vols d’hélicoptére qui déterminent une fatigue aussi importante que sur les avions de
combat.

B-2, Sanders et col. décrivent le travail visuel du copilote navigateur lors des vols basse altitude en hélicoptére. Les
mouvements oculaires enregistrés par un collimateur NAC permettent de connaitre le temps passé a regarder a
I'intérieur (instruments du cockpit), a regarder a I'extérieur de I'habitacle (repéres extérieurs) et a lire la carte. Une
tache secondaire visuelle apprécie le temps libre disponible au cours de la mission

B-3, Lovesey enregistre en vol I'activité des mains et de la téte du pilote lors de vols a basse altitude en hélicoptére.
Sa technique de prises de vue, n'interfére pas avec le travail du pilote. Elle montre que I'activité du pilote est d’autant
plus importante que le vol a lieu plus prés du sol.
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Dans cette situation particuliérement délicate, évitement des obstacles, des lignes a haute tension, des arbres, des
positions ennemies . . . 1/3 du temps est passé a regarder dans la cabine, carte, instrument, radio . . . !!! Ce travail
déja marginal, au plan de la sécurité, a cause de la mauvaise conception ergonomique de la cabine est aggravé par le
port d’équipements de vol spéciaux (combinaison de protection, guerre chimique, par exemple).

B-4, Lees et col. apprécient la précision de la performance des pilotes d’hélicoptéres lors des vols de longue durée
avec et sans déprivation de sommeil par une mesure de performance (précision du vol stationnaire) et par des mesures
subjectives de fatigue a I'aide de questionnaires.

B-5, Vettes au cours d’approches L.L.S. de difficulté croissante sur hélicoptére n'a pas réussi a obtenir de corrélations
entre les variations de la fréquence cardiaque et les impressions subjectives des pilotes quantifiées par une échelle du
type Cooper-Harper.

B-6, Beyer a rappelé I'influence de la présentation des informations sur la charge de travail dans deux conditions
expérimentales trés différentes sur hélicoptére:

Comparaison de 2 “*Head up display™ sur 15 pilotes pendant un petit nombre de vols a I'aide de questionnaires.

Comparaison entre “‘Head down display” sur écran T.V. et pilotage a vue par des mesures de performance et avis
subjectifs de 2 utilisateurs pendant un grand nombre de vols.

B-7, Hartman et col., au cours de déploiements transocéaniques sur avions de combat, déterminent la fatigue et
le stress des équipages a I'aide d’une batterie de mesures comportant: échelle subjective de fatigue, échelle subjective
d’aptitude a remplir la mission, temps de sommeil, analyse biochimique des urines. Méme, a I'issue de la fatigue importante
faisant suite a ces vols, la récupération est pratiquement totale aprés une nuit de sommeil.

B-8 — B-9, Wegmann et col., ainsi que Manville, absents, excusés, n’ont pu présenter leurs communications
respectivement intitulées:

~9

“Cout endocrinien et métabolique de pilotage sur F.104.G”.

“Un nouveau systéme de visée tir air-sol apportant une meilleure précision et une charge de travail moindre”.

B-10, Brictson, cherche a mieux connaitre la performance et I'efficacité des pilotes lors des appontages de nuit sur
porte-avions au cours de campagnes opérationnelles prolongées en les reliant a 'appréciation de 1’état psychotemporel des
pilotes (sommeil, humeur, heures de vol, expérience acquise). La méthodologie employée permettrait de fournir une
bonne prédiction de la performance lors des missions opérationnelles.

B-11, Steininger apprécie les qualités de vol d’un avion de transport court courrier et la charge de travail des
pilotes a I'aide d'un questionnaire (82 questions) et d’interview.

B-12, Goerres, évalue subjectivement les divers éléments de la charge de travail des différentes catégories de
pilotes par un important questionnaire de 170 questions posées a 217 pilotes de la G.A.F.

Conclusions et Recommandations

Au cours de ce symposium, les difficultés de mesures quantitatives de la charge de travail et 'impossibilité de la
performance lors de charges de travail importantes et de longue durée sont apparues. Au plan opérationnel, il faut
cependant noter que la récupération d’une seule nuit apporte restitution presque compléte des possibilités humaines (B7).
Devant I'absence de solution globale du probléme il convient de mettre en oeuvre une batterie de tests ou du moins
d’associer i toute étude subjective, une méthode objective (mesure de la performance) afin d’essayer de trouver des
corrélations.

Un certain nombre de principes et recommandations se dégagent de 'ensemble des communications:

limiter I'emploi des méthodes qui risquent d’interférer avec le travail des pilotes et de modifier sa performance
par la géne qu’elles apportent: limites de I'utilisation des oculométres actuellement sur le marché (utilisation douloureuse
aprés 10 minutes).

Choix des méthodes déja bien étalonnées et couramment utilisées par les laboratoires qui les mettent en oeuvre;
ceci est particuliérement vrai pour les méthodes psychométriques, physiologiques, biochimiques qui ne donnent de bons
résultats qu’entre les mains d’expérimentateurs spécialisés.

Nécessité pour I'expérimentateur responsable des études de se rendre “sur le terrain’ pour connaitre les conditions
opérationnelles réelles.

Limites des corrélations entre les diverses méthodes proposées.

ix
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11 convient cependant de noter I'intérét primordial de certaines méthodes au cours de situations opérationnelles
particuliéres:

lors des vols Basse altitude sur hélicoptére: Prises de vue du travail du pilote effectuées par un expérimentateur
placé i coté du pilote lors des vols d basse altitude sur hélicoptére;

lors des vols de longue durée: méthodes biochimiques, étude du sommeil et de I'’humeur par questionnaire;

Pour les comparaisons d'instruments et de présentation d'informations: mesure de performances et questionnaires
dirigés.




TECHNICAL EVALUATION REPORT
by

R.Auffret
Médecin-Chef du Centre D'Essais en Vol
et du Laboratoire de Médecine Aérospatiale
91220 Bretigny-sur-Grge
France

The technical evaluation report will be in three paits:

Presentation of the contributions by placing them in the context of the “Studies of the work-load of the pilot™.
Analysis and summary of the contributions.

Conclusions and recommendations.

Presentation of the Contributions

The work of the pilot can be summarised in three typical actions:

(1) Acquisition of data necessary for flying the aircraft and accomplishing the mission. The best assessment of
this 1s the measurement of the information from the aircraft system which “enters” into the pilot. These inputs are
predominantly visual, hence the value of the measurement of ocular movements with the oculometer (B2) or of the
movements of the head by means of a film (B3).

(2) Analysis of the situation by the pilot from information acquired. The modifications undergone at pilot
level beiween the “inputs™ and the “outputs” (generally action on a control) can give an estimate of this action, ror
example, transfer function. Similarly, the study of physiological variables, cardiac rate (BS), of endocrinal and metabolic
changes (B7) (B8) can provide an account of this stage of the work. A secondary task also enables the availability of the
pilot to be assessed (B2) (B9).

The subjective studies by orientated questionnaire: measurements of fatigue, humour, sleep (B4) (B7) (B10) (B11),
the difficulties of the task (B5) or of the work with different modes of information display (B6) (B9) or analysis of
flight quality are therefore frequently used.

(3) The action of a pilot on a control, according to a strategy, function of experience and training, to attain
the fixed aim, wiil usually consist in a measurement of performance, identification of the points overflown (B2),
accuracy of hovering flight (B4), deviation from an ideal ILS flight path (BS5), accuracy of the parameters set by the
flying (B6), acquisition time and accuracy of tracking of the target on different modes of display (B9).

In terms of its duration the work of the pilot comprises:

a short term work-load, comprising a flight phase, for example, landing, take-off, approach (B3) (B4) and (BS),
missile firing (B9) . . .

a moderate or long term work-load, caused by repetition of the flight phases, with a single flight or repeat of

flights over a day or longer working period, setting into action a watchful-drowsiness rhythm, time-shifts . . . (B4),
(B7) and (B10).

The various papers being placed in their context we can now summarise and analyse them.

Analysis and Summary of the Communications

B-1, Rotondo analyses the physical and physiological work-load of helicopter pilots. He draws attention to the
aspects connected with the particular environment of helicopters (vibration, noise) and to the psycho-emotional factors
of some helicopter flights which result in fatigue as great as in combat aircraft.

B-2, Sanders et al. describe the visual work of the navigator copilot in helicopter low altitude flight. The ocular
movements recorded by an NAC collimator enabling knowledge to be obtained of the time spent in looking inside
(cockpit instruments) and outside the cockpit (external reference points) and in reading the map. A secondary visual
task assesses the free time available during the mission.

