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Preface 

In this Lecture Scries, the visual problems encountered during night operations are exdinined from several viewpoints. It is 
considered important to distinguish between three essential aspects of this question i.e. the functioning of the human visual 
system and the integration of this system with the other sensory systems, the technical systems designed to aid or temporarily 
rcplace night vision, and the operational use of such systems. 

These different aspects are dealt with in a series of lectures given by speakers world renowned in their respective fields. 

The first part of this publicatinn concerns sensory systems. 

Physical stimulation enters the eye. It conditions the uptake of visual information. In-depth knowledge of this stimulation is vital 
if  we arc to understand the limitations of night vision and the effects of the different operational systems on vision. 

The processing mechanisms for visual data and the various visual functions are then developed and the limitations of the visual 
system are presented. The integration of vision and the other sensory organs is dealt with in a special chapter. It is in fact the 
integration of this multiplicity of data which produces the mental representation specific to any given situation. The situation 
which concerns us is indeed specific, sincc we are dealing with night flight. A whole set of spatial orientatinn mechanisms are 
required to adapt to this new situation. How then does the learning process take place? 

The second part of the publication is technical 

Night vision aids or substitutes are in common use today. During the recent conflict they were responsible for the success of a 
number of spectacular missions. 

Obviously, we must make a distinction between aids and substitutes. Aids embody the need for adaptation to night vision. 

Substitutes quite simply replace this night vision (the functional capacities of which are very limited compared with day vision) 
byastate whichisclosetophotopicvision.It isclosebut it isnotidentical.Infact,substitutesystems, whetherin theformofnight 
vision goggles or infra-red cameras provide the pilot with a degraded image. The colour disappears, the image is monochrome. 
The relatively low resolution causes difficulties in identifying targets or marks normally used during daylight hours. The field of 
vision is reduced to central and paracentral vision. The cut-off of peripheral vision may result in sensor deprivation, and 
difficulties of spatial orientation or localisation may be encountered. These phenomena will have a direct influence on the 
various major visual functions, visual acuity or contrast vision (vision of shapes) perception of relief etc. 

How are we to integrate these devices into the cockpits of aircraft and helicopters? What are the technical limitations which 
pilots and physicians should be aware of? How are we to go about finding solutions for the future? These are just a few of the 
questions discussed in the different chapters. 

The third part concerns operational use. 

It is the task itself that we must analyse. What are the operational requirements of a pilot flying a night mission'! Is night flight 
simply day flight performed under degraded conditions of visibility? Evidence of actual experience i s  provided by the pilot in 
the lecture series team. 

These multiple facets are examined by means of a variety of approaches and sensibilities: physiologists, psychologists, pilots and 
ergonomists all make their contribution. It is from this wealth of points of view that the limitations of such systems will be 
deduced and solutions envisaged in technical and operational areas, as well as in the field of user training. 

Doctor Jean-Pierre Menu 
Professor of Aerospace Physiology and Ergonomics 
Lecture Series Director 
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Preface 

Les problemes visuels rencontres dans Ics opkrations de nuit sont abordes ici selon diffirents points de vue. I1 est en effet 
important de dissocier trois aspects essentiels: le fonctionnement du systeme visuel humain et I'integration de ce systime avec les 
autres systemes sensoriels, les systemes techniques d'aide ou de suppleance B la vision nocturne, leurs utilisations 
operationnelles. 

Ces diflferents aspects sont presentes au cours de plusieurs conferences effectuees par des orateurs mondialement connus dont 
la notoriitd n'est plus a plus B fair dans leurs domaines respectifs. 

Le premier volet concerne Ics systkmes sensoriels 

La stimulation physique pinetre dans I'oeil. Elle conditionne la prise d'informations visuelles. Une connaissance parfaite de 
cettc stimulation est indispensable pour comprendre les limitations de la vision nocturne ct Ics cffets des differents systemes 
operationnels sur la vision. 

Les mecanismes de traitement d'informations visuelles, les differentes fonctions visuelles sont ensuite developpees. Les 
limitations du systi" visuel sont presentees. L'intigration entre la vision et les autres organes des sens fait l'objet d'un chapitre 
spicialise. En effet c'est de I'integration entre ces multiples informations que nait la representation mentale specifique a une 
situation. Or cette situation est bien particulikn: puisqu'il s'agit du "01 de nuit. L'cnscmblc des mecanismes dorientation dans 
I'espace doivent s'adapter a cette nouvelle situation, comment se fait I'apprentissage? 

Le deuxieme volet est technique. 

Les moyens d'aide ou de suppleance a Id vision nocturne sont de nos jours couramment utilis.es. Lors du dernier conflit elles ont 
eti a la base de la reussite de missions spectaculaires. 

11 faut bien ividemment diffirencier les aides des suppleances. 

Les aides conservent l'adaptation de la vision nocturne. 

Les suppleances remplacent purement ct simplement cette vision nocturne (dont les capacitfis fonctionelles sont beaucoup plus 
faibles que la vision de jour) par un itat qui se rapproche de la vision photopique. I1 s'en rappioche mais il n'est pas identique. En 
effet les systkmes de suppliance, que ce soit les jumelles de vision nocturne, les cameras infra rouge, fournissent au pilote une 
image degradee. La couleur a disparu, I'image cst monochrome. La resolution relativemerit faible engendrerd des difficult& 
$identification de cibles ou de reperes couraminent utilisb en vision de jour. Le champ visuel est riduit a la vision centrale et 
paracentrale. L'amputation de la vision periphirique peut se traduire par une deprivation sensorielles et des difficultis 
d'orientation ou de localisation dans I'espace peuvent se manifester. Ces ilements retentiront directement sur les diffirentes 
grandes fonctions visuelles, acuite visuelle ou vision du contraste pour la vision des formes, perception du relief. 

Comment intigrer ces moyens techniques dans les cockpits des aeronefs, avions ou hilicopteres? Quelles sont les limitations 
techniques que pilotes et medecins doivent conriaitre? Comment peut-on envisagel- les solutions d'avenir? Autant de questions 
qui sont discutees au cours des diffirents chapitres. 

Le troisiime volet concerne I'utilisation opirationnelle 

Cest la tiche elle-mime qu'il faut analyser. Quels sont les hesoins opirationnels du pilote en mission de nuit? Le vol de nuit est-il 
un vol de jour en conditions de visibilite digradBe? Des expiriences vecues sont fournies par le pilote de l'equipe. 

Ces multiples facettes sont traitees selon differentes approches et sensibilites: physiologistes, psychologues, pilotes, ergonomes 
apportent leurs expiriences. Cest  de la richesse des points de vue que seront extraits les limitations de tels systemes et envisagC 
des solutions tant au niveau technique et operationnel que de la formation des utilisateurs. 

Docteur Jean-Pierre Menu 
Professeur de Physiologie ct Ergonomie Airospatiales 
Directeur Lecture Series 

iv 



Abstract 

The aim of this Lecture Series is to provide the aeromedical specialist with a thorough understanding of the physiology of the 
visual system with particular concentration on the impact of the environment presented during night tactical air operations. 

Methods to preserve, protect or enhance unaided night vision will be discussed 

Information concerning visual performances with electro-optic devices derived from aeromedical research and field 
experiences will bc detailed to provide the medical specialists, the engineers and operational pilots with appropriate 
understanding of these increasingly common operational tools. 

This Lecture Series, sponsored by the Aerospace Medical Panel of AGARD, has been implemented by the Consultant and 
Exchange Programme. 

Abrkge 

L'objet de ce cycle de conferences est de presenter aux spicialistcs aerom6dicaux un expose complct de la physiologic du 
systkme visuel, tout en soulignant I'importance de I'impact du milieu ambiant lors des missions tactiques nocturnes. 

Les methodes proposies pour la protection ou I'amelioration de la vision de nuit naturelle seront discuties. 

Des informations seront fournies sur les performances visuelles obtenues au moyen de dispositifs electro-optiques, avec des 
exemples issus de la recherche airomedicale et de I'experience opirationnelle, afin de permettre aux spicialistes midicaux, aux 
ingenieurs et aux pilotes de comprendre ces outils operationnels qui sont de plus en plus sollicites. 

Ce cycle de conferences est presente par le Panel AGARD de Medecine Aerospatiale; et organisi dans le cadre du programme 
des Consultants ct des Echanges. 
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NIGHT OPERATIONS 

W i l l i a m  E. Berk ley ,  Colonel ,  USAF, MC, CFS 
D i r ec to r ,  N igh t  V i s i on  Programs 

A i r c rew  T r a i n i n g  Research D i v i s i o n  
Armstrong Labora to ry  

Wi l l i ams AFB, Ar izona 85240-6457 

INTRODUCTION 

S t r a t e g i s t s  have l o n g  sought t o  e x p l o i t  t h e  
n i g h t  i n  m i l i t a r y  operat ions,  no t  on l y  t o  avo id  
d e t e c t i o n  and as a means t o  de fea t  v i s u a l l y  o r  
o p t i c a l l y  aimed weapons, bu t  a l s o  t o  deny t h e  enemy 
an oppo r t un i t y  t o  r e s t  o r  resupply h i s  t roops .  
With t h e  advent o f  p r a c t i c a l  and e f f e c t i v e  imaging 
devices, t r u e  n i g h t  war f i g h t i n g  c a p a b i l i t y  has a t  
l a s t  become a r e a l i t y  (as demonstrated i n  t h e  
recent  Gu l f  War). It i s  sa fe  t o  assume t h a t  n i g h t  
m i l i t a r y  opera t ions  w i l l  r e ce i ve  even more emphasis 
i n  t h e  f u t u re .  Cur ren t  a v i a t i o n  a c t i v i t i e s  range 
from bas ic  s i n g l e  p i l o t  h e l i c o p t e r  opera t ions  w i t h  
n i g h t  v i s i o n  goggles (NVGs) t o  complex miss ions 
u t i l i z i n g  a mix of h i g h l y  soph i s t i ca ted  a i r c r a f t  
w i t h  m u l t i p l e  sensors, p rec i se  nav i ga t i ona l  
c a p a b i l i t i e s  and advanced weapons d e l i v e r y  systems. 

BACKGROUND 

Radar 

The f i r s t  " imaging device"  employed i n  
m i l i t a r y  a v i a t i o n  was a radar  bombsight used 
ex tens i ve l y  du r i ng  World War I 1  f o r  s t r a t e g i c  
bombing. Q u i t e  crude by present  standards, i t  d i d  
pe rm i t  a non- precis ion d e l i v e r y  of bombs a t  n i gh t ,  
o r  through c l oud  cover. 
du r i ng  darkness a l s o  began i n  World War I 1  w i t h  t h e  
i n c e p t i o n  o f  a i r - t o - a i r  radar  systems, which 
desp i t e  t h e i r  l i m i t e d  c a p a b i l i t i e s ,  were used by 
bo th  t h e  A l l i e s  and t h e  L u f t w a f f e  w i t h  modest 
success. 

Since t h e  Second World War, r ada r  systems, 
bo th  a i r - t o- g round  and a i r - t o - a i r ,  have been 
s t e a d i l y  improved and employed i n  a wide v a r i e t y  o f  
s t r a t e u i c  and t a c t i c a l  a i r c r a f t .  H i o h l v  

A i r c r a f t  i n t e r c e p t i o n  

s o p h i s t i c a t e d  r ada r  systems a re  respons ib le  f o r  t h e  
m a j o r i t y  o f  our present  day a l l- weather  
capabi 1 i t i  es. 

Image I n t e n s i f i c a t i o n  

The e a r l i e s t  devices which p rov ided  ' "n igh t  
v i s i o n "  were t h e  i n f r a r e d  (IR) sn ipe r  scopes, a l s o  
of WW 11. 
l i m i t a t i o n s ,  a f fo rded  t h e  m i l i t a r y  a more o r  l e s s  
cove r t  n i g h t  imaging c a p a b i l i t y  f o r  t h e  f i r s t  t ime. 
They had t h e  d isadvantage of r e q u i r i n g  an i n f r a r e d  
source f o r  i l l u m i n a t i o n  ( i r r a d i a t i o n ) .  Th is  no t  
on l y  l i m i t e d  t h e i r  e f f e c t i v e  range, b u t  a l s o  made 
them e a s i l y  de tec tab le  by an adversary equipped 
w i t h  a s i m i l a r  device.  

A " f i r s t  generat ion"  (Gen I )  image 

These devices,  desp i t e  t h e i r  var ious  

i n t e n s i f i c a t i o n  device,  t h e  S t a r l i g h t  Scope, saw 
l i m i t e d  a v i a t i o n  s e r v i c e  i n  t h e  V i e t  Nam War, 
p r i m a r i l y  i n  Forward A i r  Cont ro l  (FAC) a i r c r a f t .  
These devices were capable of i n t e n s i f y i n g  ambient 
i l l u m i n a t i o n  and d i d  no t  r e q u i r e  a separate source 
of i n f r a r e d  energy as had t h e  WW I 1  i n f r a r e d  
scopes. However, they  were hand h e l d  and much t o o  
l a r g e  and heavy f o r  e f f e c t i v e  cockp i t  use. 

I n  t h e  e a r l y  1970s. second genera t ion  (Gen 
11) n i g h t  v i s i o n  goggles (NVG) became ava i l ab l e .  
Intended f o r  ground t roops ,  p r i m a r i l y  t r u c k  and 
tank  d r i ve r s ,  they  were b i nocu la r  i n  design, head 

mounted and much smal le r  and l i g h t e r  than  t h e  f i r s t  
genera t ion  devices.  The f i r s t  exper imental  
at tempts t o  e x p l o i t  these  NVGs f o r  a v i a t i o n  
occurred a t  l e a s t  as e a r l y  as 1971, bu t  it was no t  
u n t i l  1975 t h a t  t h e i r  t r u e  p o t e n t i a l  was recognized 
and t hey  were adopted f o r  cockp i t  use. 

The t h i r d  genera t ion  (Gen 111) NVGs appeared 
i n  t h e  e a r l y  1980s. For  t h e  f i r s t  t ime,  a device 
( t h e  ANIAVS-6 o r  ANVIS-6 goggle) was designed 
s o e c i f i c a l l v  f o r  a v i a t i o n  f h e l i c o o t e r \  use. These 
NirGs had a huch improved h i l m e t  mount; p rov ided  
b e t t e r  r e s o l u t i o n  and had cons iderab ly  g rea te r  
c a p a b i l i t y  a t  lower  l i g h t  l e v e l s  than  Gen I1 
goggles. 
designs f o r  d i f f e r e n t  app l i ca t i ons  and a i r c r a f t  

Now a v a i l a b l e  i n  a v a r i e t y  o f  d i f f e r e n t  

types,  t h e  Gen I 1 1  goggle i s  t h e  cu r ren t  mainstay 
f o r  m i l i t a r y  a v i a t i o n .  

he l i cop te r s ,  NVGs are now seeing se r v i ce  i n  a l l  
t ypes  of m i l i t a r y  a i r c r a f t .  
combat exper ience w i t h  NVGs occurred d u r i n g  t h e  
FalkTands War where they  were employed by t h e  
B r i t i s h .  

Although i n i t i a l l y  used e x c l u s i v e l y  i n  

The f i r s t  ex tens ive  

N igh t  V i s i on  Goggle Design Cons idera t ions  

Al though t h e  ANVIS-6 i s  by f a r  t h e  most 
common goggle employed f o r  a v i a t i o n  purposes, l a r g e  
numbers o f  Gen I1 devices are s t i l l  i n  use and 
o ther  NVGs have been designed f o r  s p e c i f i c  
app l i ca t i ons .  N igh t  v i s i o n  goggles are c l a s s i f i e d  
as e i t h e r  Type I or Type I1  ( F i  u re  1). 
NVG, t y p i f i e d  by A N V I S  (F i gu re  91, has " d i r e c t  
view'' op t i c s .  The Type I1 design i nco rpo ra tes  a 
f o l d e d  o p t i c a l  pathway and u t i l i z e s  a combiner 
b l ock  t o  present  t h e  image t o  t h e  eye. 
made Cats Eyes a re  t h e  most w ide l y  used Type I 1  
goggle (F i gu re  3 ) .  

The Type I 

The B r i t i s h  

image 
Intensifier 

Oblectlve Tube Eve Piem 

TYPE 1 

imaoe " - 
intensifier 

Oblsctive 

Comblner Black 

TYPE 2 

F igu re  1. Types of N igh t  V i s i on  Goggles 
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F i g u r e  2. 

f i g h t e r l a t t a c k  a i r c r a f t  t o  permi t  d i r e c t  v iewing o f  
FLIR imagery presented i n  a Heads Up D isp lay  (HUD). 
This i s  d e s i r a b l e  because it obv ia tes  an,y 
degradat ion o f  t h e  FLIR p i c t u r e  by i n t e n s i f i e d  
imagery. However, a d i r e c t  v iew ing  c a p a b i l i t y  i s  
essen t ia l  i n  some a i r c r a f t  because t h e  HUD i s  no t  
v i s i b l e  w i t h  an NVG (a f u n c t i o n  of t h e  wavelength 
of t h e  HUD ohosohor). Without t h e  d i r e c t  v iewina 

ANVIS-6 N igh t  V i s i o n  Goggle 

The Type I 1  design was developed f o r  

, . .  
c a p a b i l i t y ,  a p i l o t  would be forced t o  look  a r o h d  
h i s  goggles t o  see t h e  HUD. 

Another impor tan t  advantage o f  t h e  Type I 1  
design i s  t h e  f a c t  t h a t  t h e  combiner i s  i io t  o n l y  
r e l a t i v e l y  t ransparen t ,  it i s  s i g n i f i c a n t l y  sma l le r  
t h a n  t h e  tube  assembly and thus  r e s u l t s  'in l e s s  
o b s t r u c t i o n  o f  t h e  unaided FOV (F igure  4 ) .  This 
p a r t i c u l a r l y  enhances t h e  p i l o t ' s  a b i l i t y  t o  see 
i n s i d e  t h e  c o c k p i t  t o  mon i to r  essen t ia l  f l i g h t  
inst ruments,  an e s p e c i a l l y  impor tan t  f e a t u r e  i n  t h e  
h i g h  speed, h i g h l y  dynamic f l i g h t  regime o f  
f i g h t e r l a t t a c k  a i r c r a f t .  

F i g u r e  3.  Cats Eyes N igh t  V i s i o n  Goggle 

F i g u r e  4. Unaided F i e l d  of View w i t h  
Type I 1  Design 

Forward Looking I n f r a r e d  

devices, forward l o o k i n g  i n f r a r e d  (FLIR), emerged 
d u r i n g  t h e  Vietnam era  and u t i l i z e s  a complete ly  
d i f f e r e n t  t ype  of technology. NVGs image v i s i b l e  
l i g h t  and near i n f r a r e d  energy r e f l e c t e d  f rom t h e  
surface of o b j e c t s  ( r e f l e c t i v e  c o n t r a s t ) .  FLIR 
technology i s  based on t h e  f a c t  t h a t  a l l  o b j e c t s  
warmer than  abso lu te  zero emi t  "heat"  i n  t h e  form 
o f  i n f r a r e d  energy. 
r a d i a t i o n  of t h i s  thennal  energy d i f f e r s  depending 
upon t h e  Composition O F  t h e  ob jec t .  A FLIR image 
i s  s imp ly  a computer generated p i c t u r e  based upon 
t h e  d i f f e r e n c e s  i n  t h e  r a t e  o f  emissiot i  of i n f r a r e d  
energy by t h e  o b j e c t s  i n  t h e  scene ( thermal  
c o n t r a s t ) .  

ad jacent  o b j e c t s  w i t h  temperature d i f f e r e n c e s  of as 
l i t t l e  as one degree, ,and can even d i f f e r e n t i a t e  
o b j e c t s  of t h e  same temperature i f  t h e y  emi t  energy 
a t  d i f f e r e n t  rates.  FI.IR systems, l i k e  radar ,  a re  
much l a r g e r  and heav ie r  than  NVGs, n e c e s s i t a t i n g  
t h a t  they  be a i r c r a f t  mounted as opposed t o  helmet 
mounted. 

The o t h e r  p r imary  group o f  n i g h t  imaging 

Tlie r a t e  o f  emission, or 

FLIR i s  capable o f  d i s c r i m i n a t i n g  between 

NVGIFLIR INTEGRATION 

Because NVGs and FLIR a re  s e n s i t i v e  t o  energy 
of d i f f e r e n t  wavelengths ( v i s i b l e  l i g h t  and near 
i n f r a r e d  o f  0.6-0.9 microns f o r  NVGs versus f a r  
i n f r a r e d  a t  8-12 microns i n  t h e  case of FLIR), and 
t h e  atmospheric t ransmiss ion  o f  energy v a r i e s  as a 
f u n c t i o n  o f  i t s  wavelength, t h e  two types of 
systems a re  complimentary. 
f u n c t i o n  w e l l  under c e r t a i n  c o n d i t i o n s  i n  which t h e  
o t h e r  does not. For  instance,  NVGs a r e  much more 
e f f e c t i v e  i n  humid cond i t ions ,  and FLIR i s  much 
more e f f e c t i v e  i n  c o n d i t i o n s  of smoke, haze o r  
brownout. Having b o t h  systems i s  h i g h l y  d e s l r a b l e  
because it a f f o r d s  a c a p a b i l i t y , w h i c h  i s  much 
g r e a t e r  than  t h a t  p rov ided  by e l t h e r  system alone. 

r e s o l u t i o n ,  i n c o r p o r a t e  sma l le r ,  l e s s  complex 
hardware and a re  s e n s i t i v e  t o  energy i n  t h e  mid 
i n f r a r e d  range (3-5 microns) ,  making them l e s s  
af fected by moisture.  

That i s ,  each can 

Newer FLIR designs (Gen 11 FLIR), have b e t t e r  



VISUAL CHARACTERISTICS OF NIGHT VISION DEVICES 

Both NVGs and FLIR have monochromatic images 

For ins tance ,  

and a r e  l i m i t e d  i n  r e s o l u t i o n  and f i e l d  o f  view, 
a l l  o f  which c o n s t i t u t e  s i g n i f i c a n t  d e f i c i e n c i e s  
when compared t o  normal day v i s i o n .  
monochromatic imagery obv ia tes  t h e  use o f  c o l o r  
con t ras t ,  an impor tan t  moda l i t y  f o r  o b j e c t  
de tec t i on  and recogn i t i on .  