B-3, Lovesey records in flight the activity of the hands and head of the pilot in helicopter fow altitude flight. His

technique of photographing does not interfere with the work of the pilot. It shows that the activity of the pilot is the
greater as the flight is nearer the ground.
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In this particularly tricky situation, avoiding obstacles, high voltage lines, trees, enemy positions . . . 1/3 of the time
1s spent looking in the cabin, map, instruments, radio . . .! This work, already marginal in respect of safety, because of
the poor ergonomic design of the cabin, is aggravated by the carriage of special flight equipment (combination of
protection, chemical warfare, for example)

B4, Lec . et al. assess the accuracy of the performance of helicopter pilots in long duration flights, with and
without deprivation of sleep, by a performance measurement (accuracy of hovering flight) and by subjective fatigue
measurements by questionnaires.

B-5, Vettes, during ILS approaches of increasing difficulty in a helicopter, did not succeed in obtaining correlations
between the variations of cardiac rate and the subjective impressions of pilots quantified by a scale of the Cooper-Harman
type.

B-6, Beyer recalled the influence of the information display on work-load in two very different experimental
conditions in helicopters:

Comparison of two ““Head up displays” on 15 pilots during a small number of flights, by using questionnaires.

Comparison between “Head down display™ on TV screen and visual flying, by measurements of performance and
subjective opinions of two users during a large number of flights.

B-7, Hartman et al. during trans-oceanic deployment in combat aircraft determine the fatigue and stress of crews by
means of a battery of measurements, including: subjective fatigue scale, subjective scale of aptitude in fufilling the
mission, sleep time, biochemical analysis of urine. Even after considerable fatigue following these flights recovery is
practically complete after a night of sleep.

B-8, B-9, Wegmann et al. and also Manville, with apologies for absence, were unable to present their papers,
entitled:

— Endocrinal and metabolic cost of flying on F.104 Gs.
~ A new system of air to ground firing aiming giving better accuracy and a lower work-load.

B-10, Bricton seeks better knowledge of the performance and efficiency of pilots in night deck-landings on aircraft
carriers during prolonged operational campaigns by relating them to the assessment of the psychotemporal state of
pilots (sleep, humour, flight hours, acquired experience). The methodology employed should enable a good prediction
to be obtained of performance in operational missions.

B-11, Steininger assesses the flight qualities of a short haul transport aircraft and the work-load of the pilots by a
large questionnaire of 170 questions put to 217 pilots of the GAF.

Conclusions and Recommendations

During this symposium, the difficulties of quantitative measurement of the work-load and the impossibility of
predicting the decrement of performance with considerable work-loads and those of long duration have been revealed.
At the operational level it must, however, be noted that recuperation in a single night brings almost full recovery of the
human capabilities (B7). In the absence of an overall solution to the problem it is necessary to employ a battery of tests,
or at least to associate with every subjective study an objective method (performance measurement) in an attempt to find
correlations.

A number of principles and recommendations emerge from these communications:

- to limit the use of methods which risk interfering with the work of the pilot and change his performance by the
trouble they cause: limits of the use of the oculometers at present on the market (use painful after 10 minutes).

- choice of methods already well calibrated and currently used by the laboratories which implement them; this is
particularly true for the psychometric, physiological and biochemical methods which give good results only in the hands
of specialised investigators.

- Necessity for the investigator to be personally on the spot to know the actual operational conditions.

~ Limits of correlations between the various methods proposed.

It is necessary, however, to note the prime importance of some methods in special operational situations:

- In helicopter low altitude flights: Photographs of the work of the pilot taken by an investigator at the side of the
pilot during helicopter low altitude flights;

~ In flights of long duration: Biochemical methods, studies of sleep and of humour by a questionnaire;

- For comparisons of instruments and information displays: measurements of performance and selectively
orientated questionnaires.

xii
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WORKLOAD AND OPERATIONAL FATIGUE IN HELICOPTER PILOTS
by

Brig.G.n-Prof.GlO‘tlno RUI‘ONDO, IAF (l.c.)
Italian Air Force Medical Service H.Q.
Via P.Gobetti 2 - 00185 ROME - ITALY

SUMMRY.

After a rapid review - in the light of modern aetiopathogenetic views - of the
possible causes of the operational fatigue to whioch air crews generally become subject
during the performance of their flying dutieas, the suthor describes and analyzes in
greater detail the nature and the entity of the various stressing factors that constitute
the physical and psychic workload of the modern helicopter pilot in the ocarrying out of
his professional activity.

As regards this particular sector of flying, the author then proceeds to make an
analytical examination of the influence that the various traumatic and fatiguing effects
of the vibrations, the noises and the psycho-emotive and psycho-sensorial factors con=
nected with the multiplicity and the dangers of this modern means of air transport - nowa
days in constant technical evolution and employed in ever wider fields -~ exert, both sin
gly and jointly, on the genesis of flying fatigue in helicopter pilots.

On the basis of this analytical survey it is possible to conclude that the piloting
of helicopters involves a psycho-physical workload that is certainly not inferior to the
one experienced by the pilots of faster and more powerful aircraft.

PRELIMINARY REMARKS, DEFINITION AND AETIOPATHQGENESIS OF PILOT PATIGUE.

It is a well known faot that flying activities, here understood as a "vital" acti=
vity rather than a technical and operational one, subject the organism of the pilot to
both physical and psychic stress as a result of the performance of a type of work that
has the special characteristic of having to be carried out in partiocular coenesthetic and
environmental conditions, of involving a high degree of psychological tenrion and a consi
derable and prolonged concentration of the pilot's attention, and of being accompanied by
a particular emotional state.

Just as in the case of any other type of working activity, all this may give rise to
a state of fatigue that, in the special terminology used in aerospace medicine, ts common
ly known as "pilot fatigue"”, "flying fatigue™, or "operational fatigue".

Since the term "fatigue" is generally understood (FRYER, 1971,6) to refer to a state
of decrease and deterioration of nervous, miscular or sensorial activity due to a prolong-
ed and recent stimulation and activity, the whole associated with a diminished capacity
for physical or mental work and an unpleasant feeling of tiredness as a result of physio
logical exhaustion, boredom, loss of motivation or emotional factors, the particular case
cf "pilot fatigue™ may be defined as the state in which, as a result of either a prolonged
or an intense flying activity, there occurs a deterioration of the pilot's performance :

a deterioration that involves an inorease of the energy cost or the effort needed to at=
tain a given level of efficiency, and acoompanied by a typical and subjective feeling of
tiredness, loss of energy, mental inertia, tension, irritability, with a consequent desire
to interrupt the flying activity. The precise schems of these effects, in turn, depends
on the pilot's motivation and also on whether his work is predominantly of a physical or
a mental nature.

In the specific case of flying fatigue, in fact, it is possible to identify a number
of different components ¢
a) @ physical component, the result of motorial, perceptive or neuromiscular work ;

b) e psychic component, the result of mental work and prolonged psychic tension, and lastly

¢) an emotive component, the result of exposure to the repeated and intense emotions that
are inevitably connected with the performance of an activity that continuously places
the physical ego in peril and with the abnormal coenesthetic stimulations of the extern
el and the internal environment, stimnlations that are often excessive in intensity,
kind and duration.

We therefore have a mltitude of different factors that, either singly or in associa
tion, may constitute the causes of fatigue during the carrying out of flying and, as a
result of the repetition and summation of their effects in time, contribute to bringing
about a oonsiderable workload and a certain physiopsychic exhaustion of the pilot.

Leaving aside a number of factors that, although tuey undoubtedly aggravate fatigue,
are common to other types of activity and not therefore exclusively associated with flying,
inoluding inadequate nourishment, insufficient rest or lack of sleep, worries associated
with family, career or money, abuse of alcohol, tobacco or other stimulants, etc., the
following stimulations may be recalled as being exclusively due to the flying activity
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and of a particularly fatiguing nature : the effects of variations of altitude and be
rometric pressure during high-level flights ; the effects of accelerations during high-
speed or acrobatic flying ; the effects of accustic and non-acoustic vibrations, of
light rediations, of changes of temperature and variations of the weather conditions,

of air sickness, etc.; but more than anything else, as has already been suggested, the
continuous psychic tension involved in the management of the airoraft and the performance
of the aeronautical navigation even in normal conditions, associated with the frequent
and intense emotional states that occur during any flight, and all the more so during
specially demanding and diffiocult flights, act as psychic microtraumss and can therefore
alter the affective equilibrium of the pilot and provoke a paychic exhaustion in the
true sense of the word, with possible somatopsychic manifestations and consequent reper
cussions of a neurovegetative and sometimes even a neuroendocrine nature.

As regards, more particularly, the actual location of the fatigue phenomenon, one
has to bear in mind (ROTONDO, 1969,31) that a preponderant part of the work involved in
piloting an aircraft, just as in any other similar activity (driving a racing car, for
example), makes demands on the central nervous system of the pilot.

In actual practice, indeed, the riloting of an aircraft (or of any other high-speed
vehicle) is the result of a series of conditioned reflexes and acts that have become sub-
stantially automated ; <the engrammes of these acts and reflexes were formed during ap=
prenticeship and training, and they must be regarded as located in the highest segments
of the central nervous system, especially in the cerebral ocortex.

On the other hand, the expletion of these conditioned reflexes also calls for a
considerable degree of coordination and readiness of the lower parts of the nervous sys-
tem, i.e. at the level of the efferent nerves governing motorial activity, and requires
the entire skeletric musculature to be in good working order.

In the case of the piloting of an airoraft, however, it is not possible to speak
of muscular fatigue in the true sense of the word, since this phenomenon (except in par
ticular and in any case exceptional situations) is not normally very pronounced in a
pilot or, at least, does not involve large masses of muscles ; in such cases it would
therefore be more proper to speak of a neuro-muscular fatigue, that may at least in part
be caused by the obligatory tone that the entire skeletric musculature is forced to as=
sume during the prolonged and more or less complete immobility associated with the ri
lot's position in the cockpit seat and the consequent state of tension that characterizes
a goodly part of the motorial nerves for the entire lenght between their spinal origins
and their peripheral terminations at the level of the neuromuscular synapses.

But a good part of the operational fatigue of airoraft pilots may be due not only
to neuro-muscular fatigue but also and even more so to a nervous fatigue in the true sen
se of the word, a fatigue that would seem to consist of a functional depression of the
cortical activity, this latter, in turn, brought about by the functional exhaustion of
the neurons of the cerebral cortex ; these neurons, indeed, have to accomodate the pas
sage of the numerous pulses required to keep the cerebral activity constantly alert and
vigil and to adapt it to the multiple and complex functional demands connected with the
management and control of the aircraft. Alternately, this fatigue could be interpreted
as the consequence of a state of supertension of the neurons themselves, which are over-
loaded by the numerous stimuii of a psychic and emotional nature that are characteristic
of as demanding an activity as the piloting of an aircraft,

In this latter case, in other words, we may be concerned not so much with a fatigue
of the sensorial and motorial functions in the physiological sense, but rather with a
psychic fatigue that comes into play as one of the prinocipal components of the socalled
nervous fatigue, whose other important components are represented - as has already been
pointed out - by mental fatigue (since the piloting of an airoraft calls for the inter-
vention of upper psychic processes and for a constant and prolonged commitment of the
pilot's attention, which leads to a prolonged psychic tension) and, above all, emotive
fatigue (as a result of the many emotional microtraumas which, in the long run, affect
the biological nucleus of affectivity.

These emotive factors could well be among the principal one's responsible for pilot
fatigue, not least because this very mechanism of emotion produces certain peripheral
Physiological effects that are undoubtedly to a substantial extent responsible for that
state of subjective suffering that is characteristic of fatigue, effeots that are due to
the action of these paychic and emotive pulses that act through the channels that run
from the cortex to the vegetative centres in the thalamus and the hypothalamus, producing
effects that may be attributed to excitation of the sympathetic and/or the parasympathetic,
depending on the partiocular predisposition of the individual, and sometimes also to a par
ticipation of the neuroendocrine system, first and foremost through an intervention of the
axis between the hypophysis and the suprarenal glands.
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ANALYSIS OF THE POSSIELE CAUSES OF OPERATIONAL FATIGUE IN HELICOPTER PILOTS.

Having summarily examined the nature and the probable physiopathogenetic causes of
flying fatigue in general, it seems to us that an interesting analytical inquiry would be
constituted by the study of the influence that each of the aforementioned fatiguing and
exhausting factors exerts on the genesis of operational fatigue in the particular case of
helicopter pilots, this especially in view of the altogether particular modalities of the
operational use of this type of flying vehicle that, on account of its outstanding versa
tility and handling characteristics, has recently been finding ever increasing employment
in both the military and the civil field.

In fact, given the multiplicity of employments that are made possible by this
exceptional manoeuverability, it is quite obvious that we are here concerned with an al
together particular and original flying vehicle, a means of transport whose continuous
evolution enables it to absolve an ever increasing number of taske ; these tasks range
from the normal transport of men and equipment to the transport and evacuation of sick
and wounded people, to employment for rescue operations at sea and in the mountains, to
use in warfare, and to a variety of employments in the civil field, agriculture, industry
and publicity being cases in point.

Seeing that we are here concerned with a modern and relatively recent means of trans
port that is less well known than the various types of fixed-wing aircraft, it may there
fore be interesting to analyze the possible causes of operational fatigue in helicopter
pilots and to try to identify the specific fatiguing factors that are inherent in the
carrying out of this particular type of flying activity.

A. Effects of Stresses and Stimli common to all types of flying.

First of all, as regards the effects of accelerations and variations of speed, alti
tude, pressure and temperature, air sickmess, etc., all of which exert a well known direct
and indirect influence on the genesis of flying fatigue in the case of the greater part
of conventional aircraft, and particularly those operated by jet engines, it 1s immedia
tely obvious that their influence must be much smaller in the case of helicopters : indeed
given the considerable limitations of speed, altitude and range to which this type of
vehicle is subject, it can perform only relatively limited and slow displacements in alti
tude, latitude and longitude.

However, some importance may attach, especially in hot climates, to the excessive
heating of the hoods and cabins of helicopters due to the vehicle being parked for a long
period of time in the open and therefore exposed to the sun in summertime (especially in
tropical regions) ; but the problem of overheating due to excessive exposure to the sun
is something that helicopters have in common with other types of aircraft.

But oonsiderable importance may attach to certain other factors that assume a spe
cial and altogether particular physiognomy when helicopters are used ; these include the

effects of vitrations and noise and the effects of psycho-emotive and psycho-sensorial
factors associated with flying this type of airborne vehicle.

B. Effects of Vibrations.

As regards the vibrations and the noises, we are concerned with an extremsly complex
problem that assumes particular importance in the case of helicopters ; indeed, the vi
bration phenomena may be said to be characteristic of helicopters, even though continuous
technical improvements are tending to produce a steedy reduction of their capaclty to
cause harm to the inmates of the helicopter.

As is known, the helicopter vibrations are characterized by a frequency that, depend
ing on the type, may range from 280 to 320 Hz and an amplitude that varies as a function
of the balancing of the rotor blade or, as this is normally put in technical language, the
proper tracking of the two halves of the rotor. This vibration is a vertical one and be
oomes more aocentuated when, as often happens, the two halves of the rotor are not in
perfect track. During helicopter flight, in fact, both the pilot and the passengers keep
moving their heads forward and backward, almost as if they were continuously nodding in
assent,

Although there exist many other viltrations of a cyclic type and various frequencies,
inocluding horigontal vibrations and the variable vibrations that depend on the relative
wind and the ground resonance, these vertical vibrations undoubdtedly remain the most im
portant ones as regards repercussions on the organisa of the pilot.

According to ocurrent terminology, however, one can distinguish several varieties
of vitrations produced by helicopters and characterigzed by the following definitions

a) Vertiocal, constant, one per rotor revolution : about six beats per second ; is felt
like a vertical "rebound” and manifests itself in perfect synchronism with each revo
lution of the rotor. The pilot and the passengers lift and drop in unison.

b) Lateral, one per revolution 1 similar to the vertiocal vibration, but with the diffe
rence that the pilot and the passengers lift and drop out of phase § <this phenomsnon
is more Jdvious when it is observed from the rearmost seats.
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o) Mixed, ome per revolution : this manifests itself intermittently, omoe per revolution,
but the individual beats may be irregularly spaced. Beats of a certain amplitude may
become superposed in a random manner on & vertiocal and costant vibtration, one per revo
lution. Sometimes the phenomenon is more obvious at the cruising power. It generally
ocours on the occasion of rapid manoeuvres and in turbtulent air ; indeed, it may be
confused with the presence of turbulence.

d) Two per revolution : about twelve per second, difficult to count ; they have approxi
mately the same frequency as a pneumatic hammer.

e) Six per revolution or at a high frequenoy : impossible to count. These vibtrations as
sume the oharacter of a “Muzz",

£) Oscillations of the rotor shaft : about three per second or one every two revolutions.
This type of motion recalls that of a rocking chair ; it generally ooccurs during an
ascent or when flying at high power. It may be unwittingly induced by the pilot, i.e.
when he causes slight to and fro motions of the control stick. In such cases it is
best to inorease the friction of the control stick in order to minimize the effects
of the impacts caused by the pilot.

When studying the effects of the vibrations and their influence on the genesis of
flying fatigue in helicopter pilots, one also has to bear in mind that, both in helicopters
and other types of aircraft, the persons transported are not only subjected to the vibra=
tiona caused by the motive force that is transmitted to the passengers together with the
secondary vibrations produced by the surrounding structures.

During flights through zones of perturbed atmosphere, for example, troublesome vi=
brations of veriable frequency and amplitude may be provoked by local differences in the
density and the temperature of the air. Every time the helicopter crosses such a zone,
it suffers an impact that modifies its speed and may also cause it to be thrown consider
ably off course in any direction. These impacts distinguish themselves from the ones
caused by the vibrations connected with the structure of the helicopter by virtue of the
fact that they are of short duration, irregular, and intense. Their violence increases
in denser air, i.e. close to the ground, and also in bad weather conditions.