Resol u t i  on 

Although r e s o l u t i o n  can be descr ibed  i n  a 
number o f  ways, v i s u a l  a c u i t y  f a c i l i t a t e s  
comparisons i n  ope ra t i ona l  terms and i s  t h e  
te rmino logy  t h a t  most people a re  f a m i l i a r  w i th .  
For  purposes of t h i s  paper, r e s o l u t i o n  w i l l  be 
d iscussed i n  terms o f  Sne l len  acu i t y .  
a c u i t y  w i t h  NVGs i s  u s u a l l y  about 20140, a l though 
m o w  and m o w  we see ooooles caoable of Drov id ina  

Best v i s u a l  
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v i s i o n  o f  a t  l e a s t  20135. 
a re  c h a r a c t e r i s t i c  of r e l a t i v e l y  h i g h  l e v e l s  of 
i l l u m i n a t i o n  ( t y p i c a l l y  under c o n t r o l l e d  l a b o r a t o r y  

T h e s e ~ l e v e l s  of a c u i t j  

cond i t i ons ) ,  t h a t  are r a r e l y  achieved i n  t h e  
cockp i t .  

f r equen t l y  encountered i n  ac tua l  ope ra t i ona l  
cond i t ions ,  bu t  goggle a c u i t y  can a l s o  be adverse ly  
a f fec ted  by incompat ib le  sources o f  cockp i t  
l i g h t i n g  and/or windscreen t ransmiss ion  losses.  
Even under l a b o r a t o r y  cond i t ions ,  goggle 
performance w i l l  be degraded enough t o  y i e l d  o n l y  
about 20180 v i s i o n  a t  a l i g h t  l e v e l  equ iva len t  t o  
mean s t a r l i g h t .  The r e s o l u t i o n  o f  most FLIR 
systems i s  t h e o r e t i c a l l y  comparable t o  t h a t  
ob ta ined  w i t h  NVGs a t  h i ghe r  i l l u m i n a t i o n ,  b u t  
r e s o l u t i o n  va r i es  depending upon d i sp l ay  s i z e  and 
moda l i t y  (e.g. heads up d i s p l a y  versus cathode ray  
tube) .  Ac tua l  r e a d a b i l i t y  i s  a f fec ted  by bo th  
d i s p l a y  s i z e  and l o c a t i o n .  Some t a r g e t i n g  systems 
w i t h  small  f i e l d s  of view are a c t u a l l y  capable of 
r e s o l u t i o n  which permi ts  a c u i t y  comparable t o  
normal day v i s i o n .  

It i s  impor tan t  t o  remember t h a t  v i s u a l  
a c u i t v  o f  20140 i s  on l v  one h a l f  as oood as normal 

Not on l y  a re  lower  l i g h t  l e v e l s  more 
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s i g n i f i c a n t  enhancement i n  ope ra t i ona l '  c a p a b i l i t y ,  
t h e  a c u i t y  p rov ided  does no t  permi t  t h e  employment 
o f  t r u e  daytime t a c t i c s .  Th is  i s  because t h e  
l i m i t a t i o n s  i n  r e s o l u t i o n  have an adverse e f f e c t  on 
a l t i t u d e ,  d i s t ance  and depth percep t ion ,  as we l l  as 
t a r g e t  de tec t i on  and i d e n t i f i c a t i o n  ranges. For  
example, an ob jec t  v i s i b l e  a t  20 k i l ome te r s  w i t h  
20/20 v i s i o n  would no t  be seen beyond 10 k i l ome te r s  
w i t h  20140 v i s i o n  o r  5 k i l ome te r s  w i t h  20/80 
acu i t y .  
e f f e c t s  of t h i s  l i m i t a t i o n  i n  v i s i o n  are no t  
r e a d i l y  apparent t o  t h e  a v i a t o r  d u r i n g  f l i g h t .  
Th is  i s  a s i g n i f i c a n t  problem which w i l l  be 
descr ibed  i n  some d e t a i l  i n  a subsequent paper. 

Al though obvious i n  t h i s  d iscuss ion ,  t h e  

F i e l d  of View 

Cu r ren t l y  a v a i l a b l e  NVGs t y p i c a l l y  have a 
c i r c u l a r  f i e l d  o f  v iew (FOV) rang ing  from 30 t o  40 
degrees, w i t h  a maximum o f  45 degrees. Th is  i s  
much l ess  than  t h e  rough ly  200 degree h o r i z o n t a l  x 
120 degree v e r t i c a l  FOV a f f o rded  by t h e  unaided 
eye. Since s p a t i a l  o r i e n t a t i o n  i s  p r i m a r i l y  a 
f unc t i on  of pe r i phe ra l  v i s i o n  ( t h e  ambient v i sua l  
system), t h e  l i m i t e d  FOV o f  NVDs s i g n i f i c a n t l y  
a f f e c t s  t h i s  c a p a b i l i t y .  To compensate f o r  t h e  
d e f i c i e n t  FOV, a p i l o t  us ing  NVGs must ma in ta in  an 
aggressive scan t o  inc rease  t h e  e f f e c t i v e  f i e l d  of 
regard, thus  enhancing s i t u a t i o n a l  awareness and 

s p a t i a l  o r i e n t a t i o n .  However, t h e  s p e c i f i c  
phys i o l og i c  cos ts  of t h i s  a c t i v e  scan i n c l u d e  
increased p i l o t  task  l oad ing  and phys ica l  fa t igue .  

The e f f e c t  o f  l i m i t e d  FOV i n  f i x e d  FLIR 
systems i s  e s p e c i a l l y  bothersome. 
r e l a t i v e  smal l  s i z e  (30 x 40 degrees o r  l e s s )  and 
i m m o b i l i t y  r e s u l t  i n  an e f f e c t  no t  u n l i k e  t h a t  of 
hav ing  t o  f l y  t h e  a i r c r a f t  w h i l e  l o o k i n g  through a 
keyhole. Thus w i t h  f i x e d  FLIR, s i t u a t i o n a l  
awareness can be q u i t e  impa i red  and t h e  p o t e n t i a l  
f o r  s p a t i a l  d i s o r i e n t a t i o n  i s  markedly inc reased 
compared t o  normal day o r  NVG a ided v i s i o n .  
However, even a f i x e d  FLIR d rama t i ca l l y  improves 
s i t u a t i o n a l  awareness when compared t o  unaided 
n i g h t  v i s i on .  

w i t h i n  modest l i m i t s ,  and t u r r e t e d  FLIRs have a 
wide f i e l d  o f  regard, t h e  opera to r  can become q u i t e  
d i s o r i e n t e d  because o f  t h e  r e l a t i v e l y  smal l  FOV of 
t h e  image and t h e  f a c t  t h a t  t h e  sensor may no t  be 
po in ted  i n  t h e  same d i r e c t i o n  as t h e  v iewer 's  gaze. 
Head s teered  systems a l l e v i a t e  t h i s  problem, bu t  
a re  very complex and expensive i n  comparison t o  
NVGs o r  f i x e d  FLIR. 

The image's 

Even though most f i x e d  FLIRs can be slewed 

Symbology I n j e c t i o n  

The a d d i t i o n  of symbology t o  dep i c t  essen t i a l  
f l i g h t  i n f o r m a t i o n  i s  
a l i m i t e d  degree i n  t h e  form o f  t h e  so c a l l e d  NVG 
HUD (Heads Up D isp lay ) .  Th is  device has met w i t h  
l i m i t e d  success, p r i m a r i l y  because i t  was f i e l d e d  
w i t hou t  adequate t r a i n i n g  f o r  users o r  maintenance 
personnel .  
weight ,  moves t h e  cen te r  of g r a v i t y  f u r t h e r  fo rward  
and requ i r es  r o u t i n g  a r e l a t i v e l y  heavy and 
i n f l e x i b l e  cab le  t o  t h e  helmet. 
impor tan t  e f fec t  of these  devices i s  a tendency t o  
produce s l i g h t  m i n i f i c a t i o n  o f  t h e  t e r r a i n ,  
i n c r e a s i n g  i t s  apparent d is tance  from t h e  a i r c r a f t .  
Th is  phenomenon has been observed w i t h  convent ional  
a i r c r a f t  HUDs as w e l l ,  bu t  t h e  t r u e  s i g n i f i c a n c e  
has no t  y e t  been es tab l i shed .  The ex ten t ,  
phys i o l og i ca l  mechanism and ope ra t i ona l  importance 
o f  t h i s  i l l u s i o n  a re  a l l  c u r r e n t l y  under 
i n v e s t i g a t i o n .  

OPERATIONAL CAPABILITIES 

c u r r e n t l y  being employed t o  

It a l s o  increases head supported 

A p o t e n t i a l l y  

The s i n g l e  most impor tan t  c o n t r i b u t i o n  
p rov ided  by n i g h t  v i s i o n  devices i s  a vas t  
improvement i n  s i t u a t i o n a l  awareness and s p a t i a l  
o r i e n t a t i o n .  Th is  t r a n s l a t e s  d i r e c t l y  t o  t h e  
f o l l  owing ope ra t i ona l  capabi 1 i t i e s :  

1. Enhanced maneuverab i l i t y .  Permi ts  
t e r r a i n  masking, t e r r a i n  avoidance and t h r e a t  
response not p o s s i b l e  w i t h  unaided n i g h t  v i s i on .  
Enables t h e  use o f  t a c t i c s  more nea r l y  l i k e  those 
employed i n  daytime. 
fo rward  l ook i ng  r ada r  alone, even w i t h  automatic 
t e r r a i n  fo l low ing .  
f l i g h t .  

t h e  t e r r a i n  and v i s u a l l y  i d e n t i f y  landmarks. 

A f f o rds  a c a p a b i l i t y  t o  v i s u a l i z e  t h e  t a r g e t  area 
and employ t a c t i c s  no t  o therw ise  poss i b l e  a t  n i g h t .  
S i g n i f i c a n t l y  augments o the r  weapons system 
c a p a b i l i t i e s .  

4. Threat  de tec t i on .  The a b i l i t y  t o  see t h e  
surroundings and de tec t  g u n f i r e  o r  m i s s i l e  launches 
can be dramatic. 

NVDs are f a r  supe r i o r  t o  

A l low "nap o f  t h e  ea r t h "  

2. Enhanced nav iga t ion .  A b i l i t y  t o  "see" 

3. Target  a c q u i s i t i o n  and weapons d e l i v e r y .  
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5. M u l t i i m i x e d  a i r c r a f t  operat ions.  
C a p a b i l i t y  t o  employ m u l t i p l e  and d i s s i m i l a r  
a i r c r a f t  i s  s i g n i f i c a n t l y  enhanced. Makes miss ion  
escor t  possib le.  

C a p a b i l i t i e s  a r e  markedly expanded. Allriws some 
degree o f  mutual support.  

e m i t t i n g  . 
OPERATIONAL LIMITATIONS 

6. N i g h t  a i r - t o - a i r  operat ions.  

7. Covert operat ions.  Devices a re  non- 

1. Visual  meteoro looical  c o n d i t i o n s  onlv .  
NVDs do no t  p rov ide  an a l l - weather  c a p a b i l i t y  ?do 
permi t  under t h e  weather operat ions) .  

2. Ambient i l l u m i n a t i o n .  C a p a b i l i t y  o f  NVGs 
w i t h o u t  FLIR o r  o t h e r  complimentary systems i s  
l i m i t e d  i n  cond i t ions  o f  very low ambient l i g h t .  
C u l t u r a l  l i g h t s ,  f i r e s ,  f l a r e s ,  explos ions and moon 
p o s i t i o n  a l l  a f f e c t  NVG employment i tact ics.  

3.  L i m i t e d  FOV and reso lu t ion .  D i r e c t  
e f f e c t  on t a r g e t  acquisitionlidentification and 
weapons d e l i v e r y  c a p a b i l i t i e s .  

4. Takeof f  and land ing  r e s t r i c t i o n s .  
P o t e n t i a l l y  hazardous f o r  a v i a t o r s  us ing  NVGs i n  
e j e c t i o n  seat a i r c r a f t .  

5. Human l i m i t s .  Although NVDs d r a m a t i c a l l y  
increase t h e  a v i a t o r ' s  s i t u a t i o n a l  awareness and 
o v e r a l l  c a p a b i l i t i e s  i n  darkness, these advantages 
have a l s o  been employed t o  s i g n i f i c a n t l y  expand t h e  
scope of n i g h t  miss ions.  
though t h e  devices enhance our c a p a b i l i t i e s ,  n i g h t  
operat ions have s imul taneously become i n c r e a s i n g l y  
demanding and complex. I n  f a c t ,  p i l o t  task  l o a d i n g  
i s  of ten increased r a t h e r  than  decreased i n  NVD 
missions. 
fac to rs  designs a r e  needed t o  reduce c o c k p i t  work 
loads and t o  make f u r t h e r  advances i n  our 
c a p a b i l i t i e s .  

The r e s u l t  i s  t h a t  even 

Sensor i n t e g r a t i o n  and improved human 

NIGHT OPERATIONS 
NVD a ided n i o h t  a c t i v i t i e s  cover  a broad 

spectrum ranging fFom very bas ic  s i n g l e  sh ip,  
s i n g l e  p i l o t ,  NVG h e l i c o p t e r  opera t ions  t o  h i g h l y  
complex missions which i n v o l v e  numerous a i r c r a f t  o f  
d i f f e r e n t  types,  equipped w i t h  a wide v a r i e t y  of 
" n i g h t  systems." Although h e l i c o p t e r  operat ions 
s t i l l  comprise t h e  m a j o r i t y  o f  NVG u t i l i z a t i o n ,  
NVGs, FLIR and/or radar  systems a re  now employed, 
a t  l e a s t  t o  a l i m i t e d  degree, i n  v i r t u a l l y  every 
t v o e  o f  a i r c r a f t  i n  t h e  inventorv.  Th is  inc ludes  
A i  types o f  r o t a r y  wing, util it;, t r a n s p o r t ,  
bomber and f i g h t e r / a t t a c k  a i r c r a f t .  

H e l i c o p t e r s  

For  a l l  p r a c t i c a l  purposes t h e r e  a re  no 
unaided n i o h t  r o t a r v  wina opera t ions  i n  t h e  US 

v h p l i c o n t e r  i n  t h e  

FLIR. Complimentary systems i n c l u d e  t e r r a i n  
f o l l o w i n g  radar ,  s o p h i s t i c a t e d  n a v i g a t i o n  systems 
(some w i t h  Global P o s i t i o n i n g  System), moving map 
d i s p l a y s  and on board miss ion  computers. M iss ion  
p r o f i l e s  range from nap- of- the- earth f l i g h t  
conducted a few meters above t h e  ground, t o  heavy 
a i r l i f t  ( i n c l u d i n g  s l i n g l o a d )  operat ions,  t o  h i g h l y  
dynamic a t t a c k  miss ions.  Airspeeds vary  from 10 
knots o r  less,  t o  more than  150 knots (20 t o  215 
k i lometers  per  hour) .  S o r t i e  leng ths  can exceed 10 
hours. I n f l i g h t  r e f u e l i n g  i s  r o u t i n e l y  conducted 
by some organizat ions.  

F ixed  Wing, Mu l t ieng ine  A i r c r a f t  

This  category inc ludes  e v e r y t h i n g  from smal l  
u t i l i t y  a i r c r a f t  t o  bombers and l a r g e  t r a n s p o r t s .  
Many NVG miss ions f lown i n  u t i l i t y  and t r a n s p o r t  
a i r c r a f t  are i n  support. o f  va r ious  s p e c i a l  
operat ions.  
i n  t h e  more s o p h i s t i c a t e d  h e l i c o p t e r s .  
f l i g h t s  (100 t o  ZOO meters)  a re  commonly conducted. 
Airspeeds vary  w i t h  t h e  s p e c i f i c  a i r c r a f t .  
I n f l i g h t  r e f u e l i n g  i s  o f t e n  involved.  

Bombers may f l y  p a r t i c u l a r l y  l o n g  miss ions,  
i n c l u d i n g  low l e v e l  segments which a r e  NVG aided. 
A i r c r a f t  systems, a l t i t . udes ,  a i rspeeds and f l i g h t  
operat ions a re  e s s e n t i a l l y  t h e  same as f o r  daytime 
f l i g h t s .  

- F i g h t e r / A t t a c k  Operat ions 

Systems a re  comparable t o  those found 
Low l e v e l  

Perhaps both t h e  chal lenges and t h e  b e n e f i t s  
of NVG f l i g h t  are great.est i n  t h e  f i g h t e r i a t t a c k  
wor ld.  
h i g h l y  dynamic and, a t  t imes,  low a l t i t u d e  f l i g h t  
regimes c h a r a c t e r i s t i c  o f  these operat ions.  Both 
s i n g l e  and dual seat a i r c r a f t  a re  employed. A 
" n i g h t  a t t a c k  system" as propounded by t h e  US Navy 
inc ludes  NVGs, a FLIR w i t h  HUD d i s p l a y  c a p a b i l i t y  
and a d i g i t a l  moving map. This  i s  i n  a d d i t i o n  t o  
t h e  usual radar, n a v i g a t i o n  and weapons d e l i v e r y  
systems. Airspeeds t y p i c a l l y  va ry  f rom 240 t o  more 
t h a n  500 kno ts  (440 t o  900+ k i l o m e t e r s  per  hour)  a t  
a l t i t u d e s  o f  severa l  thousand meters down t o  100 
meters o r  less .  

The enhancements i n  nav iga t ion ,  t a r g e t  
a c q u i s i t i o n ,  t h r e a t  d e t e c t i o n  and maneuverab i l i t y  
a re  p a r t i c u l a r l y  impor tan t  t o  s i n g l e  seat  p i l o t s ,  
f o r  whom task  s a t u r a t i o n  can be a s e r i o u s  oroblem. 

This  i s  because! o f  t h e  very h i g h  airspeeds, 
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even d u r i n g  daytime. The a b i l i t y  t o  see t h e  t e r r a i n  
and t h e  r e s u l t i n g  c o n t r i b u t i o n  t o  s p a t i a l  
o r i e n t a t i o n  i s  p a r t i c u l a r l y  impor tan t  d u r i n g  any 
phase o f  f l i g h t  i n  which dynamic maneuvering i s  
requi red.  

CONCLUSIONS 

M i l i t a r y  a v i a t i o n  has l i t e r a l l y  been 
t ransformed by t h e  i n t r o d u c t i o n  of n i g h t  v i s i o n  
devices. The t o t a l  impact o f  NVDs has probably 
been g r e a t e r  than  t h a t  o f  any t e c h n o l o g i c a l  advance 
s ince  t h e  development of t h e  j e t  engine. It i s  
very l i k e l y  t h a t  w i t h i n  o n l y  a few years,  a l l  
n i g h t t i m e  m i l i t a r y  f l y i n g  w i l l  be conducted w i t h  
n i g h t  v i s i o n  devices. 

c a p a b i l i t y  t o  conduct n i g h t t i m e  opera t ions  t h a t  i s  
afforded by NVDs has l i t e r a l l y  r e v o l u t i o n i z e d  
warfare. 
demonstrat ion o f  an overwhelming m i l i t a r y  advantage 
a f f o r d e d  bv t h i s  technoloov. However. c u r r e n t  

It i s  n o t  an exaggerat ion t o  s t a t e  t h a t  t h e  

C e r t a i n l y  t h e  G u l f  War was a conv inc ing  

devices a; s t i l l  r e l a t i v G i y  l i m i t e d  i n  performance 
and human i n t e r f a c e  c h a r a c t e r i s t i c s .  

should be a b l e  t o  expect s i g n i f i c a n t  gains i n  many 
performance c h a r a c t e r i s t i c s ,  e s p e c i a l l y  r e s o l u t i o n  
and FOV, w i t h  systems of even s m a l l e r  s i z e  and 
weight. U l t i m a t e l y  we ,should see m u l t i s e n s o r  
systems w i t h  fused imagery presented i n  l i g h t  
weight, f u l l  c o l o r ,  helmet mounted d isp lays .  

Wi th t h e  i n e v i t a b l e  advances o f  technology 
and our  understanding o f  human f a c t o r s ,  f u t u r e  
systems w i th  undreamed o f  c a p a b i l i t i e s  should be 
r e a l  i zed. 
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Resume: 
Les diffgents aspens physiques et psychophysiques du 

stimulus visuel son1 envisages. I1 s'agit de definir le plus 
precisement possible la stimulation physique d 'emee dans le 

+me visuel (nature des rayomemem, intensite lumineuse, 
couleun et organisation dans l'espace et le temps). I1 est 
souvent difficile de dissacier I'aspect physique de l'aspect 
psychophysique. Ce denier aspect traduit rimpact de raspect 
physique sur la prise et le traitement d'informatious tout au 
long de la voie visuelle. I1 est par conskquent important de 
definir le plus precisement possible le fonctionnement du 
capteur retinien. Les mecanismes dinegration dinformations 
seront decrits ulterieurement. La structure physique des 
images de plusieurs systemes de suppleance A la vision 
nOcNrne est d y s e e .  

Introduction: 
Comment dbfinir, caractet-iser. quantifier, mesurer le 

stimulus visuel ? De quelles methodes dispose-t-on pour 
&valuer les intensites lumineuses, les couleun et surtout la 
structure d'une image complexe comme on en renconwe de 
jour comme de nuit et dans les appareillages de visualisation 
noclurne ? 

Des rappels relativemm simples doivent &re effectues 
pour metw en place les elements les plus pertinens. Ce SON 

eux qui codstituemnt les bases physiques et psychophysiques 

sur lesquels retentimnt tous les systemes daide A la vision 
nocturne ou au vol de nuit. Nous reprendcons les plus utiles 9. 
une bonoe comprehension de Vensemble; la plupart ont deja 
fait l'abjet de multiples publications qu'elles soient 

relativement fondamentales (Marc 1982, Menu et Corbe 
1991) ou plus appliquees au domaine de Ya&onautique 
(Boff et Coll, 1986. 1988). 

L'ensemble des rayonnements electromagnetiques ou 
specw (figure 1) est habiNellement indique sous forme dun 
axe en fonction des longueurs dnode, depuis les plus courtes 
(rayom X) jusqu'aux plus &levees (infra-rouge, ondes radio). 

Le rayonoement visible ne repesente qu'une petite 
fenetre ouverte dans L'ensemble de ces rayomements; il 

s'etend de 450 A 650 m. Cette gamme de longueun doude 
est appelee lumiere. Elle stimule selectivement le syS2me 
visuel de L'homme. 
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Figure I : Specw des rayonnements electmmagnetiques 

En physique, deux theories existent pour caracreriser les 
rayonnements electromagnetiques: une theorie de mecanique 
ondulatoire (rayomemem de longueur d'onde pr4cise) et une 
theorie quantique, corpusculaire. Chacune de ces deux 
theories peut &re utilisee altemativement en fanction des 
besoins. 

La theorie ondularoire est habituellement la  plus 
employee au niveau du systeme visuel. La theorie 
corpusculaire n'est utilisee que pour la transdunion deuelgie 
au niveau des photorecepteun. La Worie  quantique est basee 
sur I'existence de photons dont renergie est donnee par 
rexpression: h x v. h est la comaare de PLANCK et V la 

fwuence de la radiation. 

Plusieun questions se posent quaat a I'analyse de ces 

Comment I'ensemble du systeme visuel analyse-t-il et 

Comment peut-il egalement prendre en compte la 

longueur donde et la traduire sous forme de couleun: 1 

Pour repondre z i  ces deux questions i l  convient 
d'envisager le passage d'un domaine physique a un domaine 
psychophysiologique. 

Le domaine physique est celui de laradiomeuie; celui de 
la psychophysiologie est celui de la photocolorimeuie. Chez 
I'homme le passage du premier domaine au second e$ 
realisable en introduisant la fonction de transfen globale du 
systeme visuel face A ces rayomements de differentes 

rayonnements pax le syseme visuel. 

integre-t-11 l'energie du rayonnement incident ? 
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longueurs d'onde. En effet, I'efficacite du w e m e  visuel n'est "onbll d.r*r.Pl."rr P.rmillimi,,l 
t g l O 0 O  
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pas la m€me pour les d i f f h m s  longueurs d'onde. 