As is known, the ultimate effect of prolonged and repeated exposure to vibrations
of various frequencies and amplitudes may take the form of a wide range of disturbances
that consist essentially of headache, buzzing ears, general discomfort, a feeling of
dumbtness and generalized asthenia, irritability, deterioration of the capacity to pay
attention and to concentrate and of the will power in general, reduced rapidity of the
reflexes, psychic depression, tiring of the eyes and ears : these disturbances, given
their intensity and their persistence throughout the duration of the flight, may well be
said to contribute in a decisive and preponderant manner to the genesis of operational
fatigue in helicopter pilots.

Particularly troublesome and fatiguing is the effect that the vibrations acting on
the whole body will eventually exert on the pilot's capacity of visual perception and,
more partiocularly, on his acuity of vision : the veil that drops in front of his eyes
as a result of the continuous vibrational motion of the helicopter will make it practic
ally impossible for him to read the panel instruments or the flying charts at frequencies
above about 15-20 Hz. It is well known that prolonged strain of the eyes leads inevitably
to general fatigue within a short period of time.

Particular practiocal interest may also attach to the effects exer:ad on the acuity
of vision by sinusoidal vibrations having a frequency of the order of 10 Hz and an ampli
tude in excess of 2.5 om, thie particularly during low-level flights, possibly in perturbed
atmospheric conditions. In fact, SIMONS and SCHMITZ demonstrated in 1958 that vibrations
of 2.5 and 3.5 Hz and values of the acceleration of the order of 0.17-0.30 g 1lead to a
10% reduction in visual acuity after 90 minutes. DRAZIN (1959, 5), likewise, demonstrated
experimentslly that vibrations of 2.7 om amplitude cause a 10% drop in the acuity of vi
sion when the frequency is 1 Hz, a 12% drop when the frequency reaches 2 Hz, while a fre
quency of 3} Hz leads to a 30% reduction ; further, with an amplitude of 5.5 om, the acuity
of vision is reduced by 12% at 1 Hz and by 20% at 2 Hz ; lastly, when the vibrations have
an amplitude of 11.25 om, the visual acuity diminishes by 15% at frequencies of 1 Hz, and
by 25% at frequencies of 1.5 Hz.

These results may also be valid for those cases in which the pilot subjected to vi
brations fixes his eyes on an immobile object at infinity (a distant reference point on
the horizon for example) ; on the other hand, if the objeot is fixed tut close to the
pilot (a dial on the instrument panel for example), the acuity of vision will become re
duced in a far more accentuated manner.

The motorial activity is also compromised by the action of the vibrations : in a
helicopter, indeed, it becomes particularly difficult to perform the small movements
nseded for the control operations, especially when the oscillations are intense, of va
riable strength, and make themselves felt at irregular intervals.

Very intense vibrations may also provoke chest pains of an anginoidal type, visceral
pains, and even oocasional diarrhea with discharges of blood. The slow oscillations cause
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a feeling of depression rather than disturbances in the true sense of the word. At basic
frequencies of less than 1 Hz and amplitudes of several feet one can observe numerous
cases of meteoropathy.

In addition to the phenomena of general fatigue and not feeling well, moreover, a
chronic exposure to vibration may - as is well known - cause arthritic phenomena in the
skeleton and, more particularly, the spine, associated with pains and reduction of the mo
tility of the various body segments.

The limits of tolerability of vibrations are less well defined than those of the to
lerability of centrifugal accelerations, and this mainly because the threshold values vary
greatly from one subject to another, and because there is no simple relationship between
tolerance and frequency. For example, at frequencies between 4 and 10 Hz +there is an
unusual sensitivity that can be attributed to the particular physical constitution of the
human body, which in this part of the spectrum is characterized by a series of resonances,
and to the fact that the vibrations of low frequency and great amplitude, which cause the
thoracic and abdominal viscera to enter into resonance, have repercussions on the various
body segments of the pilot and the members of the crew and can be responsible for syndromes
peculiar to flying that, even though they are as yet barely known, are nowadays observed
with increasing frequency.

At about 4.5 Hz, for example, the scapular arch and the upper part of the trunk
oscillate more strongly than the remaining parts of the trunk (GUIGNARD and IRVING, 1959,
12) ; the abdominal organs, on the other hand, seem to react more markedly at rather low
frequencies (COERMARN et al.,1960,4). Minor resonances in unidentified structures deform
the reaction curve of the organism at higher frequencies (HOWARD, 1967,13).

C. Effects of Noise.

The action on the auditory functions of the flying crew of the noises due to the

helicopter engines is aluost as disturbing and fatiguing as the effect of the vibrations.

Experimental studies have been carried out by various authors, particularly BURDI=
NAUD et al. (2), who in 1956 exposed unprotected probands to the noises of a Djinn heli=
copter for 20, 30, 60 and even 90 minutes, subsequently examining the modifications of the
acoustic threshold by avdicmetric means. They found that the resulting loss of hearing
presented the characteristics of a pure deafness and that about fifteen hours were required
before the disappearance of the loss of hearing caused by an exposure for thirty minutes.

METCALP and WITWER (1958,22) also highlighted the fact that, after two hours' flying
in a helicopter capable of generating noises having a frequency between 50 and 2200 Hz and
an average intensity of the order of 119 dB, the auditory threshold of their unprotected
probands was raised by an average of 22 dB and that this higher threshold persisted for
some 32 to 36 hours.

Another cause of discomfort and fatigue for the helicopter pilot deriving either
directly or indirectly from the engine noises is connected with the use of the radio equip
ment. Some disturbances are caused by the pilot's earphones or by similar devices built
into a protective helmet (excessive background noises, earphones not readily adjustable
to pilot's head, poor protection against noise, earphones that hinder the dispersion of
heat), others by the microphone (moisture sometimes condenses on the microphone). Even
the mere fact that the earphones have to be kept on the head for a long period of time may
give rise to a feeling of annoyance and local discomfort at the areas where the earphones
make contact with the head : in this latter case, however, the disturbances are of very
short duration and are readily remedied by removing the earphones or the helmet for a few
minutes.

No matter what the origin of the noise in the heliocopter (1), there can be no doubdbt
that prolonged, repeated and systematic exposure to the noises of these rotor-poworzd
flying vehicles, just like exposure to the noises of piston-engined or jet-engined
airoraft, will lead to auditory fatigue and thus exert a considerable influence on the
coming into being and the subsequent aggravation of general fatigue.

As regards their biologiocal effects, indeed, it has been known for a long time that
noises act in a particular manner on the human ear, provoking - according to the duration
and the intensity of the stimulation - states of adaptation, of auditory fatigue, of deaf
ness, as well as other general effects on the various apparatuses and the central and peri
pheral nervous systems.

Considering acoustic damage in the true sense of the word, when the noises attain a
certain intensity (of the order of 80 AB) and act for a certain length of time (at least

(1) It is well kmown that the global noise of a generic piston-engined aircraft depends
on the following constructional and functional characteristios : engine power, thrust,
number of propeller blades, speed of the propeller tips, number of H.P. per propeller
blade, etc.

(2) In the case of jJot airoraft partioular importance seems to attach to the sounds and

ultrasounds produced by the aerodynamig turbulence of the jetstream,and by the rottt*ou of
the turbine and the compressor blades (when the engine is equipped with a compressor
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12-16 hours), they at first produce a state of adaptation that consists of a raising of
the threshold of acoustio perception (T7S = Temporsry Threshold Shift) ; if the noise
persists, this threshold shift remains constant (ATTS = Asymptotioc TTS) and ocontinues at
this level even after the exposure to the noise has ceased ; 1if the cessation of the
noise exposure persists for a few days, however, the threshold value will return to its
normal level.

Pollowing repetition and prolongation of the exposure to the noise, on the other
hand, the initial state of adaptation may give way to auditory fatigue, which may be
defined as a diminution of the perceptive sensitivity due to a continuous stimulation of
the auditory apparatus, a diminution that persists for some time after the cessation of
the noise that has brought it about, but is then followed by a period of recovery, rather
rapid at firet, later markedly slower, poasibly even with interruptions or short reversals.
There is a clear correlation between fatigue and intensity of the stimulus, and this be=
comes particularly obvious above 60 dB ; an equally clear correlation exists between fa
tigue and the duration of the stimmlus.

Given exposure to even more intense noises, in excess of 90 4B say, a true acoustic
trauma may oocur, a state characterized by the fact that a true auditory scotoma appears
in the audiogramme. At frequencies in excess of 800 Hz, this scotoma has its maximum
extent half an octave below the stimulating frequency ; in the case of complex noises
the maximum occurs around a frequency of 4000 Hz, while in the case of noises of limited
frequency it may sometimes be found in a different frequency zone.