11 faut. avant tout, dffinir les m e s  de radiomevie et de 
phoromevle. Ces differenu termes sont indiques sur le tableau 

dans les domaines respecMs. mow 

I avec leurs unites et l a  correspondance des uns aux autres 

(I 

A n g l e ( d w i 4  
I1 est essentiel pour bien comprendre A quai correspond 

un stimulus visuel de meme en place les elements du capteur 
en prbcisant ce qu'ils peuvent analyser. 

pigurr 3 : des phofaecepteun avec I,excenvlcite 

Ces diffhiices histologiques auront un retentissement Le capteur de la l u m i h  est situ6 au niveau de la retine, 
ap*s que celle-ci ait m a e  les d e u x  -;re* de r o d .  NT les fonctions visueues. L~~ phomr&ep&un n'aSNrent p" 

Une coupe histologique de la &tine mcet en place les , , , , ~ ~ ~ ~ ~ l ~ w ~ ~  dinfonnariOninitiale, mais dejauncodage 
elements constitutifs (figure 2). 

Figure 2 : Coupe histologique de la&tine 

Seul I'aspect fonctionnel de I'ensemble doit Sue aborde. 
Les photarCcepteun sont les cellules specialisees dans la 
transduction, transformant une energie physiq,ue liee au 
rayonnement IuimSme en une enei-gie elecuique. Ies potenriels 
daction. Les canes et les b&tOMets ant non seulement des 
sensibilites aux longueurs donde di f feems,  mais aussi des 
sensibilites diffeentes en energie (les batonnets dont les 

micles extei-nes sont plus longs. captent plus de photons que 
ceux des canes). La densite et  la repmition des canes et des 
batonnets est egalement differentes avec I'excentricite 
retinienne: les  canes ant une densite maximale en vision 
centrale: les b8tonnets ant une demit6 maxlmale vers 10 A20 

degres dexcenuicite (Figure 3). 

et un premier vaitemem de I'infaormarion captee (le fait d'€tre 
sensible A une longueur d'onde et non a une autre est deja en 
s a  un premier vaitement et codage dinfamation). 

Les deuxiemes ceUu1.e~ inthssantes pour le traitement 

d'informaion au niveau de la  retine son1 les cellules 
ganglioMairrs. Ce sont leu- axones qui constituent les fibres 
du nerf optique. 

Les cellules gangliotlitaires vehiculent les influx neneux 
Vansmis p a  un nombre plus ou moins impatrant de cellules 
bipolaim et p a  cons4pent de phato&cepteurs. Le nombre de 
phototecepteurs et la  region de I'espace pour laquelle une 

cellule g a n g l i o d r e  repond est appellee champ recepteur de 
cette cellule ganglionnaire. Leur taille est variable avec 

l'excenvicite r&inienne. Les champs les plus petiu sont situes 
en vision cenuale. Plus I'excentricite retinieme augmente, 
plus les champs &cepteun sont etendus. I1 s'agit alors d'une 
integration spatiale d'informations: les champs les plus grands 
integreront l a  lumi&e dam I'ensemble du champ. Lexcitation 
de la cellule ganglionnaire n'aura lieu que si un pourcentage ou 
une reprurition cohknte  dam ce champ a ere r6alise. 

En fonction de leurs caractenistiques histologiques et 
electrophysiologiques et a partir des etudes de  
neurophysialogie menees .sur l'animal, plusieurs types de 
cellules ganglionmires doivent Stre distinguees: cellules de 
type X ,  Y ou W . Leurs proprietes respectives sont indiquees 
dans le tableau 2. 

Tableau 2 : Pmprietes des cellules ganglionmires 



2-3 

Ce tableau pdsente de mmietP tres synthetique et par la 
meme silrement excessive L'ensemble des caracret.istiques que 
d i f f h n u  auteun ont pu isoler. Sur un plan psychophysique, 
avec Tolhorsr deux systemes de transmission de 
Vinfarmation peuvent Stre diff&encihs: un systeme tonique et  
un s y d m e  phasique. 

Le canal tonique aurait c o m e  support la voie utilisant 
les cellules de type X.  I1 predomine en vision centrale et 
iutervient pour beaucoup dam la discrimination fine des 
objeu. 

Le canal phasique aurait les cellules de type Y pour 
support neuraphysiologique. U est prepondeant en vision 
paracentrale et peripherique. Son rdle serait de detecter 

rapparition d'un evenement nouvesu dans la partie la plus 
p&iph&ique du champ visuel. Le mouvement, en paniculier 

par sa composante dynamique, est l'attribut du monde 
physique le plus pertinent. 

Ainsi des les cellules ganglionnaires, organisees en 

voies ou systemes spkifiques, I'information estraite par les 
phatoecepteurs est deja mise en forme. Le traitement initial a 

debut6 des ce niveau considke autrefois comme p&riph&iqne. 
Cette mise en forme est essentielle pour Vensemble des 
grandes fonctions visuelles que sont la vision des details. la 

vision des couleurs.. . 
Apres les relais dam les structures les plus profondes du 

tronc ckebral, des voies directeer vehident les influx nerveux 
ven  les aires ckebrales visuelles primaires. An niveau des 
aires associatives, des projections des autres systemes 
sensoriels conjuguent leun informations. Au del&, mSme si 
des travaux de neurophysiologie sur la memotisation des 
evenemenu ont m o d  rimervention de structures c e e b d e s  
profondes, les donnees objectives dont on dispose A l'heure 
actuelle sont encore limitees. On retrouve 18 encore 
I'oppasitian entre theories localisationniste et connectionniste. 
Les travaux les plus recenu remetwnt m@me en question 
completement ces localisations de la memoire (Rosenfield 
1988).  Seules des techniques de psychologie cognitive 
proposent un modele fonctionnel des etapes ulterieures du 
traitement dinformation. 

D m  I'execution dune tache precise. seule une zone 
relativement limitee de la memoire globale est activee, la 
memoire de travail. Les informations contenue dans ceue 
sous-panie de la memoire ne sont accessibles qu'au moyen de 
techniques p;uriculi&w de psychologie cognitive. Lexperrise 
exwait les coMaissances et leun regles dutilisatian pour une 
ache paniculike (Sperandio-1984). 

La photomettie traduit la sensibilite du systeme visuel & 

l'energie vehiculee par chacune des differentes longueurs 
d'onde du rayonnement incident. 

A parrir des mvaux de Coblentz et Emerson (1918) 
en lY2l la C. I . E .  a etabli un observateur de rkfeence. La 
cowbe d'efficacite lumineuse relative (ou V Lamda) vaduit la 
sensibilite du s-me visuel aux diffffentes longueurs d'onde 
(Figure 4). 

A "m . 
Figure 4 , Courbes defficacite lumiueuse relative 

La cowbe defficacite lumineuse relative a 6te etablie en 

vision de jour ou vision photopique (intensite lumineuse 
sup&iew a 10 candelas par m2). Par la suite, la sendbilite 
dam le domaine scotopique a egalement et6 etablie. Ceue 
courbe doit @tre utilisee pour tomes les memes  de lumi&it 

effemees en vision nocturne q u a d  I'inrensite lumlneuse est 
infheure  A 10 -3 cd/m2. Pour les intensites lumineuses 
intermkdiaires, appartenant au domaine de la vision 
mesopique, bien que beaucoup d'etudes soient menees 
actnellement, il n'existe pas encore de courtre defficacite 
lumineuse relative adaptee A ce type de vision. II s'apit donc 
d'un domaine visuel difficile & utiliser. car assez mal 
caracterise et qualifie. Par ailleurs cette c o d e  a ete *tablie en 
vision centrale. EUe ne sera danc valable et applicable que 
dans ces differentes conditions. 

4 L a c o l m e  ou la co- 
Mors que la photomettie mduit I'effet de I'energie dun  

rayonnement. la colorimetric &value le conteuu en longueur 
d'onde, ce que I'on nomme commun6ment SOUS le m e  de 
couleur. 

La couleur n'exisre pas dans le monde reel physique qui 
nous entaure. m e  &~ I t e  de I'integration par I'ensemble des 
mecanismes du systeme visuel (depuis les photorkepteun 
jusqu'aux C M V ~ S  nerveux les plus superieurs) des diffeentes 
longueurs donde SUI chaque structure 

Comme pour le photomettie, deux aspects doivent Stre 
distingues, COMUS et m i s  en relation: nu aspect physique et un 
aspen psychophysiologique. Pour chacun d'entre eux une 
couleur se definit si ron a pecise trois notions indispensables. 
I1 n'y a pas de couleum et surtout de communication de 
coulem, satu definition aussi precise que possible de chacun 
des trois temes. Plut8t qu'une description theorique de 
chaque t ame ,  le tableau 3 indique chacun dentre ens avec 
leurs relations en fondon du domaine considee. physique OD 
psychophysiologique. 
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Tablean 3 : Comffpoadance entre ler aspects physiques et 
psychqhysiquer de la couleur 

Phwque Psychophysique 

Longueur #ande dominante TAate 
Luminance Luminosite 
Purete colorimevique Saturation 

Outre ces definitions les deux aspecu physique ou 
psychophysiologique sont B la base de metbodes de mesures et 
de campanisom des muleurs. 

De maniere synthetique, ces notions p:uvent @we 
&sum& par les deux pOinrr suivaafs: 

- Pdygue eroiaqpledescouleursCLE. 

A partir essenriellement des donnees phyr:iques et de 
physiologie de la vision des couleurs. la C.I.E. a defini en 
plusieurs occasions des sytemes de representation des 
couleurs. Nous ne developperans pas ici la. demarche 
exp&imentale. seuls les &sultats soul p&sentes inr un mode 
p i q u e ,  i savoir f'urilisation dune metbode de compamison 
des couleun. Les couleurs appartiennent B un volume 
complet. Une coupe dans ce volume perpendiculauement a 
I'axe des intensit& lumineuses peut @M m&alisee sous la 
forme du triangle des couleun normaline une premi&e fois en 
1931 (vision photopique et  champ d'observation de 2 deges). 
Tout est base sur des mesures physiques des couleun de la 

source lumineuse, qu'elle soit prim& ou secondaire. A partir 
de  ces mesures une conversion est effectuee, 
mathematiquement pour aboutir aux caordannees 
colofimeviques vichramatiques qui sont repositio~mees sur le 

uiangle. 

0.2 0.4 
X 

Figure 5 : Triangle des couleun CIE 193 1 

C'est en fait en tenant compte des coordonnees des 
couleurs dans ce type de repere que l 'on pew comparer 
divei-ses situations (Laycock et Viveash) 

-Psycbopbysique er adas de c o m p ~ s o n  lppe 

"SELL: 
D'autrer metbodes de compamison de couleun utilisent 

la comparaison i I'aide de sa vision par rapport i des 
e c h d o n s  de &f&ence. La subjenivite de robservateur est 

importante. Les conditiom d'eclairage des tichantillom doit 
&e rigoweuse au risque de modifier l'apparence des coulew. 
En general ces methcdes SON dservees i des Sources 
secondairen de lumi&e. Differents systemes existent en 
fonaion des panunewes p i s  en compte (exemple de I'atlas de 
Mumell). 

Auparavant, seule rimensite lumineuse globale ou 

fragmenrairr a in i  que la couleur de diff&eNes plages ont ete 
envisagees. Pour consrimer I'image efficace i partir de laquelle 
le systeme visuel poum effectuer des vaitements patticuliers 
du type reconnaissance de formes, des informations 
specifiques sur la taille des Blements comimtifs de I'image 
ddvent ?we pris en compte. On peut alas vki-itablement parler 
dngmisation dms I'espaa! de la lumike. 

5-1 Strncture spatiale: 
Lacuite visuelle fur la premi&e approche permeuant 

dapwcier  le pouvoir de disciirmnarion le plus fin du systeme 
visuel pour des contrastes maximum dun elemem B rautre de 
rimage. 

Mais la notion dacuire visuelle est tres limitative. Elle 
n'est applicable que dans ce cas de contraste maximum pour 
des details de tres petite dimension. Des que les contrastes 
diminuent ou que les derails deviennent plus luges, I'acuite 
visuelle n'est plus mesurnble. I1 n'y a pas d'examen qui 
remeigne sur les capacites (j'un individu i penevoir dans ces 

conditions qui SON pourtant courantes dans notre vie 
quotidienoe. II faut avoir recoun a la determination de la  
sensibilite aux conVaSfes du systeme visuel. 

Le conmste et la largeur des elements contenus dans une 
image sont des parametres impottants de la perception des 
formes Se pose en effet le probleme de la  definition de 
I'organisation des coastituaots d'une image. 

La verbalisacion est d'un intedt limite. EUe introduit une 
parr non negligeable de c:onnaissance, de memarisation, 
d'apprentissage (en d'autres tennes, de psychologie et de 
subjectif) pour definir une f a m e  et/ ou un objet. Tout est 
guide par la represeatation et la prototypisation des objets 
effemees par I'individu. Ce type d d y s e  est couramment et 

souvenc inconsidMment utilise. 
La deuxieme approche est liee A lanalyse d'image sur nn 

mode informatique. Ce sont les techniques d'analyse et de 
traitement d'images complexes qui ant fait comprendre 
I'int&et de caracteriser et de definir le plus pr+cin&ment 
possible I'organisation de la lumiere dans respace, selon des 
aaributs patficuliers. Ce sont eux que nous allom utiliser. 
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Cest entre autre les uavaux de Campbell  et Robron 
ou d 'Enrotb-Cugel  et Robson  qui ont montre le 
fonctionaement en analyseur frquentiel du +me visuel. 

L'int&@t d'utiliser des lOseaux sinusolsaux est double: 
-11 y a tout dabord un inwet mathkmarique ou physique, 
L&l&ment unitaice dune decomposition par la tranformee de 
Fourier est le eseau sinusoidal. 

-U y a aussi un deuxieme inter& qui est neumphysiologique. 
Les uavaux des diffhntes quipes doni celles de Hubel et 

Wiesel on1 montre qu'une cellule quelconque du systzbme 
visuel r'+mdait selectivement P une bande cehtivemem ewite 
de frquences spatiales. Elles son1 accordees sur une zone 
frequentielle. I1 existe environ 8 bandes pour couvcir 
I'enremble du domaine visible (De Valois). Le parallelisme 
par rapport 3. la d & i " a  'andei.acuitevisuelle esrreprenente 
sur la figure 7. La courbe superieure correspond 3. la fonction 
de sensibilite au coNtane du systkme visuel. 

Les methodes danalyse et de traitemem d'image utilisent 
la notion de fequence spatiale. Un signal quelconque sur 
lequel on applique l'operateur de FOURIER peut @we 
decompose en une somme de signaux ou frequences 
sinusofdaux. La fequence la plus large est la frbquence 
fondamentale; les frequences plus &levees sont les 
harmaniques d'ordre superieur. Une seule frequence 
sinusofdale constitue donc le signal le plus dmple. EUe peut 
etre visualisee SOUS la forme dun reseau, c'est 3. dire une 
m c t u r e  repetitive dont la largeur des bandes plus ou moins 
claires ou plus ou moins sombres est caracteristique de ceue 
fequence exprimee en cycles par dege daogle visuel. Ceue 
alrernance de bandes est due aux vaiations dans respace de la 
luminance d'une couleur de tonalit6 bien definie. Cette 
definition dun reseau et les diff&em types en fonction de la 

variation de la luminance soul representes sur la figure 6. 
L'ophteur de Fourier possede deux m e r :  un damplirude et 

un autre de phase. La plupart du uavd urilisant rop&ateur de 
Fourier est r6alise sur I'amplimde. Le spectre damphtude 
caractet-ise I'importance de chacune des differentes f*uences 
contenues dans une image. Mais ce spectre damplimde ne 
rend absolument pas compte de la localisation dun  element 
pdcul ier  en un point de I'image. Pour utiliser couramment la 
phase, les calculs seraient fastidieux. I1 est difficile de 
tmvailler sur la phase dimages complexes. 

La decomposition en serie de Fourier fut la premiere 
decomposition mathematique pmeuanf de mieux co&tre le 
comenu sparial global dune image. ELLe a hitie bon nombre de 
travaux en neurophysiologie avec l'utitisation de frquences 
spariales sinusadales sous la forme de lOseaux de pmfil 
dnusoldal de luminance. 

Figure 7 : Acuite vinuelle ei Fonnion de Sensibilite au 
contraste. 

Si la "formation de Fourier est t e s  inthssante pour 
co-tre le contenu fr&quentiel dune image, elle ne pffmet 
aucunement de localiser une fequence ou un element 
pdcul ier  dam rimage. Or ceue infamation de structure d m  

respace est essentielle pour la representarion dune forme. 
D'autres o p e "  ant et6 proposes. On peut citer celui 

de GABOR. couramment utilis6 il y a quelques annees en 
psychophysique. I1 s'agit eu quelque sme  dun opbteur  de 
Fourier 3. fen@tre bornhe. Linconvenient est la fen@= fixe, 
invariable. quelle que soir la fwuence spatiale andysee, basse 
ou elevee. 

Recemment la transformarion par ondeleues a ete 
pmposee pour analyser des signaux dans des domaines varies: 
geophysique (Morlet), acoustique (Grorrmann). Dnval- 
Destin et Menu Vont applique P la vision. Par rappon P la 
fonction de Gabor, la fen@= danalyse est variable avec la 
fequence sparide: elle esf &mite  pour une fi.equence aeve, 

large pour une plus base  fquence .  Lint&& majeur de ce 
type de u;msfnmation est manifestement de pouvoir localiser 
un &l&nent dune I q e u r  d a d e  d a m  une image. De plus la 
forme des andeleues utiliskes peut @tre tout P fait en accord 
avec la  forme des champs recepteurs de cellules 
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ganglionoaires. On peut m h e  avec des formes specifiques et 
des orientations specifiques de ces ondelettes 'detects des 
elements d'orientation donnee (obliques..). 

Les o@~ations diffgentes pouvant @ve execut4es sur les 
images sont representees sur la figure 8. FJle indique les 
diffgences essentielles existaut sur un plan mathematique 
enve les tmis o p h l e m .  

Figure 8 : D i f f h n m  enme opweur  de Fourier, Gabor et 
Ondelerres 

ll est possible de definir une mevique de la stimulation 
visuelle, parfaitemenf adapt& aux premiers &ages de la 

fonction visuelle. Cest un premier pan. C'est le seul qui 
assure une calibration de I'image d'entree d m  le systeme 
visuel. I1 est indispensable dutiliser une telle metrique, 
equivalent dans le domaine spatial de  ce que 1.8 C.I.E. a 

propose il y a quelques annees pour la photocolorinieuie. 

Ce domaine est particulierement important en 
agonautique et tout particuti6remenf Ion de mauvaises 
Conditions meteurologiques ou Ian de htilisation (de systemes 
de suppleance & la vision n o m e  (FLIR, Jumellss de Vidon 
Nocturne) 

5-2 Structure temporelle: 
Une demarche tres voisine avait et6 appliquee 

&encement au domaine temporel depuis les crwaux de De 
Lange (1958). 

Si Kon effenue une decomposition temporelle de la 
simulation vimelle, diEhntes &emelit& existent 
-Quad le temps dexposition & deux niveaux de luminance 
Ws d i f f h t s  (avec un comme important, maximum eave 

les deux plages) est long, visuellement il exine une a l t ~ n a n c e  

e m  une plage claire et une plage plus sombre. 
-Si le temps d'exposition eist m c c o d ,  un papilottement (ou 

flick-) eave les deux plages se manifeste. 
-@and les temps sont Ws coulfs. en dessous d'une cerraine 
limite. le papillotement dispa-a.fr et la plage appardt unifome, 
stable. On a aDeint la fr$uence critique de fusion des deux 
plages pour ces niveaux de luminances initiaux. 

Les premihs  etudes ant 6t4 menees avec un contmue de 
luminance maximum e m e  les deux plages (De Lange). Des 

etudes plus recenter ont teste non seulement I'ianuence de la 
fr$uence temporelle main aussi du comaste. Les r~sultats 
sont aimi tout d fait comparables pour le domaine temporel & 

ce que nous avons preseiue auparavmt dans le domaine 
spatial. les cycles par dege dangle visuel sent remplaces par 
des cycles par seconde ou Heitz (figure 9). Ces conditions et 
ces diff&rents seuils som d prendre en compte lors de la 

definition de systeme d'aide d la perception (afin qu'ils soient 
percus comme stables et non pas en papillotement). U faut 
n o m  egalement que cette sendbilite temporelle, comme la 
sendbilite spatiale evolue en fonction de nombreux factem 
( i m e m  lumineuse, excentticit4 de @sentation.. ). 

M q w n ~ m o P E  - 
Figure 9 : Sensibilite temporelle (dapres Kelly 1961) 

5-3 Structure spatiotemporelle: 
Dam les paragraphes precedents, chacune des 

dimensions etait isolee. Or dm les images les deux elements 
evoluent parallelement ce qui introduit la notion de 
mouvemem. 

La sensibitite de I'oeil aux mouvemenfs n'est pas la 
somme des sensibilites spatiale et temporelle. Les 
caractetistiques du mouvement en lui-m&me sont des Wments 

analyses par le systeme visuel. Bonnet (1984) a propose un 

http://dispa-a.fr
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modele psychophysique de la perception du mouvement. I! est 
bas6 sur rexistace de deux systemes: I'un analyseur de 
mobilit6 prenant en compte le parametre vitesse, rautre 
analyseur de deplacement tenmt compte de la position. Le r6le 
de I'un et de I'auue est variable en fonction de I'excentricitk 
retinienne (le systeme analyseur de d6placement est 
predominant en vision centrale; le systeme analyseur de 
mouvement est prepondffaot en vision peripherique). 

Conclusions: 
Voler la nuit implique de bien connaitre les 

carac&niques d e n t r e  d a m  le syysteme visuel pow pouvou 
optimiser le fonctionnement de ce +me. Il faut en comaitre 
les aspects physiques et d6fifinir le plus pdcisbment possible ce 

qui p6n6M. Si des comaissances sur I'intenrit6 lumineuse, 
sur les coulenrs ont ete normalisees depuis de nombreuses 
aanees, il est absalument essentiel de prendre en compte 
I'argaoisation de la l u m i h  dans respace et dans le temps. 
Ceue action passe par une meilleure connaissance des 
mecanismes d'analyse par le systeme vimel lni-m@me, mais 
aussi par une evaluation la plus precise possible de rimage, 
les techniques d'analyse et de traitement d'images en 
constituant la base. La description des formes ne doit plus ?We 

limitee A "ne verbalisation du contenu mais elle passe 
necessairement par une quantification de la structure 
spatiotemporelle. 
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PERCEPTION IN FLIGHT: SHAPE AND MOTION PERCEPTION, SPACE PERCEPTION, 
SPATIAL ORIENTATION AND VISUAL VESTIBULAR INTERACTION 

Herschel W. Leibowitz 
Pennsylvania state University 
University Park, PA, 16803, USA 

SUMMARY 
Differences between the normal 
terrestrial and the flight 
environment are described which 
may lead to perceptual errors in 
flight. Specific examples 
involving the perception of 
shape and height are discussed 
as they may relate to nighttime 
landing accidents. The possible 
role of misperceived risk is 
suggested as a contributing 
factor. The mechanisms subserv- 
ing motion perception and gaze 
stability are outlined briefly 
as the basis for understanding 
false sensations, illusory 
motion, spatial disorientation, 
and motion sickness. It is 
suggested that an appropriate 
countermeasure to perceptual 
errors in the nighttime flight 
environment is to inform flight 
crews of the mechanisms and mode 
of operation of the perceptual 
systems involved as the basis 
for understand how they might 
misfunction. 

1 INTRODUCTION 
Our vercevtual systems are 
normally quite elficient. They 
provide information about our 
environment which subserves 
object recognition, locomotion 
and spatial orientation accu- 
rately under a wide range of 
environmental conditions and 
illumination levels, and when 
operating vehicles in the 
terrestrial environment. Howev- 
er, the flight environment 
presents many unique challenges 
to the perceptual system which 

may result in false sensations, 
illusions, spatial disorienta- 
tion or motion sickness. These 
difficulties stem from differ- 
ences between the normal terres- 
trial and the flight environ- 
ment. 

2 CUE REDUCTION 
In comparison with terrestrial 
vision, vision in aircraft is 
degraded or impoverished. For 
example, on earth a large number 
of cues are available which 
permit us to judge distance, 
depth, and shape (1). In flight, 
most of these cues are absent so 
that the accurate perception of 
these dimensions is extremely 
difficult. For example, during 
daytime landings, there are 
numerous cues to height, dis- 
tance, and shape available. 
Although they may be different 
in some respects from terrestri- 
al cues, pilots are able to 
learn to use them. At night, 
many of these cues may be absent 
particularly when approaching a 
landing strip over water or 
unilluminated terrain, e.g., a 
“dark holeat approach. 

3 VISUAL VESTIBULAR INTERACTION 
spatial orientation is a joint 
function o f  three interacting 
sensory systems; visual, vesti- 
bular, and somatosensory (2). 
These systems also serve the 
critical function of gaze 
stability, the compensatory 
movements of the eyes which 
maintain a stable retinal image 
during head movement. However, 
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passive motion in a closed 
compartment such as a cockpit 
results in a pattern of stimula- 
tion different from that normal- 
ly encountered in the terrestri- 
al environment. For example, 
when the head moves to the 
right, the eyes must move to the 
left in order to preserve 
fixation. This compensatory 
movement is generated concur- 
rently by visual (nystagmus) 
and vestibular (vestibulo- 
ocular) reflexes both of which 
initiate movement of the eyes in 
a direction opposite to head 
motion. However, in a closed 
compartment such as an aircraft 
cockpit, these reflexes produce 
signals in opposite directions. 
Head movement to the right will 
result in a vestibular signal to 
move the eyes to the left, but 
the visual signal will be to the 
right, in the direction of the 
motion of the visual contours. 
This incompatibility between 
visual and vestibular signals, 
referred to as visual-vestibular 
mismatch, is a prime cause of 
spatial disorientation and 
motion sickness. Sensory mis- 
match can occur in any closed 
compartment which is in motion, 
including ships and automobiles, 
but the problem is exacerbated 
in flight because of the higher 
level of activation of th,e 
vestibular system. 

There are two techniques €or 
ameliorating undesirable (affects 
of the flight environment on 
perception. The classical 
approach of the human factors 
engineer when perceptual :systems 
misfunction is to "remove the 
human from loop" and assign the 
task to automatic equipment. A 
well-known example is the false 
sensations produced by the 
vestibular system in flight. 
Pilots are of course trained to 
rely on their instruments for 

information regarding attitude, 
altitude, speed, rate of climb, 
etc., and to i.gnore sensations 
of body position and movement 
( 3 ) .  However, some segments of 
the flight nec:essarily involve 
human perception and these 
judgments may at times be 
inaccurate. In these cases, the 
best antidote is to apprise 
pilots of possible perceptual 
errors so that. appropriate 
compensatory measures can be 
taken. It has been said that "It 
is not the devil we know but the 
devil we do not know who causes 
difficulties" . Unfortunately, we 
are not always aware when our 
perceptual systems misfunction. 
One objective of this essay is 
to apprise pilots of potential 
perceptual errors so that 
appropriate countermeasures may 
be taken. 

4 SHAPE PERCEPTION 
The retinal image of objects 
corresponds to the true shape 
only when the line of sight 
between the eye and the object 
is 90 degrees. For any other 
angle of observation, the 
retinal image is systematically 
distorted. Circles are imaged as 
ellipses, squares and rectangles 
as trapezoids, etc. In spite of 
this retinal image distortion, 
we generally perceive shape 
correctly. The process by which 
the perceptual system compen- 
sates for retinal image distor- 
tion resulting from slant is 
referred to as shape "con- 
stancy". A necessary condition 
for shape constancy is apprecia- 
tion of the slant or slope of 
the object or the surface on 
which it rests. The relevant 
information is provided by 
surface texture and other cues 
subserving depth and distance 
perception. In effect, the 
perceptual system "takes into 
account" the slant of the object 



3-3 

and automatically corrects for 
retinal image distortion. 

In the flight environment, the 
relevant cues may be missing or 
degraded. When viewed from high 
altitudes, surface texture as 
welP as other cues to depth are 
significantly reduced. However, 
at night, particularly during a 
"dark hole" approach, they are 
effectively eliminated. consider 
for example a runway on sloping 
terrain. During daylight in 
clear weather, the slope is 
readily apparent, However, at 
night, or under conditions of 
poor visibility, only the runway 
lights may be visible. This in 
turn can result in misestimation 
of height and lead to landing 
short or landing long accidents. 

Conrad Kraft illustrates this 
problem by asking us to imagine 
that we are approaching a runway 
and viewing it from different 
altitudes ( 4 ) .  At high altitudes 
the runway lights appear paral- 
lel or close to parallel, but as 
altitude is reduced, the lights 
at the far end of the runway 
appear to converge. During 
approach under impoverished 
conditions, apparent convergence 
serves as a cue to height. 
However, if the terrain is 
sloped downward toward the 
observer, the apparent conver- 
gence is reduced and conversely, 
if the terrain is sloped away 
from the approaching aircraft, 
the convergence will be exagger- 
ated. Kraft has presented 
evidence that for nighttime 
approaches, landing short and 
landing long accidents are 
related systematically to the 
slope of the terrain ( 4 ) .  

5 DISTANCE AND HEIGHT 
PERCEPTION 

Analogous to shape perception, 
many of the cues subserving size 

and distance perception in the 
terrestrial environment are 
reduced or eliminated during 
flight. Normally, a large number 
of cues are available such as 
the convergence of the eyes, 
perspective, monocular parallax, 
stereoscopic depth, etc (1). At 
altitude, the principal remain- 
ing cue is familiar size. We 
know how large a specific object 
appears and utilize the extent 
of its apparent diminution as 
the basis for estimating dis- 
tance. A necessary prerequisite 
for the use of this cue is 
correct identification and 
familiarity with the other 
aircraft in question. 

In spite of the paucity of cues, 
experienced pilots can estimate 
altitude accurately during 
daylight. However, at night when 
approaching an airport over a 
dark area, heights are generally 
overestimated. This in turn can 
lead to approaches that are too 
low. Kraft has presented evi- 
dence that this illusion of 
height during a dark hole 
approach was responsible for a 
number of accidents involving 
the newly introduced Boeing 727. 
Reliance on our perceptual 
system is at times essentially 
automatic and justifiably so. 
Automatic information processing 
permits us to utilize our 
limited conscious capacity for 
the perception and recognition 
of critical objects and events, 
and frees us from the burden of 
paying attention to routine or 
less important inputs. If our 
perceptual systems were not 
accurate most of the time we 
would be well advised to elimi- 
nate their inputs by shutting 
our eyes or blocking our ear 
canals. Fortunately, this is not 
the case. With few exceptions, 
our perceptual system provides 
us with accurate information 
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and, particularly for spatial 
orientation, does so with very 
little effort or awarenests on 
our part ( 3 )  . For these reasons, 
it is essential that we take 
special measures to apprise 
ourselves of situations iin which 
we can be misled by errors in 
perception. On both a theoreti- 
cal as well as an empirical 
basis, it is clear that s.ize, 
distance, depth, and shape 
perception are subject to 
systematic errors in the :Elight 
environment, particularly at 
night. In common with all 
illusions, we are not normally 
directly aware of these eicrors. 
In cases in which perceptions 
may be inaccurate, pilots should 
be advised to rely on otht- =r more 
reliable sources of information. 

6 “DARK HOLE ACCIDENCW 
THE RESEARCH OF CONRAD ](RAFT 

A dramatic example is provided 
by the nighttime landing acci- 
dents with the Boeing 727 when 
it was first introduced into 
service in the late 1960‘s. 
Investigation of the accidents 
did not suggest any reason to 
suspect mechanical, instrumenta- 
tion, or structural failure. 
Conrad L .  Kraft, at that time 
the chief human factors engineer 
for the Boeing Company, noted 
striking similarities among the 
accidents: They all involved 
landing short at night under 
clear visibility (VFR) condi- 
tions, and the approach to the 
runway was over a dark area, 
either water or unilluminated 
terrain ( 4 ) .  Utilizing a flight 
simulator which did not have an 
altimeter, he asked experienced 
pilots to fly an approach and to 
estimate their altitude verbally 
during a simulated nightti-me 
landing. Even these highly 
skilled pilots (mostly instruc- 
tors from the Boeing flight 
staff) , systematically overesti- 

mated their altitudes. He then 
asked them to fly a typical 
approach from 10,000 feet. The 
results indicated that these 
experienced pilots thought they 
were higher than was actually 
the case. As a consequence of 
the visual overestimation of 
altitude, they flew below the 
intended flight path. Under 
these special conditions, 
nighttime, clear weather and 
approach over dark terrain, 
pilots may overestimate altitude 
and tend to fly too low. Kraft 
documented a number of reports, 
not only of accidents but of 
“near misses”, under these 
special conditions. He also 
presented evidence from both 
surveys and simulators studies 
that the probltem is exacerbated 
when, as predioted theoretical- 
ly, the runway is not level. 

7 MISESTIMATED RISK 
These data should raise a 
question in the mind of the 
reader. Pilots are well aware of 
the danger of €lying too low. As 
a pilot explained, “NO one wants 
to set the record for low 
altitude flying! I!. Why then 
would pilots fail to monitor 
their altimetexs during ap- 
proach? A possible answer is 
related to the fact that landing 
is one of the most demanding 
tasks faced by a pilot. Informa- 
tion must be absorbed at a rapid 
rate and processed quickly. In 
view of these multiple demands, 
pilots may assign a lower 
priority to tasks which have a 
low estimated risk. Stated 
differently, pilots must monitor 
airspeed, follow instructions 
from the tower,, look out for 
other aircraft,, etc. In view of 
these multiple responsibilities, 
they may assign a lower priority 
to those tasks about which they 
feel confident such as height 
estimation. As a result, they 
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either check the altimeter less 
frequently or fail to monitor it 
if they feel that their visual 
estimates of altitude are 
correct. When faced with multi- 
ple demands, we typically set 
priorities and direct our 
attention to those events which 
we assume pose the greatest 
immediate threat under the 
circumstances (5). 

The idea of a hierarchy of 
perceived risks is not limited 
to nighttime landings. Indeed, 
many transportation mishaps, 
(and probably many non-transpor- 
tation accidents as well) can be 
interpreted in terms of misesti- 
mated risk. An effective coun- 
termeasure is to analyze the 
mechanisms involved and to alert 
those involved when their 
judgments are liable to result 
in unjustified underestimation 
of a risky situation. 

With respect to the phenomenon 
of the overestimation of alti- 
tude during dark hole approach- 
es, the mechanism of the height 
estimation error is not well 
understood. Distance estimates 
for ranges beyond a few meters 
depend on the complexity of 
environmental depth and distance 
cues. In a dark hole approach 
most of the cues available 
during the daytime are absent so 
it is not surprising that height 
judgments are in error. However, 
it is not clear why the error 
should be in the direction of 
overestimation. The problem 
remains a challenge for percep- 
tual researchers. Suffice it to 
say that pilots should be aware 
of this systematic error and 
rely on their instruments during 
night visual approaches. 

8 ILLUSIONS OF MOTION AND THE 
EFFERENT SIGNAL 

The great 19th century scien- 
tist, Hermann von Helmholtz, has 
said that illusions or errors of 
perception are the result of the 
misapplication of normal percep- 
tual mechanisms. The flight 
environment differs in many 
respects from the terrestrial 
environment in which we evolved 
and, even for the most experi- 
enced pilots, have spent the 
majority of our lives. As a 
result, in flight we are partic- 
ularly susceptible to perceptual 
errors. 

A technique for achieving an 
appreciation of perceptual 
errors is to first understand 
the basic mechanisms of percep- 
tion. This, in turn, facilitates 
the understanding of situations 
in which we may be misinformed 
or misled by our perceptual 
system. 

As a prime example, consider the 
implications of the development 
of the fovea in primates. Except 
for the detection of very dim 
stimuli, all visual and percep- 
tual functions are optimized by 
foveal fixation. This includes 
visual acuity, contrast sensi- 
tivity, color perception, 
motion, stereoscopic depth and, 
if allowance are made for the 
size of the the area stimulated, 
spatial orientation. As a 
result, we have developed 
elaborate visual motor mecha- 
nisms for imaging objects of 
interest on the fovea. This 
includes both voluntary and 
involuntary eye movements. With 
the head stationary and while 
viewing moving objects such as a 
bird or plane, we move the eyes 
smoothly at the same rate as the 
object of interest so that the 
image remains on the fovea ( 6 ) .  
If we are successful, the 
retinal image is stationary. HOW 
then do we correctly perceive 
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the motion of moving objects? 
The answer is that the effort 
required to move the eyes 
smoothly generates an efferent 
signal which imparts motion to 
the fixated object. In effect, 
the motion comes not from the 
movement of the retinal image 
but from the effort required to 
maintain foveal fixation by 
means of a smooth voluntary eye 
movement. 

9 GAZE STABILITY 
When our eyes are moved passive- 
ly such as when turning our 
heads, walking, or when trans- 
ported in a moving vehicle, 
involuntary mechanisms serve to 
maintain the stability of the 
retinal image. If this were not 
the case, every passive movement 
of the body would result in a 
blurred retinal image and 
degradation of vision both as a 
result of blur as well as 
non-foveal fixation. The two 
involuntary gaze stability 
mechanisms, one visual an5 the 
other vestibular (described 
above), reflexively move the 
eyes so as to compensate for 
head movement. For example when 
we walk our heads bounce up and 
down. As a result of the gaze 
stability reflexes, the eyes 
move in the opposite direction. 
As a result, the retinal image 
remains on the same area of the 
retina, and the perception of 
the world remains stable iInd 
clear. 

There are times, however, when 
these marvelous mechanism can 
result in false sensations. 
Consider a pilot at night 
viewing a small bright ob:ject 
such as a star, a navigation 
light from another aircraft or 
ship at sea, or an isolated 
light on the ground. If the head 
is accelerated by motion of the 
plane, the vestibulo-ocular 

reflex is stimulated to compen- 
sate for head movement and 
reflexively moves the eyes in 
the opposite direction. If 
allowed to manifest itself, this 
eye movement would result in a 
loss of foveal. fixation. To 
maintain fixation on the fovea, 
the voluntary smooth eye move- 
ment systam is; activated to 
suppress the vestibuio-ocular 
reflex. However, any activation 
of the smooth eye movement 
system also produces an efferent 
signal which imparts, in this 
case illusory, motion to the 
fixated object. Thus, the 
objectively stationary fixated 
object appears to move 
(oculogyral illusion). This 
induced motion is indistinguish- 
able from from real motion. If 
one is not aware of this illuso- 
ry mechanism, one can inadver- 
tently assume that a stationary 
object is in fact in motion. It 
is often important to determine 
whether a fixated light is a 
star, ground light, or another 
aircraft. Illusory motion of the 
fixated object can contribute to 
an incorrect decision. 

Literally dozens of illusions 
can result from voluntary 
suppression of reflex compensa- 
tory eye movements (5). Most of 
them occur in impoverished 
situations when visual cues have 
been reduced such as during 
night observations. The reason 
is that when visual cues are 
present, the requirement to 
oppose reflexive eye movement by 
activation of .the voluntary (and 
efference copy coupled) system 
is reduced. However, at night 
and particularly when subjected 
to acceleration forces, we are 
particularly siisceptible to 
efferent copy related illusory 
motion ( 6 ) .  
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Illusory motion of an isolated 
light can occur in the absence 
of gaze stability or voluntary 
eye movement. A small light 
viewed in an otherwise dark 
environment appears to move 
erratically after a few seconds 
This phenomenon, know as 
autokinesis (self-movement), is 
probably responsible for some 
reports of unidentified flying 
objects. 

The "take home" message from the 
relation between perceptual 
fidelity and cue reduction is 
that reduction or elimination of 
normal cues, whether produced by 
fog or darkness, is a fertile 
condition for a number of 
illusions and misjudgements. In 
the flight environment these 
possibilities are significantly 
exacerbated not only because of 
the cue impoverishment, but also 
as a result of the intimate 
relationship between the visual 
and vestibular subsystems. 

10 SPATIAL DISORIENTATION AND 
MOTION SICKNESS 

Gaze stabilitv mechanisms have a 
high priority- in the hierarchy 
of perceptual mechanisms. 
Without gaze stability, the 
exquisite properties of the 
fovea would be rendered useless 
whenever the head is in motion. 
Similarly, the stability of the 
visual world would be seriously 
compromised and spatial orienta- 
tion would be degraded or 
destroyed. The reflex mechanisms 
supporting gaze stability are 
deeply rooted in the evolution- 
ary history of the species and 
normally operate without aware- 
ness. As a consequence, inter- 
ference with gaze stability 
processes can have undesirable 
consequences. As described 
above, passive motion in an en- 
closed compartment results in 
incompatible reflex stimuli to 

the eyes. When an an airplane 
banks to the right, the 
vestibulo-ocular reflex initi- 
ates a "turn eyes left" signal 
while the visual stimuli in the 
cockpit initiate a movement in 
the opposite direction. This 
state of incompatible gaze 
stability is referred to as a 
mismatch or a sensory mismatch 
(7). These effects do not occur 
when stimuli outside of the 
compartment are visible as these 
elicit eye movements which are 
compatible with those arising 
from the vestibular system. 
There are two consequences of 
sensory mismatch, spatial 
disorientation and motion 
sickness. Many pilots have 
reported a sense of disorienta- 
tion when flying under instru- 
ment conditions ( 8 ) .  Frequently, 
the disoriented pilot can 
request the copilot to take over 
until the disorientation passes. 
In single pilot aircraft, the 
problem is potentially more 
serious. One obvious solution is 
to make an attempt to observe 
the ground outside the aircraft 
so that the visual and 
vestibular reflexes are compati- 
ble. An experienced test pilot 
related an experience in which 
he became seriously disoriented 
at high altitude. He asked the 
tower operator the height of the 
cloud cover and allowed the 
plane to spin until the ground 
was again visible. At that point 
his disorientation ceased and he 
was able to complete the flight 
successfully. 

A possible technique for pre- 
venting or reducing spatial 
disorientation is to introduce 
stimuli into the cockpit which 
are compatible with the 
vestibulo-ocular reflex, i.e., 
move in the opposite direction 
to head motion. In a standard 
cockpit, the only stimulus which 
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normally satisfies this require- 
ment is the attitude indicator. 
This of course represents a 
minor portion of the visual 
field-the majority of stimuli in 
the cockpit induce reflexive eye 
movements incompatible with the 
vestibular reflexes. Malcolm has 
invented a device (9), referred 
to as the Malcolm Horizon or the 
Peripheral Vision Horizon 
Display (PVHD) (lo), which 
projects a large artificial 
horizon on the instrument panel 
by means of a laser generated 
strip of light. This artificial 
horizon is always parallel to 
the earth, moves opposite to the 
pilot's head movements, and 
should serve to reduce spatial 
disorientation by increasing the 
percentage of the visual field 
which is compatible with the 
vestibular reflexes and reducing 
the mismatch between the visual 
and vestibular signals. 

Visual-vestibular mismatch 
induced spatial disorientation 
and motion sickness can occur in 
flight simulators as well. In a 
fixed base simulator, the normal 
vestibular cues are absent so 
that the pilot is exposed to a 
different pattern of vestibular 
and visual stimuli from that 
which obtains in the flight 
environment. This phenomenon, 
know as "simulator sickness", 
can produce disorientation and 
motion sickness symptoms not 
only in the simulator but also 
for some time afterwards (11). 
As would be expected, the more 
flight experience the greater 
the possibility of simulator 
sickness. Fortunately, exposure 
to altered visual-vestibul-ar 
inputs leads with time to 
adaptation. One learns a new 
pattern of interaction so that 
previously mismatched stimuli 
become the norm. The undesirable 
effects of mismatch are most 

acute when the individual is 
first exposed to an altered 
pattern of inputs. A dramatic 
example is in space where many 
astronauts exh.ibit these symp- 
toms when first exposed to an 
altered gravj-tational field. 
With time, the symptoms subside 
only to reappear when the 
individual returns to a normal 
gravitational field. We have 
much to learn about spatial 
disorientation and motion 
sickness, but it is encouraging 
that the mismatch theory, while 
not relevant to all phenomena, 
does hage wide applicability. 
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text on perception is Sekuler, 
R., and Blake, R., ItPerception", 
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Les images mentales 
R e d  Amalberti 
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Mots clb: vision de nuit, representation mentale, Key words: night vision, mental representation, 
image mentale, processus cognitif. mental image, cognitive process. 

Resume : Le concept $>,image mentale,, est paradoxale- 
ment.peu lie aux activies perceptives visuelles. I1 reBve 
plutst du domaine de. larepresentation mentale, et h ce titre, 
s'inscrit totalement dans le champs de la psychologie 
cognitive (&tude des processus de raisonnements et de 
reprbentation pour conduire et agir sur le monde environ- 
nant). Ce domaine etant relativement nouveau pour la 
majorit6 des auditeurs du cours, une prkentation didacti- 
que des concepts de base est proposk. On consrmit pro- 
gressivement un mod&le cadre des activites intellectuelles 
en partant des processus de m h o i r e  pour remonter jus- 
qu'aux processus de representations mentales. On d6crit 
par la suite les differentes qualit& o m t i v e s  de la repre- 
sentation mentale (laconisme, deformation, finalisation), 
son double codage verbal et image, son lien avec la 
perception pour I'elaboration de l'activitk. Un demier 
chapitredhit commentce mod&leg&neral de larepr6sen- 
tation mentale, et plus particulikrement de la reprkenta- 
tion imagk, est impliqu6 dans le vol de nuit et peut 
expliquer les difficult& rencontrks dans cette activit6. 
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Abstract : Theconcept of cmental image,, is paradoxical- 
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0- INTRODUCTION 

~ a c t i v i ~ s d e p i l o t a g e s o n t  &dependantesdela 
vision. Mais cette fonction n’est qu’un outil ,au service du 
cerveau,garantissantlaremontd’~forma~onsdumonde 
ex~,.ieur par un p,.ivaigi& non e,:clusi~, pour 
servir I’klaboration de raisonnements, de ,d&isions, et 
d‘actions. 

sentation du monde sur lequel travaille le cerveau n’estpas 
une copieconformedurkel; elleestactivement klabork ?i 

P h  des COnnaiSsanCa du sujer peut servir autant ?i 
comprendre la situation pksente qu’h anticiper les 6volu- 
tions de ce monde. Son support est souvent considkr6 
Comme double, skmantiqueet imagk, les images mentales 
constituant justement la partie imagk de ce mcdble men- 

Un modblesimpliste, typiquement nbomm-ups (la 
construction de la repdsentation provient de la percep- 
tion), pourrait faire croire que le cerveau wvaille sur une 
copie d‘un monde ~ ~ V U B  par les yeux, copie c m e  filtrante 
mais assez repr6sentative de ce monde. Danir ce cadre, la 
perceptionpktderait larepn%ntation du mondeetl’image 
mentale pourrait &me une xcopie de travail>> du monde. Le 
cerveauserait alorsavant tout une mkcanique,detraitement 
des informations ainsi obtenues. On retrouve ce type de 
conceptdansdes mcdblespipe-linedesactivilds depriseet 
de traitementde I’information developfis par la thhne  de 
I’information dans les ann& 50 (fig I). 

tal. 