If the exposure to noise becomes habitual, subjects having a special predisposition
may, in the amwsence of adequate protection, reach an ultimate stage consisting of occupa
tional deafness in the true sense of the word ; 4in that case the TTS has become trans-
formed into a PTS (Permanent Threshold Shift) and we are concerned with an irreversible
form of acoustic damage.

The various periods of the coming into being of this permanent damage, i.e. total
latency, sub-total latency and manifest deafness, are influenced in their rate of evol=
ution by a variety of concurrent and ooncausal factors that may be either endogenous
(individual susceptibility, age, previous ear affections) or exogenous (intensity, fre=
quency and rhythm of the noise, and working conditions).

Apart from the local effects on the auditory apparatus, it is well known that noises
may also exert general actions on other apparatuses : on the central nervous system, for
example, with modifications of the chronaxia and the reflexes and the reaction times, va
riations of the circulation and the endocranic pressure, electroencephalographic anoma=
lies, and neuromiscular and psychic disturbances ; on the ciroulatory apparatus, with
veriations of the cardiac frequency and rhythm, of the arterial pressure, and electro-
cardiographic anomalies ; on the respiratory apparatus, with modifications of the rhythm
and the frequency of the breath, and sometimes with apnea, followed by polypnea ; on the
digestive apparatus, with variations of the secretion of saliva, the gastric motions and
secretions, the motor activity of the intestine, etec. (circulatory, respiratory and dige
stive gilturbonoo- that may all derive from hyperreflexivity of the orthosympathetic
system).

We have already mentioned the considerable influence that prolonged and repeated
exposure to airoraft noises in general, and therefore also to helicopter noises in partic
ular, may exert, through the establishment of a state of auditory fatigue, on the genesis
and evolution of flying fatigue.

According to COERMANN et al. (1960,4), the phenomenon of fatigue induced by noise
can, in fact, be explained as the final outoome of a victorious struggle of the noise
against the other pulses that reach the encephalus at the same time. ¥The greater concen
tration needed to capture these desirable pulses implies an excessive expenditure of
energy and leads rapidly to a nervous fatigue.

The observable manifestations of this nervous fatigue are the previously mentioned
neurologiocal phenomena that can be objectivized by means of exposure to noises similar to
those produced by airoraft ; these phenomena include the diminution of the chronaxia of
motor nerves (GRANDPIERRE and LEMAIRE, 1947,9), the lengthening of the "average time" of
simple reaction and the increase of the "average variation® of the reaction itself, i.e.
the number of errors and the inconstancy of the motorisl reaction (STROLLO and DEBARNOT,
1957,35), and lastly the attenuation of the patellar reflex (CAPORALE, 1959,3) 3 this
latter phenomenon, however, is not observed when the subjects exposed to the noise have
been protected by means of ear covers and can be interpreted as an exhaustion phenomenon
that is secondary to an earlier phase of nervous hyperexcitability.

Prom this one can deduce that the noises exert their fatiguing action on the nervous
system, which in the long run also becomes an exhausting action, primarily through the me
diation of the ear. Indeed, TIZZANO (1958,36) affirms in this connection that "the ear
is not a 0losed vessel that merely gathers and dissolves the noises it receives., Somewhat
similarly to a transformer, it converts the sound vibrations into neuron vibrations that
will transmit the perceived sensations to the brain®.
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D. Effects of Psycho-Emotive and Psycho-Sensorial Factors.

Having reviewed the particular influence that vibrations and noises can exert on
the genesis of operational fatigue in helicopter pilots and shown that they constitute
a substantial part of the physical stress to which the pilot's organism becomes subjected
during the exercise of his specific professional activity, it is not superfluous at this
point to recail that, given the gradual but continuous improvement of aircrafit and the
growing disproportion between the service demands made by the machines and the limited
possibilities offered by the human organism, we are nowadays witnessing an ever increag
ing incidence of psychic workload and in the piloting of an aircraft this may easily come
to outweigh the actual physical workload.

This matter has already been mentioned in the introductory remarks where, treating
the pathogenesis of flying fatigue, attention was drawn to the innumerable and multiform
demands that the continuous nervous, psychic and emotive stresses connected with the mana
gement of the aircraft and the performance of the aerial navigation make on the delicate
paychological and affective equilibrium of the pilot. It was also referred to when men
tion was made of the continuous psychic tension ; of the frequent and intense emotional
states that are involved in evey flight, even normal and not particularly difficult ones ;
of the considerable psychic commitment, involving especially the pilot's attention, called
for by the continuous vigilance and the monitoring of the numerous panel instruments, and
the need for instantaneously capturing and interpreting the sensorial data supplied by
these instruments, which, in a perfect sensorio-motorial organization, must be immediately
followed by motorial reactions that, in both time and space, are in perfect harmony with
the quality and quantity of the perceptive stimuli received.

But apart from the aforementioned psychic and emotive factors, all of which have al
ready been taken into consideration in connection with piloting any type of aircraft and
any ordinary condition of operative employment, the piloting of helicopters is also
subject to the intervention of other elements of a psychic nature that exert a fatiguing
effect and are connected with the particular employment to which this means of transport
is often put.

In fact, when the helicopter pilot is called upon to perform normal missions that
are equal to those of normal aircraft of similar weight and power, ordinary line flights
and the routine transport of injured people in normal conditions being cases in point,
there may be no substantial difference - ag far as fatigue is concerned - between
helicopter pilots and the pilots of ordinary fixed-wing aircraft ; in such cases, there
fore, our general knowledge of the operational fatigue of aircraft pilots retains its
validity. But when the helicopter is employed as such, i.e. in operations that involve
the transport or the placing of heavy suspended loads, in landing and take-off operations
at high altitudes in mountainous areas, in rescue and search operations involving the
over-flight of difficult and out-of-the-way terrain, or missions (no matter of what type)
carried out in adverse atmospheric conditions, etc., then the effort and the fatigue in
volved in the helicopter pilot's workload become truly considerable and can very easily
create the conditions that favour flying accidents ; indeed, accidents in this branch
of aviation are unfortunately still relatively frequent.

The more delicate and complex the mission in relation to the characteristics of the
ground (inhospitality of the terrain, in particular), the atmcspheric conditions and the
type of transport, the more the helicopter becomes exposed to the risk of an accident.

In this connection one only has to think of the frequency with which the helicopter,which
is considered to be an all-weather aircraft, is employed for low-level flights over inho-
spitable or wooded or mountainous land or over heavy seas : all of which are conditions
in which possible poor weather conditions, gquite apart from being in themselves potential
causes of accidents (gusts of wind, electric discharges, etc.), can greatly facilitate

- as & result of inadequate visibility - collisions with trees, pylons or overhead high-
tension wires, hilltops or mountains, etc.

When carrying out particularly difficult and delicate missions, therefore, the sub-
conscious of the helicopter pilot, just like and possibly even more than the subconscious
of the pilot of other aircraft of greater power and speed, feels the weight of a conti
nuous state of vigilant expectation and fear of danger, a tension that is by itself suf
ficient to wear out the psyche and which makes itself felt at the level of the conscious
partiocularly in those moments when the possibly violent emotions occasioned by the sudden
or unexpected arising of an internal or external emergency situation superpose themselves
on the pilot's consciousness.

To this general state of expectation of danger during a flight and during the ocarry
ing out of a mission one must also add the period of time that the crews spend on the
ground before taking off on a mission, often an altogether nerve-racking experience. This
waiting period involves a fatigue quite independent of flying activity in the proper sen
se of the word, and has to be taken into due account as a factor that undoubtedly exerts
a stressing and exhausting action.

Lastly, the particular type of employment reserved for helicopters involves frequent
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take-offs and landings, operations that are always demanding and fatiguing, especially
when they are performed in places that are far from suitable ss landing grounds. In some
cases the pilots also suffer from the fliokering light that is caused by the rotation of
the rotor blade.

Another problem to be taken into consideration is the one that arises, even during
flights in traditional types of aircraft, in oconnection with tho disorientation that the
pilot may ¢xperience whenever there is a confliot between his own sensorial evaluations
and the information supplied by the instruments, a conflict that may induce him - if his
critical faculty has not been sufficiently trained or if i% has been compromised by fati
gue - to commit manoeuvering errors due to failure to correct the trim of the aircraft
(or an instinctive but erroneous correction) in situations that call for manoeuvres
wholly uninfluenced by the pilot's instinots.

In the case of helicopters this problem of disorientation becomes far more serious
than in the case of treditional fixed-wing aircraft, because accelerations may occur si
mltaneously along all three of the aerodynamic axes of the vehicle : in these conditians
it is possibdble for the pilot to experience environments and situations that are ambiguous
from both the visual and the vestibular point of view.