Cecoursestorganis6entrois sections: lapremihe 
sectiondkcrit un mcd&leg6nkralde lapriseetde traitement 
de l’information &clair6 par les connaissances rkentes de 
la psychologie cognitive:, intrcduisant plus particulibre- 
ment les notions de m6moire et de reprksentation mentale; 
la seconde partie explique plus prkcishent les notions de 
reprbentations mentales, particulibrement les notions de 
reprbentations imagks, leurpropri6t6set leurusage dans 
la conduite de systbmes. Enfin, la troisibme partie dkve- 
loppelesapplicationsdecesconceptsh laconduitedenuit 

MECANISMES 

d’ effection 

Figure 1 : une vue classique, slructuraliste, du cerveau considtrt coinme un syst?” de 
prise et de traitement de I’infoimation. Ce type de schema Clabort dans les a n n k s  50, 
suggbre fortement un traitemeni. bottom-up allant des donnks perper; aux raisonnements 
sur ces donntes, puis conduisant finalement aux actions. Cette vue est largement remise 
en cause par les Ctudes de psychlologie cognitive des vingt dcmikres annkes. 

Mais les &des rkcentes moment que ce schima 
est rbolument inexact. des aeronefs. 

Les appom des sciences cognitives &ms les vingt 
demibresannks suggbrentque le processus intellectuelde 
conduite d’un syst?“ repose sur un traitement essentiel- 
lement <<top-down <( (la construction de la representation 

1- VERS UN MODEILE SIMPLIFIi? DES A C T M -  

MATION 
T~SDEPRISEETDETRAITEMENTDELWFOR- 

provient de la mtmoire). Les informations traitks par le 
cerveau pour interagir avec le monde provimnent pour 

1-1 De la psychologie des comportements a la psychn- 
logie cognitive el aux images mentales 
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(sous-entendu 1’Homme Universe1 pour ce qu’il possue 
d‘invariantsparopposition aux diff6rences individuelles). 
A ce titre, cette psychologie exfirimentale se distingue 
radicalement de la psychologie clinique, cent& sur la 
description delapersonnalitk affectivo-motivationnellede 
cet Homme et des d6sordres kventuels qui y sont associh. 

La psychologie exp6rimentale s’inscrit dans le 
prolongement des &tudes sur la pens& qui remontent ?i la 
plus haute antiquit&, au temps ob rkthorique, logique et 
linguistique 6taient des disciplines confondues. 

Son histoire propre, bien que r h n t e  est d6ji trh 
mouvementk. 

Alafin dusikledemier, lapsychologiepr6senteen 
effet trois tendances : une premikre tendance est directe- 
ment d6rivk de la physiologie, centrk sur la mesure des 
performances humaines, particulikfement sensorielles. De 
lhnaitrontles loisdelapsycho-physiques dessensationsde 
Fechner, de Weber, puis tonte la psychophysique modeme 
qui sera r k n f i r k  et appliquk aux cockpits par le biais de 
l’ergonomie des interfaces. Une seconde tendance,radica- 
lement diffkrente, s’int6resse aux mkanismes des 
raisonnements (i.e. Wundt) avec des mdthodes basks sur 
I’introspection qui vont Stre rapidement trks critiquks 
(l’introspection consiste iraisonner sur des donnks issues 
de la propre exp6rience du chercheur qui s’koute et 
s’observe pendant ses propres activies). Un troisikme 
courant, intermaiaire s’ineresse aux differences inter- 
individuelles, etnotammentil’intelligenceen s’appuyant 
tant6t sur des kpreuves psycho-physiques (i.e.Galton), 
tant6t sur des epreuves plus toum6es vers le raisonnement 
et les connaissances des sujets (Le Binet). 

Au debut du siecle, la psychologie comportemen- 
tale s’impose en rhction aux mkthodes des psychologues 
pratiquantl’introspection. Watson (1913)combat das&rie 
de questions spkulatives impossibles ?i soumettre ?i un 
traitement exfinmental et dans lequel la psychologie 
humaine s’estlaisskenfermer>>. Lesetudes surlesraison- 
nements et sur la representation mentale, trait6es de 
<<psychologisme>> s’arrktent brutalement. On 6tudie alors 
pendant un demi-sikle, particulihement aux Etats-Unis, 
les rkponses des individus i d e s  changements de la situa- 
tions (modkles S-R) en se gardant de faire des inferences 
sur la modelisation des processus intemes du cerveau. 
Quelquespsychologues continuentcependantdans lavoie 
d‘une meilleure connaissance des processus de p e d e  : 
Piaget, en Suisse et en France, les Gestaltistes aux Etats- 
Unis. 

En 1950unepremikrer6volutionatteint IeKhavio- 
r ime  i travers lathbriede l’information, lametaphoredu 

cerveau-ordinateur consid6r6 comme un svstkme mkani- 

formatique se rapproche de la psychologie en foumissant 
les premiers modkles cybemetiques de contr6le. On com- 
mence ?i s’intkresser ?i un modkle de fonctionnement du 
cerveau, encore uks upipe-line, (voir fig 1) et t&s structu- 
re1 (on individualise clairement des structures ou compo- 
santes : capteurs sensoriels, m6moires. modes d‘actions, 
avec quelques processus g6nkraux r6gulant ces structures, 
i.e.: l’attention). On dkrit  les capacitks et limites quanti- 
tativesdecesyst&me,enutilisantlesconceptsdechargede 
travail, de ressources disponibles et de flux d‘informa- 
tions. Ceue description connail de nombreuses applica- 
t ions,~ comprisde nosjours,dans lecourant ergonomique 
<<human-factors*> de conception des interfaces. 

Le veritable reveil de la psychologie des repr6se.n- 
tations apparait dans les annks 60 et surtout 70 avec le 
passage d‘une conception quantitative de I’information 
circulant dans le cerveau i une r6f6rence qualitative, cen- 
trk sur la manipulation de symboles porteurs de sens. 
L’ktude des structures est remplack par l’etude des fonc- 
tionnalitks. Les etudes sur la reprksentation se multiplient 
dans deux grandes directions : d‘une part l’6tude des 
remesentations Dermanentes du sens en m6moire ?i long 
terme et, d’autre part, I’etude des-entations circons- 
mtielles destinks ?iguideretr€guler les actionsdel’op& 
rateur humain dans un fiche particuIi&re. Les etudes sur la 
pens& imagk se d6veloppent rapidement dans ce demier 
cadre une fois d6barassks du carcan impos6 par les com- 
portementalistes sur la nkessitt? d‘une relation directe de 
la representation imagk ?i la perception. Lapendeimagk 
devient alors un produit parmi d‘autres de I’activit.5 sym- 
bolique du cerveau (Piaget & Inhelder, 1966, Paivio, 
1971). C’est typiquement cecourant derecherchesquisert 
I’ergonomie modeme dite <<ergonomic cognitive,, ici 
applique ?i la conduite de processus type conduite d‘&m 
nefs. 

1-2 De la memoire a la representation : un modkle 
simplifit? des activitk mentales 

we et l i m i t i d e ~  rise et de tra itement I’informatioa. L‘in- 

La figure 2 r h m e  I’ensemble de ce modkle simplifi6. 

1-2-1 Une description des structures 

Lesorganes sensoriels sont fortementlimitksdans 
leur fonctionnement. Ainsi, la vision est limitk ?i la fois ?i 
un petit spectre de radiations 6lecmo-magn6tique visibles 
(de longueurd‘onde compriseen 380 et 670 nano-mBtres) 



ORDRE DE MISSION 

aration et sklection d'un 
ressources 

Elaboration de la reprkntation 
mentale verbale et imagee par 

activation dun sch6ma-plan de 1 
memoire de travail 

Figure 2 : des potentialit& du systihne cognitif h I'exkution r6elle du travail. 
A la lecture de I'ordre de mission, le pilote pr6-active dans sa memoire a long-terme les 
connaissances (sch6mas procMuraux) qui serviront 2 la consauction du plan de vol. La mise en 
oeuwe de ce plan est fortement contrainte par les limitations instantam& du systkme cognitif. Un 
savoir-faire est d6veloppe pour g h p  cette limitation. La perception n'est plus l'6l6ment initiateur du 
modele du mod&le cognitif, mais au conlraire 1' 6l6ment terminal permettant le suivi de 
I'accomplissement de la repr6sentation mentale ainsi 6labork par le systhe cognitif. 

etpar la quantig de photons impactant les cellules senso- 
rielles (limitation particuli&rement sensible de nuit). 

La memoire h court terme est I'autre structure 
particulikrementlimitke. Ceuememoirecontient les infor- 
mations h analyser, jug& utiles B chaque inlstant par les 
centres suphiem du cerveau, et sur lesquelles poneront 
les raisonnements. Cette memoire apparait restreinte B 
7+-2 items interpretes. On entend par einterpreth des 
items faisant sens pour I'op6rateur par opposition B des 
potentiels d'action ou des groupes de potentiels d'action 
qui nhssitent encore des traitemeurs ou des co-occuren- 
ces pour devenir des informations symboliques. On con- 
coil que les milliards d'informations presentes dans I'uni- 
vers B chaque instant son1 rkduits A quelque:; milliers de 
dkharges de potentiels d'action elhentaires par nos 
capteurs sensoriels,qui eux m h e s  nkessitentd't%re tries 
etreconstitubsous formede 7+-2informatioinssignifian- 
tes par nos aires sensorielles et integratives h tout instant. 
Enbref,cettememoirehcourttermeestlimi~en tailleet 
en duke (quelques secondes). Le rMuctionnisme imps6 

par les limites du cerveau est ici extraordinairement illus- 
td. 

La mho i re  B long terme contient l'ensemble des 
connaissances et n'est pas limit& ni en taille, ni en diu&. 
Leproblkmeesticidestockerdes milliardsdeconnaiss- 
ces de fqon h les recouvlrir quand le cerveau en a besoin. 
On distinguec1assiqueme:nt deux types de connaissances : 
les connaissances dklaratives -ou t h h r i q u e s  qui 
dkrivent le monde et les lois de comportement de ce 
monde, et les connaissancm prockdmles-ou pra t iques  
qui permeuent d'agir sur ce monde. Richard (1983) parle 
de 4ogique de fouctionne"ntb> d'un syst?" (logique de 
I'ingenieur) par rapport B la dogique de I'utilisateum 
(moded'emploi) pourdistinguer lesm6mesconcept.s. Les 
connaissances prockdurales peuvent Etre de deux ordres : 
rkgles (si ... alors) ou schemas. Les rkgles sont surtout 
utili&s en resolution deproblkme quand le raisonnement 
doitproceder selon la demarche logiqueclassique. Dans la 
plupart des auues cas de la vie quotidienne et profession- 
nelle, la recherche de solutions plus simples et moins 
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consommatrices de charge de travail pousse I'o&ateur 
humain h utiliser des procklures pr€-consmites appelks 
schtmas. Ces procklures menrales dkriventde vtritables 
plans d'action (et de comprthension) pour des situations 
connues, des s&nesrelativementrtp€titives de laviecivile 
et professionnelle (Rumelhart, 1975). Ces plans sont for- 
m& avec l'habitude (avec I'entrainement) et permettent 
une ex&ution trh automati&. De fait, le plan correspond 
en gtntral ?I une hitrarchie de sch€mas plus ou moins 
sp&itits dans leur mise en oeuvre, allant des reprtsenta- 
tionshdominanceconceptuelles (i.e.: missiond'attaquede 
nuit) h des repkentations extrkmement procklurales (i.e. 
technique de masquage par le relief ). 

La figure 3 prtsente un exemple de plan schtmati- 
que. 

activit€ humaine, le pilote pr6-active une partie de sa 
mtmoire procklurale et la charge en memoire de "Jail: 
cette mtmoire est une astructure virtuelle,, ac&s rapide 
sur laquelle il travaillera pendant qu'il effectue son vol. 
Cette instance n'est pas limit& en taille mais ne dure que 
le temps de la ache . 

Leplan schtmatiquechargtdanscettemtmoirede 
travailestparticularistaux valeursducasparticulierdela 
missionarhliseret seprtsentealorscommeun hitrarchie 
de schtmas dhivant  la mission h difftrents niveaux 
d'abstractions et de mise en oeuvre (Rasmussen, 1976). 

Quand l'exkution commence, le premier schtma 
de mise en oeuvre est activt. I1 doit encore &e interprttt 
pour&treex~ut~concr~~ment(leplan n'estjamaisqu'une 
description qu'il €aut interpreter par des r2gles d'action, 

____~ 

MISSION D'ATTAQUE DE NUIT 

'""JCU". 

Utilisation du masque local de relief 
Mfenses etc 

Vtrifier la faisabilie gtntrale 
H e m  sur objectif 

distance 

Niveau de mise en 
oeuvre g6niriqUe 

Niveau de mise en 

I 
I Avion i! rkction. 

F16, Hmier, Rdde  > MEME PLAN oeuvre s&iti6 
pow un anon donnt 

Niveau de mise er 
oeuvre s+ifi6 
pour les systkmes 
embarqu6s 

EXAMINE AVEC UN 
NIVEAU VARIABLE 

DABSTT 
types de radar, eIc - CONCERN 

EN OEUVRl 

Niveau de mise er 

Savoir-faire oeuvre. s&ifi6 pour les 
wnnaissances pmpres de 
l ' o D 6 r a t e u r  I t > 

JI L'utilisation des syst8mes 

DIMENSI~N DE MISE EN OEUVRE 
(du plus abstrait au moins abstrait) 

Figure 3 : un plan shtmatique se prksente sous la forme d'une hikrarchie de repr&entations exsminables i diff6rents 
niveaux dabstraction. La parie suphieure du plan est racine m6morisk sous forme de schba  proc6dural. Le pilote 
fixe par suite les niveaux inf6ieurs du plan (choix de I'avion, choix des 6quipements. pdfkrences) lors de la pr6parZion 
du vol, et peut par la suite se sewu du planiun niveau variable de mise en oeuvre, lui permettant ainsi en permanence 
d'ajuster la richesse de la repreSentation i l'objectif r k l  du raisonnemeut pour hnomiser le maxi" de ressources. 

1.2-2 msstructures am representations fnnction- HOC, 1987). Ce schtma utilis€ h I'instant t est h la base de 
nelles et l'action la reprtsentation mentale circonstantielle de l'op6rateur. 

Norman(1983)etJohnson-Laird(1983)parlentdemcd6le Lors de la prtparation du vol, comme dans toute 
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mental pourdhignerce0erepr~ntation. Oclianine (188 1) 
parle de reprhntation op€ative et Leplat (1 985) parle de 
reprhentations fonctionnelles, mais tout ce.; < termessont 
finalement synonymes. Cette repr6sentation mentale ou 
modble mental guide et r6gule les activit6s de prise et de 
uaitement de l’information de I’op6rateur. contr6lant la 
m6moireicourt terme, etpar son intermediaire, ~ e s  infor- 
mations r&up€r&s dans le monde exthieur., Cette repre- 
sentation posdde des spkificit6s importantes : 

-elle est finalis&, orient& vers le but de la tiche 

-elle est dkformh et laconique, se ceintrant sur les 
aspects mal maiuis6e.s ou importants de la tiche a faire, 
simplifiant parfois outrageusement les aspects considdrks 
comme faciles. 

-elle est rhistante aux changements, l’op6rateur 
pr6f6rant garder des prddures  peu duectea mais qu’il 
connait bien, plut6t que de changer pour des :proc&dures i 
priori plus efficaces mais qu’il faut apprendri: i maitriser. 

L’activit6 perceptive consiste finalement, non pasi 
construire cette repr6sentation. mais au coritraire 2i &e 
guid& par cette reprhentation d6ja constniite, pour la 
confmeretattesterde saprogression lorsdu (d6roulement 
de la proc6dure. Ceci explique la trbs grand(: difficult6 ?I 
percevoir le8 informations qui ne sont pas attendues dans 
la proc6dure. surtout si cette demikre n’est pas remise en 
cause par les informations recup6rkes pour son suivi pro- 
pre. 

Lademikrenotion importanteiconsid6rerdanslaprdsen- 
tationdece modblesimplifi6est lanotion de limitations de 
ressources (Norman & Bobrow, 1975). Cetite limitation 
conn;lsteaveclagrandepotentialit6 formelle du systkme: 
nombre incalculable de connaissances stocl<€es notam- 
ment. En bref, le systkme est richement dog mais lent et 
surtout force a ”iller sur un tout petit secteur de cette 
richesse potentielle comme en t6moignent le; limitations 
de memoire i court terme ou de capacit6s de calcul. La 
logiqued‘un telmodbleconduiraitapenserquelepilotage 
est quasi-impossible, ce qui n’est 6videmment pas le cas. 
Les solutions pour que le systkme fonctionne !mnt de deux 
ordres : (i) d’une part un traitement diff6renci6 des infor- 
mations : lorsque la procedure est bien conniie, elle peut 
&tre exkccut& quasi-automatiquement, sans passer par la 
m6moire a court terme, et sans d6penser de ressources. 
Seuls les contr6les conscients sont plac6s en! m6moire i 
courtterme(Shiffrin & Schneider, 1977). (ii)l,’utilisation 
de strat6gies expertes. Toutes les activith du pilote, comme 
de tout humain dans des situations analogue;, sont tour- 
n h  vers l’kconomie de ressources afin de disposer d‘une 
capacit6 de rherve constante pennettant de s’adapter aux 

micro-variations delatiche(Rasmussen. 1986,Anderson, 
1985, Bainbridge, 1989). Le pilots expert simplifie ses 
contr6les (Valot et Amallxrti, 1989),et surtout anticipeen 
permanence pour ne pas &re d6bord6 par des situations 
inattendues, prdfirant parfois orienter le vol vers une 
situation incidentelle pur laquelle il posse une dponse 
toute pr&te, plut6t que d‘affronter une situation inconnue 
(Amalberti & Dcblon, 1992). 
Lemodble global d’activit6 rksultantdeces contraintesest 
typiquement un modble de compromis risque I efticacit6. 
Le risque consenti, sur la base des m6ta-connaissances 
(connaissances du pilote sur ses propres capacit6s). est 
r6gl6 au mieux pour une performance acceptable, permet- 
tant I’atteinte du but. 

2- SP~CIFICIT~S DIES IMAGES MENTALES, 
RELATION A ILA PERCEPTION. 

Nous avons vu dans I’introduction que le concept 
d‘image mentale etait peiu li6 aux activith perceptives. II 
existe cependanl quelques types d’images typiquement 
perceptives qu’il faut bien differencier de lanotion d‘image 
mentale. On citera (i) lesimagesconskutives@ersistance 
momentan&d‘un6tat serisorielinduitparunstimulus bref 
et intense, aprks la disparition de celui-ci), (ii) les halluci- 
nations (perception sans objet), et (iii) les phknomknes de 
mkmoire transitoire visuelle (image conskutive de m6- 
moue aprbs prhentation tachitoscopique). Ces manisfes- 
tations perceptives ou nnnkmoniques sont trait& trh 
p6riphdriquement dans le systkme nerveux central; elles 
peuvent ponctuellemnt entraher des difficult& pour I’op6- 
rateur en Saturanl les recepteurs ou les premiers 6tages de 
traitement de l’information visuelle empkhant ainsi la 
r&up€ration d’auues informations plus pertinentes. C’est 
typiquement le cas de niiit avec des variations brutales 
d’intensit6 lumineuse daris le monde ext6rieurqui favori- 
sent lesph6nomknes d‘6blouissementetd‘apparition d‘ima- 
ges conskutives. 

Pour tout les autrescas, le concept d’image mentale 
est effectivemenr distinct de celui de la perception et 
directement Milanotion derepdsentationmentale.Trois 
thbses s’opposenl cependant pourexpliquer le vrai r6lede 
ces images (ces trois thPses sontreprise du livre de Denis, 
1979): 

Lapremikre thbse estformul& par Piaget maget et 
Inhelder, 1966) etparlesconstructivistes (Neisser (1967). 
Nosconnaissancessontcodtksdansiecerveausousforme 
symboliquepeu ac.cessible2i laconscienceetdoiventdonc 
Cue Uanscrites sous une formelisiblepour&treutilis6e.spar 
les processus mentaux sup6rieurs. L’activit6 d’imagerie 
permettrait alors de consuvire une repr6sentation type de 



ces connaissances sous forme imagk, repr6sentation qui 
serait alors consciente, inspectable et modifable par le jeu 
d'op6rations intellectuelles. On retrouve dans cette pers- 
pective les caractkristiques des modbles mentaux de John- 
son-Laird, bads  sur l'activation d'un exemple local cons- 
truit simplement pour se reprhenter concrbtement les 
d o n n h  formelles d'un problbme ou d'une proposition 
verbale: la repr6sentation dans ce cadre sert duectement la 
compr6hension du problbme. Cet aspect consuuctif de 
l'imagerie mentale a kt2 integrk par Hehb (1968) dans un 
modble neurophysiologique qui confire k la momcitk 
oculaire un r6le fondamental dans la constitution des 
ensembles cellulaires ineress5s par I'activit6 perceptive et 
l'activitk d'imagerie. Une fois construite, l'image p u t  
aussi8treinteractive avec lesprocessusperceptifset s'en- 
richir avec cette exp6rience perceptive. 

La deuxihe  th&e est propo& par Paivio (1971) 
qui prksenteune thhrie dite du <<double codage, soutenant 
I'existence dedeux modes de reprbentations s ymbolique, 
l'un de nature imagk, I'autre de nature verbale, conGus 
comme de sys&mes cognitifs interconnect& mais fonc- 
tionnellement distincts pouvant intervenir dans l'activite 
mn6moniqueetl'apprentissage. maisaussi danslesactivi- 
t& perceptives et intellectuelles. Dans ce cas, I'image 
serait un codage priviligik des objets concrbts alors que les 
concepts abstraits seraient pr6ferentiellement codes par le 
support verbal. Paiviodkritl'imaged'ohjetsoudescbnes 
concrbtes avec des atmhuts op6ratifs de deformation et de 
laconisme. I1 ne s'agit plus de l'inscription en memoire 
d'une copie du nkL ni de la simple interpr6tation d'une 
s5rie d' informations symboliques inaccessibles k la cons- 
cience comme dans le cas de Piaget, mais d'une vkritahle 
codage duect du monde mUi6 par l'exp6rience d'un pass5 
v k u  et agi. 

Une troisibme thbse proposk par F'ylyshyn (1973) 
est plus critique sur la notion m&me d'image. Pour cet 
auteur,l'imagen'estpas unobjetsurlequelop6reraientles 
processus perceptifs et intellectuels, elle est en est simple- 
ment le rbultat, une construction temporaire peu explica- 
tive mais plut6t descriptive. Cette thbse a cependant peu 
d'arguments dkisifs i faire valoir. 

Les exp6riences de Kosslyn (1975) sur les explora- 
tions des images visuelles (particulibrement la situation de 
I'ile au tresor) montrent que les deux premikres thbes 
pourraient &tre toutes les deux vraies, pointant ainsi les 
deux familles d'utilisation de l'image mentale : aide A la 
comprehension par exemplification de concept sous forme 
imagk (thbeconstructiviste) et aidekl'action par activa- 
tion de sches visuelles basks sur l'exp6rience v k u  mais 
d6formks op6rativement pour permettre une action cen- 

trk sur les points difficiles de la tiche A conduire (image 
comme partie active des modbles mentaux). 

Lemodbled'imagesmental appliqu6kI'&ronauti- 
que qui rhulte de ces approches est le suivant 

Lors de la pdparation du vol, le pilote s5lectionne 
en m6moire en long terme une hikrarchie de schkmas qu'il 
particularise aux conditions du vol qu'il va avou A effec- 
tuer (pdparation du vol ou pdparation de briefing). 

Ces schemas forment un plan wisualisable>> *dans 
la t&te, k des niveaux differents de raffinement (analyse et 
comprehension) et de mise en oeuvre. La partie mise en 
oeuvre est plus facilement visualisable que la partie thh- 
rique sur les objectifs du plan. 

L'image mentalelik Al'activation dews schemas, 
dkformk, laconique, capable d'Btre zoom6eplus ou moins 
sur les details de mise en oeuvre du schkma, possMe un 
double objectif : 

xervir de guide au pr616vements d'infor- 
mations qui viendront ajuster la conduite aux circonstan- 
ces nklles et confmer la progression dans l 'exhtion 
attendue, 

xervirde supportidesop6rationsmentales 
de simulation permettant de projetter le systbme dans un 
avenir plus ou moins distant k des fins d'anticipation. 

Cette image mentale, pour reprendre l'hypothkse 
de Piavio, serait accompagnk d'une representation k 
support verbal permettant le raisonnement symbolique, 
avec calcul de risques et choix ou optimisation des sUat6- 
gies. 

L'ensemble du systbme serait contraint tant en 
entrk (mhoire  k court terme), en puissance de fonction- 
nenient, qu'en sorties. 

L'objectif serait alors de maintenir le systbme au 
niveau de fonctionnement le plus konomique par une 
serie de strategies sophistiquks de prise de risques @our 
simplifier le travail)) et une utilisation la plus rep6titive 
possible de l'exp6rience passk. 

: 

En cas de derive observk, ou de rksultat attendu 
incohkrent, le systbme pourrait basculer en mode analyti- 
que, avec un dominance de la representation verbale; 
l'image mentale dans cecas, &par& du contexte imm&t 
du vol, servirait k exemplifier des concepts peu formalisa- 
bles pour mieux les comprendre (hypothbe constructi- 
viste) et viendrait en concurrence de I'image mentale 
support de I'activit6 qui sen i la rkup6ration d'indices 
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perceptifs. Toutlaissepenserque lesliitationscognitives 
ne permettent pas l’utilisation simultank des deux types 
d’images, forcant h nouveau le pilote h gkrer iun compromis 
entre comprkhension et conduite h court teirme. 

3- APPLICATION A LA CONDUlTE DIE NUIT DES 
A~RONEFS 

3-1Representation mentaleetvisiondeniuit: lertilede 
I’entrainement 

Nousavonsvudanslesparagraphesprk6dentsque 
I’image mentale fait partie intkgrante de la reprhentation 
mentale et sert de guide et de rkgulateur aux activith 
perceptives. Les ordres envoyks aux orgaries sensoriels 
pour rkupErer de I’information sont Iiks i la. saillance des 
informations(leurimportancepourlecontr6ledelak%che) 
(Reason, 199 1). Cettesaillanceestconsuuitesurla basede 
I’expErience, et dans la majorit6 des cas avec des capteurs 
sensoriels e f faces  (vol de jour). On comprend alors le 
mkanisme de base des problkmes de vol de nuit : les 
informations recherchks sur la base du voI! de jour sont 
difficilement retrouv&s dans les condition:; de nuit. Le 
resultatest double : dkpense suppMmentaire,deressources 
pour les activitks perceptives (augmentation1 de la charge 
de travail) et diminution du caarctkre automatid de la 
proc6dure au profit d’un contr6le plus important de la 
qualit6 des informations provenantdes capteurs (liencore, 
augmentation de la charge de travail au niveau du traite- 
mentdel’information). C’est typiquementcequi arriveen 
approche de nuit oh les pilotes ont tendance ,k sur-Bvaluer 
leur altitude par bonne visibilitk, mais en conditions de 
piste et zone akroport peu kclairkes (Kraft, 1!278). La pro- 
c6dure mentale repose en effet dans ce cas sur le guidage 
h vue. Le capteur visuel est lkgkrement df!ficient mais 
ramhe une rkponse satisfaisante i I’image mentale gui- 
dant le processus. Du fait de la charge de travail impor- 
tante, aucun autre contr6le n’est effectuk et le pilote tinit 
parse poser avant la piste. On voit dans.ce cas I’effet de 
trois facteurs : 

-(i) au niveau de I’intkgration perceptive, l’imprk- 
cision de codage lik aux conditons paniculikres de nuit, 

-(ii) au niveau de la reprksentation mentale (image 
mentale), larksistanceetla stkrBotypiede lareprksentation 
tant qu’elle est alimentke de faGon non contradictoire par 
les activitks perceptives; le concept de confiance estparti- 
culikrement important dans ce mkanisme d’klargisse- 
ment ou de restriction dynamiques des informations per- 
ceptives rklam&s par la reprksentation mentale pour 
s’assurer du suivi du dkroulement du vol. 

(iii) enfin, au niveau global du systkme, I’augmen- 

tationdelachar~edetra~;Ivailperceptive ajoutedelarigidi~ 
h la procedure en com, en autorisant de moins en moins de 
contrtiles et de tess d‘,rutres reprksentations. Le risque 
augmente alors en pard Ikle h la restriction progressive du 
champs cognitil. 

Dans d‘autres ca% les rkfkrences de jourcontenues 
dans la repn%entation sont non retmuvks de nuit. La 
situation est ouvertement conflictuelle et une nouvelle 
reprhentation doit eve consmite pour s’adapter aux cir- 
constances (on retrouve la le classique m&anismeF’iagik- 
tien d‘assimilatim-an-accornodation repris parvermershdans 
le cadre du travail de l’adulte. 1978). Cette adaptation en 
vol est si cofiteuse en ressources que le pilote pdfire 
souvent renoncer hrevoiir sa repdsentation et travaille avec 
des accomodations imparfaim de la repr&mtation ac- 
tuelle. Cette situation es[. kvidemment souvent i l’origine 
d’accidents particulikrement en vols basse-altitude. 

En bref, le fonctionnement par image mentale est 
extrkmement puissant et hnomique  pour guider les per- 
ceptions maisnkessite une~fkrenceefficacedkjhmkmo- 
r i s k  C‘est lh I’interSt considerable de L’enminement 
intensif denuitqyi renfoi~e- icularise les reoresenta- 
tions mentales de ces acl. ivitks de nuit. 

Les systkmes de visualisations utilisantdiffkrentes 
techniques de supplhces h la vision noctutne attknuent 
ces effets, mais ne les suppriment pas; le plus souvent ils 
ne font que les dkplacer vers d’autres problkmes: 

(i) lorsque lavisualisationde supplhceest 
prksentke h I’intkrieur du (cockpit, la vision exigkde lapart 
dupilotedevient une vision dejourd‘uneimagereprksen- 
tant le monde exI6rieur; les difficult& de pilotage sont 
dkplac&s mais l’kcarthla reprksentation imagkpeut-B!m 
tout aussi grand qu’avec une vue directe sur le monde 
exerieur de nuit (champs visuel rMuit, pene de dktails, 
etc). 

(ii) lorsque la visualisation artificielle est 
superpo& h la vue du monde exerieur, le problkme 
devient celui de la confmce dans les systi“, et de la 
tolkrance h des &arts ennre monde pequ et monde super- 
Po&. 

Une plus ample discussion de ces deux remarques 
est prksentke dans le coulrs suivant <<approche multi-sen- 
sews pour le vol de nuib. 



3-2 Vers une reconsideration du mecanisme des illu- 
sions sensorielles de nuit 

Ces m h i s m e s  de psychologie cognitive suggk- 
rent un enrichissement de la thhrie de c&es illusions 
sensorielles de nuit. Les illusions de position et d’orienta- 
tion de nuit prodemient d‘un mkanisme de base com- 
mun : (i) int6gration incorrecte de I’information par prise 
d‘infonnation deficientediies h l’application de r6fkrences 
perceptives formks le jour et appliquks la nuit en situa- 
tion d6gradk pour la capteurs, (i) puis non detection par 
la repdsentation mentale du fait d’un kart maintenue 
faible ou .plausible de ces perceptions incorrectes aux 
images attendues. Le mkanisme serait d‘autant plus re- 
doutable que les processus perceptifs d‘orientation et de 
positionnement sont particulikrement automatis6 chez 
I’homme et sont douc peu contr6l6 par I’activit6 cons- 
ciente. 

On noteegdement que l’illusion n&ssite un &art 
plausible avec la repr6sentation. Au delh, lareprbentation 
est reconsid&& par les processus cognitifs et le problhne 
est different de celui d‘un simple conflit perceptif. 

4-CONCLUSION 
Les images mentales, et plus genkralement les 

repr6sentations mentales, sont B la base de la conduite des 
akronefs. Elles reprbentent des outils cognitifs konomi- 
ques, fmbles puisque b a s h  sur I’exp6rience pas&, mais 
vulnhbles si cette exp€rience est d k a l k  par rapport B ce 
quiest v k u  (voldenuit suruner€f&ence voldejour). Seul 
I’entrainement en vol r k l  et en simulateur est succeptible 
deformerdes images @ifiques, efficaces. Lessupplhn- 
ces ?i la vision nocturne changent 6ggelement la ache et 
doivent, elles aussi ,conduuehunentrainementparticulik- 
rement important dans leur maniement. 
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Approche multi-senseurs 
pour le vol de nuit 

limitations perceptives et cognitives 

RenC Amalberti 
CERMA Dipartement ergonomie airospatiale 

CEV Britigny, Britigny sur Orge Cedex, 91228, France. 

Resume : Les vols de nuit se multiplientpour d’kvidentes 
raisons ophtionnelles de disponibilitk continue des for- 
ces akriennes. Les performances doivent si possible rester 
identiques au vol de jour. Pour pallier ii la deficience 
visuelle de la vision du monde exterieur, la solution g6n€- 
ralement adopt& consiste ?I doter les cockpits ou les 
syskmes de casque du pilote de visualisations artificielles 
restituant unepartiedu spectrenon vu (Jumellesintensifi- 
catrice de lumikre, FLIR, fichiers d‘images de synthkse, 
etc). Les techniques de prksentation d‘information utili- 
des sontclassiquementqualifi~s demulti-senseurs dans 
la mesure oa elles presentent une image r6sultante prove- 
nant de plusieurs sources (ou points de vue) sur le mZme 
monde (FLIR superpod i3 une Image de Synthhe pr6sen- 
t& elle-mZme dans le HUD par exemple). Par extension, 
si I’on ajoute la vue de l’opbtew, on arrive ?I un concept 
de techniques multi-senseurs incluant l’opt5rateur lui- 
mZme avec ses differentes modalit& sensorielles. L‘op6- 
ratew humain occupe uue place 116s particuli8re dans ce 
mkanisme: il procure i3 la fois une point de vue sur le 
monde, complhentaie aux machines, parses yeux et ses 
autres organa sensoriels, mais il est aussi le demier 
maillon de la chaine ?I qui est destine l’ensemble de 
I’int6gration des differents points de vue. Ce cows s’atta- 
che i3 dkrire les effets sur la prise et le uaitement de 
l’information de cette position particulikre. On replace 
I’ensemble de cette activit6 dans le mcdble gQ6raI des 
activies cognitives present6 dans le cours sur les images 
mentales. On discute les effets de distorsions entre points- 
de-vue donnt% par les senseurs techniques et par les sen- 
sews biologiques, puis on prksente les effets de ce type de 
visualisation sur la representation mentale, les problhes 
de confiance et I’augmentation de la charge de travail qui 
en rbulte. 

Abstract: Night-flightactivities havesignificantly grown 
to allow Forces being permanently operational. The level 
of performance for these activities is expected to be the 
sameasitisinday time.Thus, visualsupport systemshave 
been designedto mitigatetheconsequencesofnight-vision 
limitations, e.g. Electro-optical systems (radar), NVG, 
FLIR, Real-time terrain image. Some of these support- 
systems are mixed, using several sources although they 
provide the pilot with only one resulting integrated image. 
Moreover, when the pilot continues to have adirect vision 
of the extemal world (vision through the optical system), 
the human vision has to be considered as an another point 
of view to be integrated with this of the visual support 
system. This is typically what is termed the 4ntegrated 
multi-sensor and sensory approach,,. Men have a special 
positionin suchconditions: first.from aperceptivepointof 
view, although they are impairedbynight-conditions, their 
eyes complement the machine vision. Second, from a 
reasoning and decision making point of view, they must 
adapt their mental processes to this complex visual input 
made of a mixture of natural and artificial vision. This 
course aims at describing the resulting effects of this 
position for perception and reasoning activities.Theframe- 
work model of cognitive activities described in the pre- 
vious course on mental images serves as a departure point 
Then are discussed (i) how humans solve the possible 
distorsions between sensors and human vision, (u) how 
theseperceptiveinput areintegratedintomental represen- 
tations, (iii) the central question of confidence into visual 
support-systems and (iv) the related consequences for 
workload. 
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0- INTRODUCTION 

Les vols de nuit se multiplient dans les Forces pour 
entrafner les &quipages & &e op4rationnels 24 heures sur 
24, si possible avec un niveau kgal d’efficacit6. 

Les conditions de ces vols ont kgalement kvoluk 
avec le combat moderne; il s’agit, pour la plupart des cas, 
de vols basse altitude, et m h e  trks-basse altitude en 
hklicop&re de combat, & grande vitesse quand il s’agit 
d’avions &rhction, etce quelles-que-soient lesconditions 
mktkorologiques; autant de conditions particulikrement 
accidentogknes. 

Cesconditions, dkjAextrkmementdem,andantes de 
jour, se trouvent alors particulikrement dangereuses et 
complexes & exkuter de nuit du fait des limitations natu- 
relles de la vision du monde extkrieur. 

Les supplhnces spontanhs des autres modalitks 
sensoriellessontici trksreduites (tels lesrbsultats observks 
par exemple chez les malvoyanu qui compensent leur 
handicap par une meilleure exploitation de leurs sens 
auditif et tactile et kinesthesique). L’audition sert peu en 
vol tactiquedenuit,etlesentrkskinesthesiques,mhesi 
ellespeuvent informergrossi&rement sur I’altitude(turbu- 
lences), n’apportentpas d‘information-clks sur laconduite 
prkise de la trajectoire. 

Plusieurs solutions techniques ont donc ktk propo- 

s&s depuis plusieurs annks pour supplkr & la vision de 
nuit : systkmes klktro-magnktiques types radar, jumelles 
de vision denuit images iiesynthkse,FLR.etc; aucunede 
ces solutions s’avkre satisfaisante seule. On a maintenant 
recours & des coinbinaisons de solutions qui reprksentent 
typiquement des approches qualifnfables de amulti-sen- 
seursu, puisque plusieurs senseurs sont utili& pour ren- 
forcer la vision humaine. 

Aprks une brkve description des diffkrentes solu- 
tions dkjA existantes, oh en cows de dkveloppement, le 
CONS se concentre sur leis problkmes cognitifs engendrb 
parces technologiespour I’utilisateurfinal. Lesproblkmes 
de base de la piise d‘information, particulikrement vi- 
suelle, ne sont pas dktaillks dans ce cows, puisqu’ils font 
l’objet des autres cows de cet enseignement sur la vision 
nocturne. L’analyse porte plut6t sur trois aspects complk- 
mentaires particulikrement sensibles au niveau du traite- 
ment de I’information: (i) la qualit6 de la reprksentation 
physique du monde et son influence sur la reprkentation 
mentaleetlesstratkgiescognitivesdeconduitedu voletde 
prised’information, (ii)lachargede travail induiteparces 
sys&mes et les cons&uences en matikre de strat6gies de 
planification,et (iii) larelationdeconfianceetles mkanis- 
mes de mise en doute de I’information prksent& et les 
relations avec les activitb perceptives. Ces diffkrentes 
notions sont dkrites dans l’optique d’un cours, avec 2 
chaque fois un rappel tlhkorique prkisant les grandes 
lignesdes connaissances surledomaine,avantd’envisager 
leurapplication 2 l’apprwhe sp4cifique multi-senseurs en 
voldenuit On prbsentedans unecinquikmepartiequelles 
amkliorations seraient souhaitablespur faciliterle travail 
cognitifetlapande I’ennafnementdans legain deperfor- 
mance attendue avec ces sysemes. 

1- AIDES A LA vIsIorq DE NUIT : UN BREF RAP- 
PEL DES SYSdMES CLASSIQUES ET DES AP- 
PROCHES MULTI-SEIYSEURS 

Les solutions techniques propodespurrendre les 
voldenuitpossiblesdans lesconditionsde vision nocturne 
sont de trois ordres : 

1-1 les automati“ de guidage en altitude-route. 
11s dkhargent le pilote du risque d’anti-collision 

avec lesol(systkmedesuivide temin).Cesautomatismes 
sollicitentpeu I’attention du piloteauniveauperceptif(en 
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gen6raI une visualisation permet de suivre simplement leur 
bon fonctionnement). Mais ils ont deux inconvenients 
majeurs: ilsnesontpasdiscrets(6missionradarensuivide 
terrain) et ne foumissent aucune vue du monde extkrieur 
pour aider aux prises de dkision opportunistes qui font 
I’inter&t d‘embarquer un pilote h bord de l’aeronef. 11s ne 
peuvent donc &tre que des solutions d’accompagnement 

1-2 les solutions qui prhsentent une image du monde 
exthrieur sur une visualisation de la planche de bord. 

On reuouve dans cette famille : 
(i) les solutions classiques 6lectro-magnetiques type 

radar (parfois appelks aussi electro-optiques) qui presen- 
tent un plan r6glable en coupe du relief frontal, plus ou 
moinsmm8,etplusoumoins horizontalenfonctiondela 
distance. Ce sont les solutions les plus anciennes. El ls  ne 
sont pas discrkts et nkessitent une interpretation mentale 
importante dupilotepourproc6derh l’anticollision avec le 
relief; eUes ne foumissent aucune possiblitk de voir des 
d6tailsophtionnels. En bref,elles sontpeu efficacespour 
les situations op6rationnelles autres que les phases de na- 
vigation de nuit 

(ii) les visualisations du monde exterieur issues de 
capteurs infra-rouge. Ces visualisations type FLIR For- 
ward-Looking Infra-Red) foumissent une image efficace 
de la %&ne tactique plus que de la s c h e  ghgraphique 
(rkperage de toutes les sources de chaletu); mais ils degra- 
dent le monde extkrieur, particulikrement dans la zone des 
hautes frtquences (details fins) et ce, d‘autant que les 
niveaux de constrastes atteinu sont relativement faibles 
(Menu, 1989) 

(iii) les visualisations synthetiques du terrain sur- 
vole, imagesissues d‘unebasededonn&sembarqu6e. Ces 
images sont de bonne qualit4 avec une bonne luminance, 
mais restent artificielles, simplifiees, et ne contiennent 
bvidemment que les informations de la base de d o n n h  au 
moment de sa constitution ou de sa r6vision. Leur pro- 
b l h e  est de deux ordres : actualisation (par rapport h la 
date d‘enregismment) et dkalage ou p h h o m h e  de de- 
rive (par rapport au relief r&I). 

Dans les systbmes les plus mcdemes, on envisage 
de ftabiliser l’image synthetique du terrain (dktection des 
decalages) en superposant l’image FLIR et/ ou en prod- 
dant hdesv6rificationsradar. On entrelhdansles sys thes  
typiquement multi-senseurs. 

1-3 lessnlutionsqni prkentent une visualisationsuper- 
pos& a la vue naturelle du mnnde exthrieur. 

Dans ce cas, la syst?“ multi-senseurs ont la 
particularit6 que I’oeil humain devient h la fois acteur et 
spectateur, jouant le role d’un senseur suppldmentaire h 

inegrer, et celui d‘un observateur exteme transmettant le 
dsultat au W I V ~ ~ U .  On retrouve dans cette famille : 

(i) les deux demiers sysf” (FUR et Image de 
synthbse) qui se retrouvent superpods par un systbme de 
renvoi optique 2i un viseur t&te haute, ou h un 6quipement 
de ete. Le pilote voit ~h traverw cette image le monde 
extkrieur . 

On retrouve egalement une autre type. de systt”, 
tokalement different : 

(ii) les jumelles de vision nocturne, qui amplifient 
la luminance de la scheetaugmententainsi significative- 
ment sa visibdie. Lh encore, l’imagedu monde ext6rieur 
rested&ad&, appauvriedanslesd6tdsfins etparticuli&- 
rement vuln&able comme pour les systbmes 6lectro-opti- 
ques et le FLIR aux conditions metbrologiques. 

2- REPRESENTATION DE LA S C ~ N E  VISUALI- 
SEE ET REPRkSENTATION MENTALE 

Le cotus p r W e n t  sur I ’image mentale avail monvC 
que la rzprkntation menlale, verbale ou hag&. sen de 
guide aux processus perceptifs. Elle est conslruite avant 
I’acuvitC, ct kvolue avec cette activitk en se dCformant et 
s’adaptantaux circonstances particulihx de IarCalisation 
de la ache en fonction du rCsultat des perceptions. 

Les sys thes  multi-sensetur occupent une p s i -  
tion particulifre dims ce processus d‘accomodation de la 
repdsentation mentale aux cironstances rkelles. 11s four- 
nissscnt un intcrmCdiaire symboliquereprCsenlant le m o n k  
dans lsquelCvolucI’aCroncf. MEmequand la visiondireclc 
estpossiblei3 travcrsles imagesprescntCes,cemondereste 
simplifik, amputidc scsdc‘tails fins (hautcs fdquenccs),eI 
en conditions mftCorologiques dCfavorables, de dktails de 
mille bien plus grandes (moyenne et basse frkucnces). 
Ces dCtails fins, invisibles, sont pounanl uliles au suivi de 
la reprCscntation mentale et h son ajustement au faits rkls 
(dClails hctiqucs, dClails de trajectoire, refires au sols, 
zones dangereuscs, i.e.: lignes 2i haute tension). 