The intersction of the sensorial informaticns frequently leads to conflicts in theee
situations, situations that can be resolved only by properly trained and updated pilots :
but the need for rapidly changing from visusl flying to instrumental flying, the existen
ce of isolated light sources during the night, as well as the continuous observation of
the panel instruments during certain vibration oycles, may supply sensorial reference da
ta that are incorrect from the visual point of view and thus permit other erroneous sen
sorial stimuli to arise.

CONCLUSIC' ",

Up to this point we have desoribed and analyzed the nature and the entity of the
various stressing and fatiguing factors that act on the organism and the psyche of pilots
in general, and helicopter pilots in particular. And - always within the limits compa
tible with a study of this type, in which many of the judgments and views may, at least
in part, be opinionatle - we have analytically examined the iegree of influence that %the
various biological, physical and psychic effects, both singly and jointly, exert on the
genesis of flying fatigue.

An analytical study of this type makes it abundantly obvious that, generally speak
ing, the exercise of the pilot's profession is underlain by a basic situation that in the
last resort permeates the whole of the pilot's activity and sxerts a multiplicity of re
flexes on the physique and the psyche of the pilot ; the fundamental characteristics of
this situation may be summarized in the following three points

1.- Flying involves the use of a machine that is required - unlike other machines -
to respect certain aerodynamic laws, and any infraction of these laws involves an
immediate risk of crash and accident. In the pilot's profession, therefore, more
80 than in any other human activity, life depends on the machin2 and its continuous
efficiency, a situation that in actual practice expresses itself in the form of a
permanent image of potential "vulnerability" undoubtedly present in the subconscious
of each and every pilot.

2.- The pilot's activity depends a greet deal on the spatial environment in which the
aircraft finds itself, on the three-dimensional displaceability and the rapid trans
lation of the aircraft and, indirectly, also on the various conditions that have re
percussions on the human organism (including accelerations, acoustic and non-acoustic
vibrations, equipment, sensorial stress, etc.), all of which constitute links in a
chain of factors that readily explain the wealth of interferences that act on the so
mato-psychic equilibrium and consequently also on the performance, the adaptability
and - in the long run - the fatigue of the individual.

3.~ Flying does not just represent a technical or operative activity, i.e. a job, but
rather - as MANGIACAPRA (1949,19) so adroitly put it - "a vital ectivity and an
'‘in toto' reaction of the ego to the environment".

On this basic substrate, which is already in itself potentially stressing and qua
litatively common to all pilots, quite irrespective of their specialization and the type
of aircraft they fly, there then act the interferences due to the various physical and
peychic factors - each of which plays a specific and individualizing part - that we have
above endeavoured to analyze and describe both in oonnection with airecraft in general and
the use of helicopters in particular.

One might add here that it would certainly be interesting and important if it were
possible to define the degree and the limits of this psychophysical workload by means of
scientific methods that are technically valid and acceptable, this not least with a view
to obtaining a differential assessment - in both qualitative and quantitative terms -
of the various flying specializations.
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In fact, numerous methods have from time to time been proposed and used for the
purpose of obtaining a measure of workload by means of a quantitative evaluation of the
functional modifications that fatigue can produce. As is known, these modifications may
consist of : an inorease of the duration and the inconstancy of the psychomotorial
reacotion times ; an increase of the latency time of the pupillar reflex ; a diminution
of the capacity for rapid binocular fueion ; an increase of the accomodation time for
near and distant vision ; a diminution of the critical frequency of fusion ("flicker
fusion®) (VOZZA, 1955,38 ; ERUGMAN, 1947, 16), and variations of other ophthalmic indices
(ANGIBOUST and PAPIN, 1976) ;3 modifications of the characters and the duration (total
reflex time, spinal delay, motor plaque's synaptic delay, motor and sensitive conduction
velocity, Renshaw's phenomenon) of the monosynaptic spinal reflexes produced, for example,
in the area of the sciatic nerve (GUALTIEROTTI, MARGARIA and SPINELLI, 1958,11) ; varia
tions of the duration of the central nervous time of the orbicular blinking reflex under
light stimulation, and the time needed for a complex mental process (total time T employed
for a series of mental operations, subdivided into the reading time L, the time M needed
for mental elaboration, and the writing time S : SPINELLI and CERRETELLI, 1961,34) ;
diminution of the muscular force and the muscular tone ; increased instability in neuro-
muscular coordination ; increased loss of electrolytes through cutaneous sweating ;
diminution of the volume of plasma in circulation ; variations in the urine elimination
of corticosteroids (GHINOZZI, 1951,7 ; ROTONDO, 1955,27) and cathecolamine (KLEPPING and
al.,1963,15, etc.); variations in the lactacidcmia, the glycemia, the cholesterolemia,
the ratio between alpha and heta lipoproteins, the number of the eosinophiles, and the
hematocrite count ; electrocardiographic variations, and variations in the response to
the Schneider test, the Flack test, and the cold pressure test ; variations in the
Ruffier and Dickson index of cardiac resistance (LE ROUX, 1960,17), in anthropometric
indices, etc.

Quite obviously, how2 er, all these methods lend themselves very readily to cri=
ticism : indeed, none of the results yielded by any of these methods are capable of be
ing interpreted in a unique manner, because the methods are indicators and measures of
functional modifications that are or can be considerably influenced by a wealth of other
factors, both endogenous and exogenous ones, including first and foremost the age of the
sub ject.

If therefore, in the light of the results of a detailed analytical study, one wanted
to make a comparative evaluation of the amount and the precocity of the stress and the
psycho-physical workload produced by the individual stressing factors connected with fly-
ing, one would have to admit that it is extremely difficult to find a precise differential
criterion that could be used to obtain a gquantitative graduation of this workload.

This is not only due to the fact that the subjective element, here understood as the
individuality and extreme variability of the response of a given proband to every type of
stimulus, has a predominant weight in thie particular activity, as indeed in every other
one, but also because the nature and the entity of the reaction to any type of stimulus
are in turn conditioned - as has already been shown - by numerous and extremely variable

individual, environmental and circumstantial factors.

But even 17 reference were to be made, more or less, to the average behaviour of the
average subject, one may say that if, on the one hand, the physico-psychic workload of
fighter pilots is to be considered to be of considerable entity, this on account of the
well known multiple stresses involved in high-speed flying, and if a far from negligible
workloed has to be borne by the pilots of transport, reconnaissance and rescue aircraft,
etc. (for whom particularly stressing and fatiguing factors from the psychic point of view
may be represented by the typical fluctuation of the state of vigilance, the boredom and
the monotony connected with the long duration of the flights (on account of the great
range of the aircraft), the effects of the general tiredness, and of the eyes in particu
lar, induced by the constant fixing of the eyes on the radar screens in an attempt to
identify the objects of the search, etc.), on the other hand there can be no doubt that
the entity of the physical and psychic stress to which helicopter pilots are subjected is,
once again, not by any means negligible.

These latter, in fact, no less than the others, are exposed to the particularly
traumatic and wearing action of the various factors that - as previously described = can
be identified first and foremost in the vibrations, the noises and the psycho-emotive fac
tors connected with the multiplicity and the dangers of the uses of this modern means of
air transport ; indeed, the permanent sense of potential danger that we have seen to per
meate in a more or less conscious manner the subconscious of air crews is inherent in the
use of helicopters and assumes particular intensity.

It is not therefore surprising to find that authoritative authors, including for
example HOFFMANN, STRUBEL, RAABE and KOCK (1969,13), after carrying out interesting exper
imental research work aimed at determining the different operational fatigue in helicopter
pilots and comparing the operational fatigue of helicopter pilots with that of pilots of
other aircraft, even faster and more powerful ones, have unanimously concluded that the
piloting of helicopters involves a psycho-physical workload and a fatigue that must be
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considered of an entity at least equivalent (and certainly not inferior) to the workload
and the fatigue to which pilots of other types of aircraft are subjected.

Por the purpose of preventing this fatigue, one must obviously consider valid, just
as in the case of other forms of operational fatigue in the various flying specializa=
tions, the adoption of the usual rules relating to hygiene, way of life, nourishment and,
above all, work (for example, appropriate gradual adaptation of the entity and the dura=
tionsof the exposure to flying stress to the age and the physical conditions of the indi
vidue), sdoption of a suitable roster of service and rest periods, etc.) ; moreover,
helicopter piluts must be given the benefit of a costant medical assistance and psycho-
physiological check-up that will gre t the immediate identification of even the early
signs of fatigue and reduced physiopsychic performance.