Le traitcment cognitifde cctteamputation de vision 
est gCnCralemcnt realist parl’intcrmCdiairc de deux stralc- 
gies : (Santucci et coll, 1984; Valot et Amalbcni, 1989) 

-la suatkgie d’infkrence par proximit6 : il 
h u t  rfcupkrer de I’information non visible mais don1 le 
pilotc sait la forte probabilitk d’existcnce; un calcul sym- 
bolique sur la rcprCsentation permet, g rke  aux connais- 
sancesposs6dCcs surla tjche,de posiuonnerparproximit6 
h des dCtails moins tins le ou les objets recherchh; la 
representation guide alors la perception vers ces dClails 
moins fins. Au retour, un nouvcau aailcment cognitif 
infkrentiel permet d’cstimer la localisation d’objcts non 
visibles. Ceue strat6gie se lrdduil perceptivemenl par la 
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nhss i t6  d’une exploration plus large et plus f&uente du 
champ visuel, bien confm& par les exp6rinrentations en 
champ visuels rMuits ou&gfad€s papin etc:oll, 1981). I1 
s’agit Eid‘unesmt6giedepilotenovicesen vcildenuir elle 
est k q u &  et explique la forte charge de travail du pilote 
debutantles volsdenuitavec des systkmesmulti-senseurs. 

-la strat6gie de moindre risque!$: les calculs 
infkrentiels sont co13teux en ressources et sont rapidement 
remplads avec l’enm-nement par des connaissances plus 
automat& int-5grb dans la structure m&mede la repdsen- 
tation : i.e. : a de nuit, prendre ses &xes sur les villes, ne 
plus prendre de rep&res sur les for&ts>>, <<deux collines 
proches de nuit=ligneB hautetensionentreles deux=prise 
d’altitude de sicuritb, ou encore <me jamais passer verti- 
cal colline de nuit = risque de poteaux. antennes, etc,. Dans 
ce cas la representation est recod&, accomodk de faGon 
telle B ce que les indices nkessaira B son suivi ne soient 
plus dans le spectre du non visible. Cette strat&gie r&sulte 
typiquement de l’entdnement et de l’accom’htion pro- 
gressivedelarepresentationutili~dejour. A. tenne,chez 
les sujets trh experts, les deux reprkntations, de jouret 
de nuit, correspondant B la mime mission ,et au mime 
terrain gbgraphique d’activit6s. diffkrent consid6rable- 
mentavw des prises d’informations et des choix tactiques 
trh differem: c’est lB  un trait classique de I’expertise 
humaine (i) que de faire d’abord une prise de: conscience 
de ses propres difficult&, ce qui demande toujours du 
temps et de l’entdnement, puis (ii) de s’adapter en fonc- 
tion de ses propres savoir-faireet de e i f i e r  des nouvelles 
connaissances ?i la nouvelle situation (Amalberti & al, 
1991). 

Les etudes r&dis&s en aeronautique (Amalbeni, 
1992) indiquent quelques valeurs g6n6rala do processus 
d’accomodation de la reprbsentation. Pour commencer B 
deriver une representation stable dans une asctivit6 nou- 
velle, il faut de I’ordre de 30 heura de vcil dans les 
conditions particulihes de la situation (mais le caracere 
dismbu6oumassBdel’apprentissagejoue6gallement,et le 
chiffre pourrait tomber aux environ de 20 heures avec un 
enaainement trks masse). Pour stabiliser et spkifier tota- 
1ementcetterepr~entation.il faut del’ordrede: lOOheures 
et le processus est sans limitation sup6rieui:e (on p u t  
toujours spkifier encore plus lareprkntation). Cet inves- 
tissement est long, si long que l’on pourrait envisager, 
comme dans bien d‘autres activitk humaines, de quasi- 
ment spkialiser des postes de pilotes de nuit, ob, tout au 
long d‘une affectation, le pilote exercerait sion activit6 
aeronautique essentiellement de nuit. L e  Mn6fice serait 
probablement extrkmement conshuent pour Ile carac&re 
op6rationnel de ccs vols. 

3-SYSTkMES MULTI-SENSEURS ET CHARGEDE 
TRAVAIL 

3-1 Rappel sur la charge de travail 

LacharEede~~rail~valueuneceaaineintensit6 
du travail @plat, 1985). On peut encore parler d‘6valua- 
tion de la p6nibilit6, ou encore de la fatigue bien que cette 
demikre notion soit sensilblement differente (la fatigue est 
la conshuence d.e la charge). 

La charge de mvail fut longtemps uniquement 
app&i& B travers les activit-5s observables de l’individu. 
Mais les probl&mes thbriques se sont pods d&s que l’on 
a voulu mesurer la charge de travail mentale du fait de la 
non-observabilit-5 des activitks mentales. Une partie des 
d6veloppement.s scientifiques n’a alors eu pour cesse que 
de contotuner cette difficult&, en essayant d‘acchiez B 
d’auues observables, moins dvidents que le comportment 
physique, mais cm€li% <<la charge de travail menrale,,. 
Ce fut particulikrement 1.e cas de I’ktude des correlats 
comportementaux, physiologiques et psycho-physiologi- 
ques (mesurer I’EEG, I’ECMG, I’ECG, le clignement des 
paupi&res,e tc...). Lepoinl.commundecesapprochesreste 
I’absence de thbrie sur la charge proprement dite bien 
qu’ellesutilisent des thbrieslocalessurle fonctionnement 
humain (par exemple les thbries sur le fonctionnement 
cardiaque et son adaptation B l’effortou encore les thbries 
sur la vigilance et leur lien avec la sous-charge de travail ) 
: on ne cherche pas ?i exp:liquer l’origine de la charge, on 
cherche ?i mesurerune des manifestations de son existence. 
Les mkthodes utili& smt valid& si elles montrent des 
variations reproductibles du paramhe m e s d  quand on 
impose des conuaintes differentes au sujet . 

Vers la fm des ann& 40, les travaux des 
informaticiens introduisentlam6taphoredu cerveau humain 
I ordinateur-consid&& coinme un syskme de prise et de 
uaitement de l’infonnation symbolique. Ces travaux 
montrent que l’homme est fortement limit6 en puissance 
intellectuelle par les caract6ristiques de son s y s t h e  cog- 
nitif(parexemplelataille desam&noireBcourttenne,ou 
encore ses capacites attentionnelles: on parle m&me de 
canal limit6 de traitement obligeant I’ophteura effectuer 
des traitements strictement &riels). Lachargede travail est 
alors consid&& comme la conauence  des saturations 
des capacies ?i diffhents niveaux op6ratoires. 

Des 6volutions modemes de ces thbries in- 
troduiront de dvkfescritiques en dhontrant lapossibilit-5 
de traitement paralBles de plusieurs informations dans 
cenaines circonstances et la possibilit6 de stratkgies de 
contoumement des limites cognitives. Le concept de charge 
de travail 6voluera alors vers l’id& d‘une consommation 
dynamique de ressourcer: cognitives, avec saturations 
possibles ?I cenaines &tapes cl& du traitement. Cette thb- 
rieintroduitegalement lamotivationquipennetBl’op6~- 
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Performances 
Erreurs de type faute 

ContrBle du processus 

ContrBle des intermkdiaires 
(machine, interface) 

otyci+e Erreur de type technique 
(pantuz 

Contr8le de soi-m&me 
Erreur de type routina 

Mkta-connaissances 

sance. Les premiers travaux dans cene direction sont 
probablement diis a F'iaget (1974) avec les concepts d'abs- 
uaction simple et d'abstraction rkfltkhissante. L'abstrac- 
tion simpleestla~p~entationdel'actionoudesobjetsa 
manipuler dans l'action. L'absmction dfltkhissante est 
diffkrente : il s'agit de la comprehension par I'opbteur 
(de la prise de conscience) des raisonnements et actions 
prksentes dans sa reprbentation de l'action (son abstrac- 
tion simple). 

Le rksultat de cette prise de conscience de l'acti- 
vits5est typiquementuneklevation duniveaudecontrdlede 
l'activit6 (Hoc, 1987) qui va servirpourl'op4rateur a kviter 
les domaines dans lesquels il est peu performant, mieux 
contnjler les domainas oh les actions doivent etres prkises 
et bien r&&&es, etc. 

Vermersch (1976) dkveloppe cette perspective 
F'iagetienne de la rkgulation des actions en I'appliquant au 
domaine du travail. I1 dkrit  plusieursregistres de fonction- 
nement.reprenant Lescaract6ristique.s des diffkrents stades 
Piagetiens, chacun correspondant a des raisonnements 
logiques plus ou moins formels; il fait l'hypothkse que ces 
diffkrents registm peuvent se retrouver chez l'op4rateur 
en fonction des exigences de la a c e .  I1 introduit kgale- 
ment le concept de nkessaire compromis entre d'un cots5 
un niveau de fonctionnement a fort contnjle et forte abs- 
traction rkflkhissante, sans doute idh l  en matibre de 
performance, et d'un autre cot6 la nhss i tk  de s'konomi- 
ser en permanence et de travailler au plus faible niveau 

d'abstraction. En rksumk, le contrdle ego-centre est sous 
la dkpendance d'un niveau d'abstraction plus grand que le 
niveau de conduite proprement dit Les meta-connaissan- 
cesjouent unrdleessentiel dans cecontnj1e.L'hommeest 
capable d'organiser le processus pourrester dans le cadre 
de ses capacit6s. et de surveiller dogiquemenb (sous- 
entendu en utilisant des raisonnements utilisant la logique 
formelle) l'exkution du travail afin d'eviter au maximum 
de commeme des erreurs. Mais un tel fonctionnement 
cognitif est costeux et doit &re ut i l i6  mod6dmenc il est 
donc rbervk aux situations comprises et connues comme 
potentiellement incidentelles; pour les autres situations, 
les plus fri4quentesdans l'activit6,lecontrdle conscientest 
plussuccincc ilporteessentiellement sur des etapesclbde 
l'exkution (concept de contrdle par noeud, Amalberti 
1988); dans ce demier cas l'kvitement d'erreur est surtout 
1% a I'encodage dans la proc&hne d'action de base (et non 
dansuneproc~duredeconudleconscientequi serait d'un 
niveau plus klevk) de certaines prhutions, astuces, re- 
dondances, qui limitent lerisqued'erreduretlerisquedene 
pas dktecter /rku@rer les erreurs si elles sont commises. 

> Le contrdle exo-centre : la confnnce dans les sysl?". 
Une deuxikme dimension importante du 

conudle de l'activitkporte sur les interm6diaires symboli- 
ques qui servent a la conduite. 

Ws lors se pose pour le conducteur la 
question cenuale de la confiance cette reprksentation 
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teur d‘augmenter les ressources qu’il alloue A la ache au 
prix d’une diminution de sa capzit6 de &serve et d‘une 
fatiguabilit6 plus grande. 

La psychologie cognitive modeme prolonge 
cette position en expliquant le m h i s m e  A panir des 
savoir-faire del‘ophteur. Plusl’ogratewdevient expert 
pour un &he, plus les processus de rkup6ration et de 
traitement de I’information deviennent automatiques et 
hnomisent de la charge de navail (modkle de Shiffrin et 
Schneider, 1977). Cen’estdoncpasfmalement laquantit6 
des informations ic traiter (les flux) qui constitue la difficul- 
t6. majeure dans la plupart des cas mais lelus << qualit&>, 
c’est A dire leurs complexit6s et leurs familiarith pour 
l’ograteur. (De Monunollin, 1986). 

Enfin, les ograteurs humains refusent en gkn6ral 
de voir leur charge de mvail augmenter et se rapprocher de 
ses limites acceptables. La rkponse est g6nntSraJement un 
changement de niveau d’aspiration dans le rhultat de la 
&he. Par exemple Sgrandio (1980) montre que les con- 
tr6lem de la navigation akrienne changent de strat6gie 
quand le nombre d‘avions & contr6ler augmente d i n  de 
r6guler leur charge de travail constamment A un niveau 
acceptable. 11s finissent par ne plus parler qu’aux avions 
qui pr6sentent un risque de conflit 

Ce point est 6videmment A considker quand on 
analyse les performances du vol de nuits par rapport au vol 
de jour. 

3-2 Systemes multi-senseurs, charge de travail et in- 
fluence sur le choix des strategies 

La charge de travail augmente mkaniquement 
avec le vol de nuit pour plusieurs raisons : 

-la situation est moins connue, les processus men- 
taux sont donc moins automatis& et le contr6le conscient 
doit 2ue plus important. 

-la strategic deproximitk, examink au paragraphe 
pr&dent, oblige ic considkrer perceptiveme~nt plus d‘in- 
formations pour retrouver les informations manquantes. 
Le champ d’exploration est aggrandi et logiquement la 
charge perceptive resultante est plus &lev&. 

-dam le cas des d 6 d s  mal visibles, I’effort n k e s -  
sairepourlespercevoirestplus important(al1ongementdu 
temps de perception). Dans ce cas, le nombrc: d’informa- 
tions percuesparwith de temps diminuealors m&meque 
lepointpr6cMent sugg&requ’il faudrait atteindreen volde 
nuit un volume de fixations suphieurau vol de jour. Cette 
pression constante sur la perception se traduit directement 
par une surcharge perceptive et une fatigue visuelle. 

Les premiers r6sultats ogrationnels officieux ob- 
tenus en France avec I’utilisation de syst?.nies de sup- 

plhnce ic la vision ~CCtumIe type. jumelles de vision noc- 
turne ou FLIR laissent penser que le vol avec systbme de 
supp lhce  ne doit pas dlkpasser 1 heure; le maximum de 
performance est atteint alprh 5 minutes de port (systbmes 
de ete) ou d‘urilisation sur le tableau de bord, puis la 
performancecommence ic chuter vers 20minutes d‘utilisa- 
tion. Ces chiffres suggkreraient une organisation op6ra- 
tionnelle de la mission utilisant au mieux les capacit6.s de 
l’ophteur (6ventuellennent avec des @nodes de non 
utilisation du m6t6riel de supplhce), prenant ainsi en 
compte la gestion de la charge et de la fatigue dsultante. 

-M2me avec l’habituation, le surcroitde raisonne- 
mentsinfkrentielsnkessair~envoldenuitpourrecalerla 
repr6sentation mentale participe aussi largement A aug- 
mentation de la charge de wvail. 

4-SYSTEMES MULTIESENSEURS ET MkCANIs- 
MES DE CONFIANCE 

Les probkmes de confmce et de prises de risques 
sont au centre de I’utilisation de systkmes multi-sensew 
de supplkance ic la vision nocturne. Une longue introduc- 
tion thbrique rappelle Ies principaux mkanismes men- 
taux pour assurer cette confmce . 

4-1 Mecanismes mentaux de la confiance 

II ne sen A rien d‘avoir un trks bon niveau de 
planification et de dkision ou un trks bon savoir-faire 
professionnel degestion de achesi cesdkisions et savoir- 
faire sont gichks par des erreurs d‘exkution ou par un 
manque de fabilit6. de I’interface et des syskmes. 

Ces deux aspects determinent justement le do- 
maine du contr6le de l’activit6 d6fini ici en complements- 
rit6. du contr6le du processus lui-m2me. Il ne s’agit en plus 
des connaissances nkessaires A la conduire du syseme, ic 
laplanification, & la gestion des aches, mais il s’agit (i) de 
se surveiller soi-m2me dans la dalisation des raisonne- 
mens et des actions (contr6le ego-centr6) et (ii) de sur- 
veiller la qualit6 de fonctionnement et la fabilit6 des 
intermMiaires graphiques qui servent A la conduite, sans 
quoi le risque de fonctionner sur des informations fausses 
pourrait Etrerapidement dramatique (contrijleexo centr6). 

>Le conn6le ego-centr6 
Lac16 cognitive du contr6leego-centr6 estdouble 

: repr6sentationdesespointsfaiblesetdesrisquesli6sAses 
savoir-faire d’une part, maintien d’un niveau d‘attention 
suffisant d’autre part. 

La repr6sentation de ses savoir-faire et de ses 
points faibles renvoie au. domaine de la mkta-connais- 
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foumieparles systbmes, ethtraversceae repr6sentation la 
confmce haccorderaux systkmes eux-mhes puisque les 
actions et les feedbacks sur le monde r&ls vont &re 
totalement m&ii€es par ces systkmes. Schematiquement. 
la confiance est un des critkres de r6gulation du niveau de 
contr6le. Si laconfiance est faible, l’op€rateurdoit utiliser 
en permanence un niveau de contr6le logique, conscient, 
bast5 sur les m6ta-connaissances. mais aussi ve:teur de 
charge de travail, ce qui r6duit mkaniquementle champ de 
son activit€. Si la confiance est forte dans le dispositif, la 
niveau de contrijle peut all6ger avec probablement le 
risque d‘erreur deroutine si laconfianceest trop excessive. 

Les mkanismes cognitifs d‘€tablisse- 
ment de la confmce dans l’usage des sys&mes peuvent 
&tre 16pemrih en trois cat6gories : (i) 1’6valuation du 
comportement du systkme en conditions normales, (ii) 
l’6valuation de la fiabilit6 du sys the ,  et (iii) la tol6rance 
des kcarts de la repr6sentation proposk au monde r&l. 

-(i) 1’6valuation du componement de 
I’interfaceen conditions normales,et h travers luil’6valua- 
tion du systbme tout entier, est une condition cl6 de 
1’6tablissementde la confiance. Parr6f6renceaux rkglesde 
confmce dans la communication inter-humaine, Muir 
(1987) definittrois attentes del’op5rateurdans lacooph-  
tion Hommehnachine : 

-I’op€rateur attend que la machine suive 
des lois qui permettent une cenaine pr6xiictibilit6, et donc 
qui permettent la construction d‘une reprbentation men- 
tale apte h pr- les 6v6nements 

-le second point rejoint le mcdble SRK 
de Rasmussen (1986). Muir distingue trois types de com- 
p€tences techniques chez l’op6mteur: le savoirth6orique, 
le savoir pratique et la routine joumalikre. Le systkme et 
son interface doivent permettre de travailler au trois ni- 
veaux de connaissances, or le travail ne peut devenir 
routinier (routines joumalikres) que si le systkme d6gage 
un niveau de confiance suffisant 

-le troisibme point est 1% aux capacit6s 
des machines et hla confianceh donner h des informations 
calcul&s par la machine et inv6rifnbles de visu ou par 
calcul mental. Ce point rejoint l’6valuation de la fiabditk 
des systkmes. 

-(ii) L’bvaluation de la fiabilit6 des sys- 
tbmes. On retrouvedans 1’6valuation dela fibilit6globale 
des systkmes les dsultats sugg6ds par l’exp€rimentation 
de Moray et Lee. Mais ici, la litt6rature interesse surtout B 
1’6tablissement de la confiance par estimation de la fiabi- 
lit6 des sysemes. Les r6sultats convergent pour souligner 
la sur-6valuation de la fnbilit6 des systhnes et la rapidit€ 
de l’installation de cette sur-6valuation puisqu’il suffit de 
l’absence de pannes pendant les premikres interventions 
surlesystbmepourquela(sur)confiancesoitinstall&.Ce 
dsultat n’est pas propre l’estimation du risque 1% au 
syseme et peut-etre gBn6ralisC h tous les domaines de la 
perception du risque . 

-(iii) la demibre dimension dans la 
compr€hension des mhnismes  de confiance est l ’ b  
tol6rable entre repr6sentation du monde et le monde lui- 
merne. I1 s’agit lh d’un point rarement 6vvoqu6 dans la 
litt6rature mais probablement important Les reprbenta- 
tions graphiques foumissent une repr6sentation fortement 
r€ductrice du monde par cenains cot& mais aussi forte- 
ment accrue par d’auues aspects (utilisation de capteurs a 
basse luminance, de sondes po&s h des endroits qui 
seraient inaccessibles 2i la vue et h l’estimation, etc.). La 
reprbentation foumie est donc une d€formation particu- 
libre du r&l; l’op5rateur doit interprkter cette reprksenta- 
tion en utilisant une aune fonction de transfero,. La stabi- 
lit6 de cette fonction de transfert est une fonction directede 
la vitesse et de la qualit6 d’installation de la confmce. 

4-2 Confmnce et apprnches multi-senseurs 

Les effets de I’utilisation de systbme de supp lhce  
h la vision noctume sur la confiance 6voluent en trois 
phases: 
Pass6 la phase initiale de prise de contact (envimn 20 
premikres heures de vol de nuit), les sys thes  multi- 
senseursde supplhceh  lavision noctumeengendrent un 
conflitde confiancepourl’op€rateur : parcequ’ils augmen- 
tent ses propres capacitb de vision, ces sys t ”  augmen- 
tent la confiance de cet op€rateur dans ses propres capaci- 
t6.v et dans la prise de risque qu’il peut prendre; le pilote a 
alors tendance, particulikrement dans le cr6neau 40 -70 
heures de vol, quand il commence 2i s’habituer au systhe,  
B sur-exploiter les capacit6s du sys&me et h faire une 
confmce excessive B ses propres possibilit6.v. 

Dans une seconde phase, la confiance dans la f ibi-  
lit6 des capteurs, une fois acquise par I’exgrience de pro- 
blkmesvkus,chute rapidement, bienquel’ophteurcon- 
tinuehseservirdecesoutilsde s u p p l ~ c e s . L e s s t g i e s  
cognitivesdecontr6le sed6veloppentalorsdefqonexces- 
sives, consommant 6norm6ment de ressources au d6tn- 
ment du traitement de la situation tactique (les ressowes 
du syseme cognitif sont en nombre hies); c’es t une phase 
que l’on peut estimer de dur& huivalente B la premibre 
phase. 

Cen’estqu’audelhquesemetenplaceunerelation 
de confiance dans les systkmes et dans les propres capaci- 
t6.v de I’ophteur plus exacte (&le des m6ta-connaissan- 
ces) qui va servir progressivement I’installation d‘une 
performance stable de nuit, avec une prise de risque plus 
mod6r& qu’en d6but d’utilisation. Cette phase se traduit 
par un investissement nettement plus important dans les 
prbccupations tactiques. 



5-CONCLUSION : QUELS RkSULTATS ET 
QUELLES SOLUTIONS POUR AMkLIrORER LES 
SYSTkMES MULTI-SENSEURS? 

5-1 quelques rksultats d’exp6rimenltation de sys- 
tems umulti-senseuru, 

Uneexp6rimentationrhnte (APIS, 1991) surles 
syskmes multi-senseurs int6gant des d‘images synth6ti- 
que du terrain survol6 monue que les pilotes, s’ils avaient 
le choix pr6Rreraient un syskme & avision & travers* 
(HUD ou casque) &un syseme multi-senseurs prbent6 sur 
la planche de bord. 
La moiti6 des pilotes utilisant des images synth6tiques 
superposkes h la vue directe et au HUD n’envisagent ce 
syseme qu’avec des commandes d‘allkgement et de sup- 
pression temps r&l ou d’accb rapides. Les autres pilotes 
ne se prononcent pas encore sur ce point. Ce point illustre 
le risque de masquage du monde exgrieur induit par ces 
syskmes. principalementquand les conditiontsext&ieures 
pr6sentent un forte luminosit6 (survol de ville ou de zone 
de combat). 
Le positionnement ghgraphique est difficile sur ces sys- 
ernes. Cesdifficultk sontbienplus importantesquenele 
monuent les r6sultats objectifs de I’exp6rimentation; les 
pilotes r6flkhissent tous un long moment avant de se 
positionner ghgraphiquement sur la zone qu’ils sumo- 
laient. Les kcarts sont importants en premikre estimation. 
puis se r6duisent par le raisonnement sur l’histoire du vol 
mais nhssitent dans ce cas plus de 30 recondes en 
moyenne pouroptimiserlar6ponse. En bref,ces syskmes 
n’aident pas & naviguer ; leur r61e est plut6t le vol & court 
terme, la d6tection d‘obstacles et de cibles tactiques. Ce 
point est important car il y a toujours un risque de d6rive 
dans ces systkmes de supp lhce  avec une extension 
abusive de leur emploi qui conduirait & des accidents plus 
nombreux en d6but de mise en service. L’inutduction des 
HUD il y a dix ans a connu un cheminement comparable 
jusqu’h la stabilisation de leurphilosophie demploi . 