The putting into practice of such a programme, which naturally calls for a very
close and uncunditional collaboration between aerospage physicians, commanders of units
and the pilots themselves, would enable aerospace mediciagg to continue its irreplaceable
work aimed at safeguarding and maintaining the psychophysical efficiency of air crews
and, further, attaining an ever higher degree of flight safety as a result of the preven
tion of flying accidents, too many of which are still due to the human factor.
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SUMMARY

The emphasis on aviator workload has been of primary concern to the U.S. Army aviation community since
the incorporation of low altitude terrain flight techniques into the helicopter tactics repertory. Since
navigation is a particularly acute problem at low altitudes, this project examined the visual workload of
the navigator/copilot during terrain flight (nap-of-the-earth, contour and Tow level) in a UH-1H helicopter.
The navigator's task was to: (1) perform a map study of the prescribed course, (2) direct the pilot
during the flight as to the direction of flight, altitude and airspeed desired to traverse the course, and
(3) identify hover points and checkpoints along the route which were given to the navigator in terms of
six digit grid coordinates. Visual performance was measured via a modified NAC Eye Mark Recorder used in
conjunction with a LO-CAM high speed camera. This technique provided the means to objectively record and
analyze the navigator's visual performance through the examination of: (1) visual time inside the cockpit
on flight and engine instruments, (2) time inside the cockpit on the map or other navigation aids, and (3)
time outside the cockpit in various windscreen sectors.

A visual free time task (Strother, 1973) was utilized to determine the amount of visual time the
navigator had available, during flight over the prescribed course, for a nonflight related task. The data
indicate that the navigator's normal workload was demanding; the visuai free time task was utilized only
3% of the total time. The data also indicate that the duty of navigating required 92.2% of the copilot's
total visual time while the engine and flight instruments were utilized only 4% of the time. These data
are discussed in relation to the copilot's specified duties.

INTRODUCTION

The tactical requirement to conduct Army helicopter operations close to the earth has presented formid-
able navigation probiems to Army aviators. Aviators forced to maintain aircraft masking while proceeding
to enemy contact points, landing zones or MEDEVAC pick-up points, have the difficult task of determining
their position and navigating to and from these points with little aid in terms of salient landmarks and
terrain features. Further, this problem is considerably increased with the need for round-the-clock all
weather operations.

Pilot and copilot workload has increased significantly with utilization of tactical terrain flight
techniques. The increased workload experienced by the Army aircrew is due, in part, to the relative
perceptual speeds at which terrain is traversed and the subsequent short periods of time that navigational
cues remain in the visual field. Terrain flight consists of nap-of-the-earth (NOE), contour and low level
flight profiles. Taese flight profiles have been defined as:

NOE. Flight as close to the earth's surface as vegetation or obstacles will permit, while generally
following the contours of the earth, Airspeed and altitude are varied as influenced by the terrain,
weather, and enemy situation. The pilot preplans a broad corridor of operatiun based on known terrain
features which has a longitudinal axis pointing toward his objective. In flight, the pilot uses a weaving
and devious route within his planned corridor while remaining oriented along his general axis of movement
in order to take maximum advantage of the cover and concealment afforded by terrain, vegetation and man-
made fectures. By gaining cover and concealment from enemy detection, observation and fire power, nap-of-
the-earth flight exploits surprise and allows for evasive actions.

Contour. Flight of low altitude conforming generally and in close proximity to the contours of the
earth. This type of flight takes advantage of available cover and concealment in order to avoid observa-
tion or detection of the aircraft and/or its points of departure and landing. It is characterized by a
varying airspeed and a varying altitude as vegetation and obstacles dictate.

Low Level. Flight conducted at a selected altitude at which detection or observation of the aircraft
is avoided or minimized. The route is preselected and conforms generally to a straight line and a
constant airspeed and altitude. This method is best adapted to flights conducted over distances or
periods of time.

The additional workload imposed on the aircrew during terrain flight has necessitated a division of
duties. The pilot's primary responsibility during terrain flight has been the demanding task of maintaining
clearance of the aircraft from all man-made and terrain obstacles as well as directing the aircraft over
the desired route. The copilot, therefore, has assumed duties which entail, among other things: (1)
monitoring the map and navggaflon instruments as well as the terrain in an attempt to locate the significant
navigational cues needed for maintaining the correct fiight path, (2) monitoring the helicopter engine
instruments and other flight instruments, (3) tuning the radios, (4) orally providing navigational
information to the pilot that will allow him to maintain the appropriate flight path, and ?S) helping
the pilot locate and avoid potertially hazardous terrain obstacles.

Workload has been defined as "the sum of the task demands which can be clearly specified, plus the
operator's response (and effort) to satisfy these demands" (Gerathewohl, 1976). Pilot or navigator
workload can be evaluated directly in terms of activity or effort on a primary task or indirectly by




B2-2

examining reserve capacity or time available for the parformance of a secondary task (Gerathewohl, 1976;
and 0'Donnell, 1976). One specific approach for workload examination is in terms of visual demands upon
the navigator (in this study) and the distribution of his visual time.

Previous studies (Senders, 1973; Jones, Milton, and Fitts, 1946) have suggested that "frequency of
eye fixation on any given instrument is an indication of the relative importance of that instrument.
The length of the fixations, on the contrary, may more properly be considered as an indication of the
relative difficulty of checking and interpreting particular instruments."

Recent research (Strother, 1974) has identified the visual workload problems encountered by the
pilot during straight and level flight at varying altitudes. This research demonstrated that "the
duration and frequency of visual scan intervals change between NOE and 300 feet of altitude and that
below 100 feet, any demands on the pilot's time can only be of the simplest type unless he is unburdened
from his visual tasks."

Since the duties and responsibilities of the copilot have increased a great deal in a very short
time frame, the objective of the current research project was to examine the existing visual workload
(oculomotor performance) of the navigator/copilot during terrain flight.

METHOD

Subjects. Subjects participating in the investigation were ten recent graduates of the U.S. Army
Inital Entry Rotary Wing flight training program of instruction at Fort Rucker, Alabama. These pilots
had recent training in navigation during terrain flight and an average of 287 total flight hours. All
participants had at least 115 hours of flight experience in the UH-1H helicopter.

Apparatus. Oculomotor performance was recorded via a modified NAC Eye Mark Recorder used in conjunction
with a 16mm LOCAM high speed motion picture camera. Through the utilization of the NAC Eye Mark Recorder,
the aviator's viewing point was detected by means of an illuminated reticle reflected off the cornea of
the eye. The optically focused reticle, reflected from the cornea, was suparimposed upon a primary
image with a field of view of 43.5° vertical and 60° horizontal. Figures 1 and 2 show a subject aviator
wearing the modified Eye Mark Recorder. One can also see the fiber optic bundle connecting the Eye Mark
Recorder to the LOCAM 16mm camera, which is attached to the pilot's seat. A detailed description of the
Eye Mark Recorder and scoring techniques utilized can be found in USAARL Report 74-7 and Simmons (1977).

The test vehicle was a JUH-1H helicopter.

’.

Figure 1. Aviator Wearing the Modified NAC Figure 2. Copilot Prepared for Flight in the UH-1H
Eye Mark Recorder Helicopter

The visual free time task utilized consisted of a 5X7 card containing random monosyllabic words
(reference Figure 3). The card was berdered in black and had a white background with black letters.
The card was sprayed with a glare reducing compound and mounted on the UH-1H instrument panel directly
below the vertical velocity indicator. The average distance from the subject's eyes to the visual free
time task card was 87 centimeters (reference Table 1 for cockpit measurement data).

The maps utilized were standard 1:50,000 scale, with white background, of the Geneva (Stock No.
V744%38463) and Hartford (Stock No. V744X38462), Alabama area. A 255 square kilometer portion of the
maps around the Highfalls stagefield was prepared for use by the participants.

The navigation course, approximately 19 kilometers long, was marked on the map (reference Figure 4).
The participants were given six digit grid coordinates of five phase points/checkpoints plus the initial
point (IP) of the navigation course. These points were to be identified on the map by the subject
during his map study and reported upon passage curing flight over the course. The subjects were also
given a list containing six digit grid coordinates of five hover points located along the navigation
course. These points were utilized to represent landing points, such as equipment or personnel pick up
points, in an operational setting.

Procedure. The participants were first given a briefing concerning the general nature of the project
and their role in the project. The subjects were provided the map similar to the one shown in Figure 4
(excluding the location of the checkpoints and hover points) and the 1ist of phase/checkpoints and hover
points. The participants were told that they were to act as navigator or copilot and that a USAARL
pilot would act as first pilot or aircraft commander during the flight. The participants were able to
perform a map study for the rest of that day and reported to the aircraft the next day prepared to fly.
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Figure 3. Visual Free Time Task Roar 106.99 77.59 88.77

NAVIGATION COURSE__ SCALE 1:50,000
IP-INITIAL POINT CONTOUR INTERVAL-20 FEET
RP-RELEASE POINT 1,2,3,4,5.CHECK POINTS

A.B.C.DE-HOVER POINTS

Figure 4. Navigation Course Utilized in the Investigation

Immediateiy before flight, the subjects were again informed that they were to act as copilot/navigator
and to perform all duties associated with that position. The UH-1H Tactics Flight Training Guide (March
1975), which identifies the pilot and copilot’'s in-flight duties, was given to the subjects to refresh
their memory as to the exact functions expected of them during the flight. The participants were told
that their responsibility for the flight was to direct the pilot to fly along the course identified on
the maps provided. They were responsible for keeping the pilot informed so that he could fly the aircraft
as close to the course as possible.

The following VFT task instructions, which are similar to the Strother (1974) study, were also given
to the subjects: "During the course of the flight, when you feel that it is not necessary to look inside
or outside the helicopter in performance of your navigation duties, read the words located on the card
mounted on the instrument panel. Start reading at any word and it is not necessary to pick up where you
stopped before. Read aloud as many words as you feel you have time for and then stop reading and return
to your normal duties."

The NAC Eye Mark Recorder was fitted and calibrated on the subject inside the USAARL research facility
followed by a recalibration of the device after the subject was seated and prepared for flight in the
left front seat of the UH-1H aircraft. From takeoff to completion of the course, subjects were completely
responsible for the flight path of the helicopter with the USAARL pilot changing heading, airspeed and
altitude in response to their directions. The subjects were instructed to report the passage of the
five phase/checkpoints. Subjects were also responsible for identifying the five hover points and directing
the pilots to hover at these points.
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RESULTS AND DISCUSSION

For scoring purposes, the visual performance data were divided into ten visual areas of interest.
These areas are schematically presented in Figure 5. The copilot's instrument panel was divided into
functional groups of instruments, e.g., navigation instruments (the RMI and magnetic compass) engine
instruments, etc. The copilot's windscreen was originally divided into four quadrants, but these areas
were consolidated into one visual area for data interpretation purposes.

Flight Instruments

Engine Instrument Cluster
Navigation Instruments
Warning Lights

. Other Visual Areas

1. Copilot's Windscreen
2. Hand-held Map

2 3. Right Windscreen & Right
4

Side Door Window

OWONO

. Copilot's Side Door Window 1
5. Visual Free Time Task

Figure 5. Schematic of UH-1 Visual Areas

Tables 2 through 7 show the summary of the visual data for each of the segments in the navigation
course for all subjects whose data were scorable. Segments of data were lost on some subjects as a
function of camera malfunctions and film exposure problems due to the fact that the NAC Eye Mark Recorder
system does not have an automatic T-stop adjustment capability. However, the data remaining reflect
accurately the visual performance exhibited during navigation.

TABLE 2 TABLE 3
VISUAL PERFORMANCE SUMMARY DATA FOR V)
A e % Ko o B
IP TO HOVER POINT A HOVER POINT A TO HOVER POINT
Total Time Percent of Total Number Mean Time
Visl Ares i Seconds Total Time of Exits/Win. inAres Vi) Arss  necomds TotalTiee of faiteMie. tnAres
Copilot's Copilot'
Windscreen 792.28 0.524 14.04 2.2 ﬂ:m:n:n 1073.38 0.4%0 12.96 .27
Handheld Map 424.8) 0.28) 10.26 1.63 Handheld Map 752,04 0.344 11.16 1.84
Right Windscreen & Right Windscreen §
Right Stide Door 110.19 0.073 348 1.24 I|$l Side Door 103.54 0.047 2.58 1.07
Window Window i ; i
Coptlot's Side 1lot's Side
Door Window 106.21 0.070 2.58 1.61 C“r Window 87.57 0.040 1.68 .4
Visual Free Visual Free
Time Task 14.06 0.009 0.24 2.00 Time Task 42.95 0.019 0.4 29
Flight Instruments 18.72 0.012 0.72 0.9 Flight Instruments 64.95 0.029 0.36 1.38
Engine Instrument Engine Instrument
Cluster 11.6) 0.007 0.54 0.77 Cluster 37.% 0.017 0.72 1.40
Navigation Navigation
Instruments 15.61 0.010 0.90 0.65 Instruments n.a 0.005 0.3 0.8
Marning Lights N 0.006 0.30 1.03 Warning Lights 4.8 0.002 0.12 0.96
Other Visual Aress 10.33 . 006 0.36 1.03 Other Visual Aress 4.5 0.002 0.18 0.56

Some of the key items of interest in Tables 2 through 7 are the mean dwell time figures representing
the average period of visual contact with the area and percentage of total time of the segment spent in
each of the visual areas.
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TABLE 4 TABLE §
VISUAL PERFORMANCE SUMMARY DATA FOR VISUAL PERFORMANCE SUMMARY DATA FOR
SEGMENT THREE OF THE NAVIGATION COURSE SEGMENT FOUR OF THE NAVIGATION COURSE
MOVER POINT B TO MOVER POINT C HOVER POINT C TO HOVER POINT D
Total Time Percent of Total Number Mean Time Total Time Percent of Total Number Mean Time
Visual Ares in Seconds Total Time of Exits/Min. in Ares Visual Area fn Seconds Total Time of Exits/Min. in Area
Copilot's Copilot's
Windscreen 39631 0.436 12.00 2.18 Windscreen 798.08 0.452 11 40 2.8
Handheld Map 302 .51 0.332 9.36 2 Handheld Map 65630 0.372 9.90 2.2%
Right windscreen & Right Windscreen &
Right Side Door 4.3 0.026 1.86 0.83 Right Side Door 74.97 0.042 2.10 1.19
Window Window
Copilot's Side Copilot's Stde
Ooor Window 9.62 0.106 4.0 1.58 Door Window 77.03 0.043 1.62 1.60
Visua) Free Visua) Free
Time Tasd 30.29 0.033 0.36 5.04 Time Task 87.47 0.049 0.40 1.28
Flight Instruments 27.9 0.030 0.72 2.54 Flight Instruments 18.46 0.010 0.60 1.02
Engine Instrument Engine Instrument
Cluster 1.20 0.003 0.30 0.64 Cluster 19.87 0.01 0.54 1.4
Navigation Navigation
Instruments 5.83 0.006 0.48 0.72 Instivments nn 0.006 0.48 0.75
Narning Lights 17.08 0.018 0.42 2.4 Warning Lights 1.9 0.001 0.10 0.63
Other Visual Areas 4.56 0.00% 0.00 0.3 Other Visua)l Areas 16.44 0.009 0.48 1.09
TABLE 6 TABLE 7
VISUAL PERFORMANCE SUMMARY DATA FOR VISUAL PERFORMANCE SUMMARY DATA Fi
SEGMENT FIVE OF THE NAVIGATION COURSE SEGMENT SIX OF THE :AVICAH(!I couggc
HOVER POINT D TO HOVER POINT £ HOVER POINT £ TO MIGHFALLS STAGEFIELD (RP)
Total Time Percent of Total Number Mean Time Total Time Percent of Total Number Mean Time
Visual Area in_Seconds Total Time of Exits/Min. in Area Visual Area in Seconds Total Time of Exits/Min. in Area
Copilot's Copilot's
Windscreen 803.22 0.449 13.50 1.99 Windscreen 882.15 0.445 13.4 1.98
Handheld Map 659.28 0.368 10.98 2.00 Handheld Map 753.68 0.380 n.z2 2.0
Right Windscreen & Right Windscreen &
Right Side Door 94.66 0.052 3.06 1.02 Right Side Door 95.74 0.048 3.4 0.88
Window Window
Copilot's Side Copilot's Side
Door Window 42.88 0.023 1.02 1.38 Door Window 62.37 a..0n 1.68 rn
Visua) Free Visual Free
Time Task 67.83 0.037 0.63 3.57 Time Task 65.95 0.033 0.72 2.7
Flight Instruments 37.95 0.021 1.02 1.22 Flight Instruments 19.89 0.010 0.60 0.9
Engine Instrument Engine Instrument
Cluster 38.10 0.021 1.20 1.02 Cluster 59.53 0.030 1.02 1.70
Navigation Navigation
Instruments 24.54 0.013 0.9 0.87 Instruments 11.06 0.005 0.42 0.73
warning Lights 10.08 0.005 0.18 1.68 Warning Lights 6.96 0.003 0.30 0.63
Other Visual Areas 10.2% 0.005 0.42 0.78 Other Visual Areas 21.90 o.on 0.54 .21

Figure 6 provides summary data for all six flight segments in terms of the percentage of total
visual time spent in each of the ten visual areas. The shaded area includes all mean data points for
each of the six flight segments. The consistency between flight segments is particularly noteworthy.
These data indicate very little variability in percent of time each of the visual areas were utilized
over the entire navigation course. Though the terrain traversed did vary to some degree over the course,
the information demanded from each of the visual areas remained relatively constant. That is, visual
cues needed for navig2tion were primarily obtained from terrain viewed through the copilot's windscreen
with frequent reference to the handheld map.

It is noteworthy that the visual cues necessary for navigation were evidently present primarily in
the area viewed through the copilot's windscreen. This fact is pointed out in the data presented in
Figure 6 and Table 8 which contains the summary data for all six flight segments combined. The navigators
spent 46.8% of the total visual time during the flight obtaining information through the left windscreen
compared to: (1) 5% of the time viewing the terrain through the right windscreen and right door win<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>