Dans le mCme esprit, la majorit6 des pilotes consi- 
d6rent que les prbentations multi-senseurs nepermettent 
pas & elles seules de piloter vue>> dans les conditions du 
vol basealtitude- grandevitesse. I1 est encore snictement 
nhssa i re  d‘incorporer des 6l6ments de guidage issus du 
pilote automatique et du suivi de terrain plus des 616ments 
de pilotage classiques. 

Ladetection desd&dages entresyskmes devisua- 
lisation & base de terrain synthktique et relief r k l  s’est 
av6r6 difficile pour tous les pilotes, surtout en conditions 
de brume et quand le relief du terrain survol6 6tait peu 
accident& Le dkalage est pequ parfois trks lardivement 
(tol6rance de la perception quand la r6f6rence et I’image & 

comparer sont toutes les deux d6gradks dans les fr6quen- 
ces 6levks). Mais quand le d M a g e  est pevu, la perte. de 
confmce est imm&te et totale v6riafant ainsi le modele 
expod prWemmenc 

5-2 vol de unit el: aspects g6nCaux de la perfor- 
mance 

Le vol de nuit ne met pas simplement en jeu 
I’aleration de la vision. La fatigue lik & la privation de 
sommeil est un facteur cl6 qui diminue encore les 
ressources cognitives disponibles. Les premikres heures 
du jour sont paniculi&rement critiques puisqu’elles cum- 
mulent & la fois la performance minimale du fait du 
biorythme et la performance minimale du fait de la 
privationde sommeilaccumul6esi iepiloten’apasprisde 
repos depuis la veille. Ces facteurs peuvent consid6rable- 
ment a l th r l a  performance perceptive et cognitivede base 
du pilote utilisant les systkmes de supplhces. 

Ces effets physiologiques justifient amplement de 
ne pas considkrer le vol de nuit comme un simple prolon- 
gement du vol de jour mais d’y pdparer les escadrons en 
adoptant une hygiknedeviecompatibleaveccetteactivit6, 
enjouant diff6remmenlsilrIescontraintes habituellesd‘uo 
escadron stationn6 sur une base, en organisant differem- 
ment les r e p s  des personnels; en bref, en organisant le 
travail & l’khellon du collectif et non de l’individu. 

5-3 Quelles directions pour ameliorer le mu- 
plage HA4 sur ces systkmes 

Les solutionspossiblespouram6liorerun couplage 
WMsont toujours detrois natures: agirsurle sys&me,agir 
sur les op4rateurs et agir sur les instructions ophtionnel- 
la. L’utilisation de systi?mes de supp lhce  & la vision 
nocturne n’tkhappe pas cette rkgle. 

L’am6lioration des systkmes est en cours. Elle ne 
fait pas I’objet directde ce cows mais doit 6videmment Ctre 
prise en compte pour I’avenir. 

L‘am6lioration de!; comp6tencesdesop4rateursest 
un 6l6ment cl6 du succks de ces syskmes. Nous avow vu 
tout au long du cours que la d6rive d‘une r6pr6sentation 
mentale s&iiique, efficace, pour le vol de nuit ntkessite 
plusieurs dizaines et mCme centaines d‘heures d’exp2- 
rience dans ces condition:;. Cette reprbentation est d ~ f 6 -  
rente de la repr6sentation du mCme travail de jour. Pour 
toutes ces raisons, il semb1.e bien qu’il y ait un gain 6vident 
& masser relativement l’enmafnement de nuit et & faire qu’il 
occupe une part non r&luite & la portion congrue de 
1’enuahementjournalier(cequiestencoretropsouventle 
cas). La cdation d’ unit& s&ialiskes dans le vol de nuif 
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effectuant au moins lamoitiede leur heuresdevol dans ces 
conditions, serait m&me tout & fait logique dans cette 
demarche; IesForces US et Anglaises semblent avoirdans 
cette perspective une bonne avance sur les pratiques des 
autres Forces des Arm6e.s de I'OTAN. 

L'adhuation progressive des instructious ogra- 
tionnelles est une autre condition du succ2s & terme de ces 

RASMUSSEN J. (1986) Information processing and 
human-machine interaction, Amsterdam, North 
Holland 

SANTUCCI G. MENU J.P. AMALBERTI R.(1984) La 
prise d'information par le pilote dans les avions de 
combat futurs, in Advanced high performance aircraft 
: human factors considerations, AGARD CP 37 1.10.1- 

syskmes desupplhnce. Laguenedenuit estdifferentede 
laguerre dejour, et L'handicap de la vision touche autant les 
adversairesquelepilotedans son&ronef. Ilestevident que 
les conditions de combat de nuit ne seront jamais totale- 
mentequivalentesauxconditions decombatde jour. I1 faut 
donc cemer ce qui reste effectivemeut raisable de nuit 
dans le cadre tactique, spkifier le type de mission h 
pratiquer, et le niveau d'exigence de la performance dans 
ce type de mission, a h  de ne pas imposer aux pilotes des 
prises de risque disproportionn6es par rapport aux capaci- 
ti% r6elles des systkmes technologiques mis & leur service. 

R~FERENCES 
AMALBERTI R. (1988" Pilotes superviseurs et gestion- 

naires de syskmes complexes, AGARD CP 425, 
17.1-17.9 

AMALBERTI R. VALOT C. CACCIABUE C. DECOR- 
TIS F. DROZDOWITCZ B. (1991) Modelling 
preferences in process control : the importance of 
metaknowledge. in "(eds) Andersen H. Pederseu S. 
Cacciabue C. Reason J. Cognitive processes and 
resources, MOHAWC deliverables 3,RiM nat lab, 
DK, 1-25 

AMALBERTIR. (1992) Safety in flightoperations, in 
(eds) Wilpert B. Qvale Th., New technology, 
safety and systems reliability, L. Erlbaum 
Publisher, NY 

HOC J.M. (1987) Psychologie cognitive de la planifica- 
tion, PUF, Paris 

LEF'LAT J. (1985) Erreur humaiue, fnbilite humaine 
dans le travail, Collection U, A. Collin, 
Paris.MENU J.P.(1989) degradation detail fins 

MENU J.P. (1983) Perception visuelleetaides &lavision 
noctume, Rev. Med . Aero. spatiale, 22(85)107- 
111 

de MONTMOLLIN (1986) L'intelligence de la ache, P. 
Lang, Beme. 

MUIRB. (1987)Trustbetween humanandmachines,and 
the design of decision aids Int. J. Man-machine 
studies, 27 (5%6), 527-539 

PAPIN J.P. MENU J.P. SANTUCCI G. (1981) Vision 
monoculaire et vol tactique en h6licopkre. Agard 
CP312,21-1-21-14 

PIAGET J. (1974) La prise de conscience, PUF, Paris. 

10.7.1984. 
SHIFFRIN H., SCHNEIDER W. (1977) Controlled and 

automatic human information proecessing, Psycholo- 
gical review, 84,127-190 

SPERANDIO J.C.(1980) La psychologie en ergonomie, 
PUF le Psychologue, Paris. 

VALOT C. AMALBERTI R. (1989) Les redondances 
dans le traitement des donn6es. Le mvail humain, 
52 (2). 155-174. 

VERMERSH P. (1978) Une problematique thbrique en 
psychologie du travail : essais d'applications des 
thbries de J. Piaget h l'analyse du fonctionnement 
cognitif de l'adulte, Le travail Humain, 41, 265- 
278 

WIENERE. NAGELD. (1988) Human factorsinaviation. 
Orlando, Academic Press. 





NIGHT VISION DEVICES AND CHARACTERISTICS 

H. Lee Task, PhD 
AUCFHV 

Armstrong Laboratory 
Wright-Patterson AFB. Ohio 45433 

SUMMARY 

Night vision goggles (NVGs) are widely used to 
enhance visual capability during night operations. 
NVGs are basically composed of an objective lens 
which focuses an image onto the photo-cathode of 
an image intensifier tube which in turn produces 
an amplified image that is viewed through an 
eyepiece lens. There are several versions of 
NVGs in use and in development. These include 
the ANIPVS-5, AN/AVS-6, PVS-7, Cat's Eyes, 
Nite-Op, Eagle Eyes, Merlin, and others. The 
first section of this paper provides a brief 
description and characterization of each of these 
NVGs. 

There are several parameters that are used to 
characterize the image quality and capability of 
the NVGs. These parameters include field-of- 
view (FOV), resolution, spectral sensitivity, 
brightness gain, distortion, magnification, optical 
axes alignment, image rotation, overlap, 
beamsplitter ratio, exit pupil diameter, eye 
relief, and others. Each of these is discussed in 
the second section of this paper. 

CURRENT NIGHT VISION GOGGLES 

In general, all NVGs are similar in that they all 
have three basic components: an objective lens 
system, an image intensifier, and an eye lens 
system. However, there are several ways in 
which these different components can be designed 
and configured which vary the trade-off between 
some of the design parameters. 

The heart of any NVG is the image intensifier 
tube. Both second and third generation tubes are 
in wide use in fielded systems today. The second 
generation image intensifier tubes (typically 
referred to as "gen 11") are sensitive to light 
from about 400 nm to about 900 nm whereas the 
more sensitive third generation tubes are 
sensitive from about 600 nm to a little over 900 
nm (see figure 1). This compares to a human 
visual spectral sensitivity that ranges from 
about 400 nm to 700 nm. The "gen Ill" tubes are 
about 4 to 5 times more sensitive to night sky 
illumination than the "gen 11" tubes but they also 
cost significantly more. 

I '  

I I I 

Wavelength (nanometers) 

Figure 1. Spectral sensitivity of second and 
third generation image intensifier tubes. 

The following sections provide a brief 
description of several fielded and developmental 
NVGs with an abbreviated table of some of their 
key characteristics. 

.e!&5 

The US Army developed the PVS-5 NVGs for 
use by vehicle drivers and ground troops. When 
these NVGs were initially fielded they all used a 
second generation image intensifier tube. 
Although in later years some have been produced 
with a so-called "second gen plus" tube which 
provided about twice the gain as the original gen 
II tube. There are currently three versions of 
the PVS-5 (a, b, and c) which vary in their 
mounting mechanism, objective lens and image 
intensifier tube characteristics; but they all have 
the same basic construction. The PVS-5 is 
composed of two in-line oculars. Each ocular has 
an objective lens located directly in front of the 
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image intensifier tube. The objective lens 
produces an image of the outside sceine directly 
on the photo-cathode of the image intensifier 
tube. Since the objective lens inverts the image 
of the outside scene it is necessary to employ a 
fiber optics "twister" to rotate the amplified 
image back to an upright orientation. An 
eyepiece lens is located directly behind the 
output of the image intensifier and acts as a 
simple magnifier lens for viewing the output 
image. The objective lens and eyepiece lens have 
the same focal length to produce a system with 
approximately unity magnification. The eyelens 
is adjustable to accommodate -6 to + 2  diopters 
of correction to compensate for wearers who 
require eyeglasses. 

The housing for the PVS-5 is somewhat bulky 
with a padded back surface that rests against the 
face. When originally fielded the PVS-5 was 
mounted to the head by a series of straps that 
went around and over the head. Later yersions 
were modified to attach to a flyers helmet and 
had much of the housing cut out to permit the 
wearer to view under the NVGs at flight 
instruments (McLean, 1982). This lod to the 
PVS-5c version. Table 1 is a brief summary of 
the key characteristics of the PVS-5 NVG. 

Table 1. PVS-5 Characteristics 

Field-of-view (FOV): 40 degrees circ.ular 
Resolution: 20150 - 20I70 Snellen 
Exit pupil: Norm 
Beamsplitter: No 
Eyelens Adjustment: 
Weight: 880 gm (31 OZ;I 

-6 to +2 diopters 

The PVS-5 NVG does not have a real exit pupil 
since it does not use a relay lens. The resolution 
range shown in Table 1. reflects the range of 
values that have been published by different 
authors over the past 10-12 years. :Since the 
image intensifier tube is a key component in 
limiting resolution it is most probable that the 
20I50 Snellen acuity (published in more recent 
documents) is a result of improved image 
intensifier manufacturing and design. 

ANIAVS-6 ( A N U  

The ANIAVS-6 or aviator's night vision 
imaging system (ANVIS) NVGs were dev'doped by 
the US Army specifically for use in lielicopter 
flying. These were also designed using third 
generation image intensifier tubes which has led 
to some confusion in terminology. The ANVIS 

NVGs have also been referred to as third gen 
NVGs and the PVS-5s as second gen NVGs 
primarily because those tubes came with the 
original systems. However, second generation 
plus tubes have been installed in ANVlS type 
housings so the correct designation should include 
both the NVG type (e.g. ANVlS or PVS-5) and the 
image intensifier tube (e.g. second gen, second 
gen plus, or third gen:i to prevent confusion. 

The ANVIS NVGs look very much like a pair of 
binoculars. The fundamental optical design is 
very similar to the F'VS-5 in that an objective 
lens focuses an image onto the photo-cathode of 
the image intensifier tube, a fiber optics twister 
re-inverts the output image that is viewed by a 
simple magnifier eyepiece lens. The mounting 
system is substantially different in that the 
ANVIS was originally designed to attach to a 
helmet. The mounting system provides 
adjustments for inter-pupillary distance, tilt, 
vertical, and forelaft position. The objective 
lens was also of a lovver Flnumber (ratio of focal 
length to diameter of lens) to improve its light 
gathering capability and thereby increase the 
overall gain of the NVG. Table 2 is a summary of 
the key characteristics. of the ANIAVS-6 NVG. 

Table 2. ANIAVS-6 Characteristics 

Field-of-view: 40 degrees circular 
Resolution: 20I40 - 20150 Snellen 
Exit pupil: None 

Eyelens Adjustment: 
Weight: 550 gm 

Beamsplitter: No 
-6 to +2 diopters 

ANIPVS-7 

In an effort to reduce costs for providing NVGs 
to ground forces the US Army developed the 
PVS-7 NVGs. This NVG is unique in that it is 
biocular: it has one objective lens, one image 
intensifier but two eyepieces. The objective lens 
and image intensifier tube configuration is 
similar to the PVS-5 and ANVIS; however, since 
the optical system used to split the image for the 
two eyes re-inverts the image it was not 
necessary to twist the fiber optics to do the re- 
inversion. However, ,a fiber optics conduit was 
still used (without twist) since it was integral to 
the manufacture of the tube. 

Another significant difference between this 
NVG and the ones previously discussed is that it 
uses a relay lens to transfer the image from the 
output of the image intensifier tube to the 
eyepiece lenses. This causes the creation of a 



real exit pupil (see later section on NVG 
characteristics). Table 3 is a summary of the 
key characteristics of the PVS-7 NVGs. 

Table 3. PVS-7 Characteristics 

Field-of-view: 40 degrees circular 
Resolution: 20l40 - 20l50 Snellen 
Exit pupil: 10 mm dia 

Eyelens Adjustment: 
Weight: 580 gm (w/mount) 

Beamsplitter: No 
-6 to +2 diopters 

It should be noted that the PVS-7 NVGs are not 
considered suitable for piloting aircraft for 
safety reasons: if the image intensifier tube fails 
then the image is lost to both eyes whereas with 
the PVS-5 or ANVIS if one channel fails the other 
is still available. 

NITE-OP NVGS 

The Nite-Op NVG was developed by Ferranti 
International for the British military as an 
improvement over the ANVIS NVGs. The basic 
design is very similar to the ANVIS NVGs but the 
mounting system is much more ruggedized and 
the field-of-view is larger. In addition, the 
eyepiece lenses are much larger in diameter 
which permits larger eye relief and/or larger 
mountinglpositioning tolerance with respect to 
the wearer's eyes. Table 4 is a summary of key 
characteristics of the Nite-Op NVGs. 

Table 4. Nite-Op NVGs 

Field-of-view: 45 degrees circular 
Resolution: 20l40 ~ 20150 Snellen 
Exit pupil: None 

Eyelens Adjustment: 
Weight: 750 gm 

Beamsplitter: No 
-3.5 to + O S  diopters 

Cat's Eves NVGs 

The Cat's Eyes were developed and are 
produced by GEC Avionics In UK. The front end 
optical system is similar in basic design to the 
ANVIS but the eyepiece optics are significantly 
different. These NVGs were designed to provide 
a see-through combiner (beamsplitter) in front of 
each eye which allows the wearer to see his 
instrument panel or head-up display (HUD) 
directly without going through the image 
intensifier. This concept was developed to allow 

a pilot to view his aircraft HUD without the loss 
of image quality that might occur if helshe 
viewed the HUD through the image intensifier 
system. 

However, this design concept requires that the 
optical path after the image intensifier tube be 
folded which leads to a smaller obtainable field- 
of-view. In addition, the beamsplitter reduces 
the luminance from the image intensifier tube 
thus reducing the gain of the system. Table 5 is 
a summary of the Cat's Eyes NVGs. 

Table 5. Cat's Eyes NVGs 

Field-of-view: 30 degrees w/clipping 
Resolution: 20140 - 20150 Snellen 
Exit pupil: None 
Beamsplitter: Yes 
Eyelens Adjustment: Norm 
Weight: 750-800 gm 

The folding of the optical system results in a 
circular 30 degrees field-of-view with some 
clipping of the image in the lower right and lower 
left. This makes the actual FOV appear something 
like a baseball diamond viewed from above. - 

All of the previously discussed NVGs have been 
fielded and are in use in mil.itary applications 
somewhere in the world for either ground or 
aviator use. The Eagle Eyes NVG designed by 
Night Vision Corporation is stil l under 
development. The unique feature of the Eagle 
Eyes NVGs is that the optical system for both the 
objective lens and eyepiece lens are folded to 
produce a low profile NVG that fits fairly close to 
the face. In order to do this, the objective lens 
apertures are spaced further apart than the 
distance between the two eyes producing some 
stereopsis exaggeration at close distances. The 
Eagle Eyes are also designed with a beamplitter 
eyepiece lens system to permit direct viewing of 
the HUD andlor instrument panel. Table 6 is a 
brief summary of the key characteristics of the 
Eagle Eyes. 

Table 6. Eagle Eyes NVGs 

Field-of-view: 40 degrees circular 
Resolution: 20l40 - 20l50 Snellen 
Exit pupil: None 
Beamsplitter: Yes 
Eyelens Adjustment: None 
Weight: 580 gm 
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Due to the nature of the folding iri the Eagle 
Eyes optical system there is very little eye 
relief and the peripheral vision is reduced. These 
were the trade-offs to obtain the extremely low 
profile of these NVGs. 

hEBuWY3 

MERLIN (Modular, Ejection-Rated, Low-profile, 
Imaging for Night) is under development by ITT 
corporation. It uses two separate, independently 
adjustable oculars and a unique imagts intensifier 
tube design. The image intensifier tube and 
power supply have been repackaged. The tube 
does not use a fiber optics faceplato or twister 
which allows for improved resolution. The 
optical system does employ a relay lens that 
produces a real exit pupil. The system is 
designed to fit onto existing HGU-53 and HGU-55 
aviator helmets. Table 7 is a summary of the 
MERLIN characteristics. 

Table 7. MERLIN NVGs 

Field-of-view: 35 degrees circular 
Resolution: 20/35 - 20/40 Snellen 
Exit pupil: 10 mm dia 
Beamsplitter: Yes or No (optional) 
Eyelens Adjustment: None 
Weight: 800 gm 

cL"- 

There are several other NVG systems that 
have been developed but due to their proprietary 
status they are not discussed here. The systems 
that have been presented provide a fairly 
complete coverage of the different approaches 
(beamsplitter vs beamsplitter; pupil lorming vs 
non-pupil forming; folded vs non-folded optics; 
biocular vs binocular; fiber optics twiijter vs no 
twister; etc) that have been tried. 

Another device that is closely related to the 
NVGs and has been retrofit to some NVGs is the 
NVG-HUD. The NVG-HUD was designed to provide 
critical flight information symbology overlaid on 
the NVG FOV. Several different designs have 
been developed to retro-fit to existing NVGs and 
there is a desire by some organizations to include 
the symbology generation capability as an 
integral part of the NVG for aviation USE. 

NIGHT VISION GOGGLES CHARACTERISTICS 

There are many parameters that are used to 
characterize night vision goggles. This section of 

the paper discusses a large number of these 
parameters and how they relate to vision. Table 
8 is a list of these parameters. 

Table 8. NVG Design Parameters 

Field-of-view Signal-to-noise ratio 
Image quality Luminance uniformity 
Exit pupil size Luminance level 
Eye relief Luminance gain 
Image location Beamsplitter ratio 
Magnification Fixed pattern noise 
Image rotation Binocular parameters 
Distortion Optical axes alignment 

_ .  

Probably the first parameter that most people 
are concerned with in an NVG is the field-of-view 
(FOV). The IFOV is the angular subtense of the 
virtual image displayed to the wearer. This is 
typically expressed in degrees for both the 
vertical and horizontal dimensions, or for the 
diameter of the FOV if it is circular. Another 
practical problem is the trade-off with resolution 
(image quality). The image intensifier has a 
finite number of picture elements (pixels). As 
the FOV is increased these pixels are spread over 
a larger angular expanse resulting in a larger 
angular subtense per pixel which corresponds to 
a lower angular resolution to the observer. 
(Note: this is an oversimplification of this trade- 
off since image quality is more complex than the 
concept of pixels implies but the general 
direction of tho trade-off is the same: larger FOV 
means lower visual resolution). 

The total NVG FOV can be made larger by 
making the FOV of each ocular of a binocular NVG 
partially overlap the other. The visual effects of 
partial overlap may outweigh the value of the 
extended horizontal FOV if the overlap is too 
little. At least one study suggests that there is 
little performance difference between 100% 
overlap and 80% overlap for visual recognition 
performance (LandalJ, 1990) implying that an 
80% overlap binocular NVG may be a good 
compromise betweon the need for larger FOV 
without impacting visual performance. 

Quality 

Image quality is a complex subject that 
involves several other parameters (Task, 1979). 
Probably the key indicator of image quality is the 
modulation transfer function (MTF) of the display 
which describes how much contrast is available 



as a function of spatial frequency (detail). Two 
parameters related to the MTF are gray-shades 
(contrast) and resolution (maximum spatial 
frequency that can be seen or "resolved"). For 
simplicity, the resolution of a display relates to 
the number of pixels. As noted earlier, the 
resolution tends to decrease as FOV increases 
which implies that image quality also decreases 
with increasing FOV; another trade-off of two 
desirable attributes. 

There are some practical problems in 
measuring the resolution of the NVGs. The 
simplest approach to measuring resolution is to 
have a trained observer look through the NVGs at 
a calibrated test pattern under controlled lighting 
conditions. However, the results obtained still 
depend on the visual capability of the observer 
and on the type of test pattern used. Probably 
the most popular test pattern for determining 
resolution is the USAF 1951 Tri-Bar resolution 
pattern. Others that have been used include a 
Landoit "C," a tumbling "E," a standard Snellen 
chart, sine-wave gratings and more recently a 
test pattern made up of pafches of square-wave 
gratings of different spatial frequencies (US Pat 
No. 4,607,923). These different approaches 
yield somewhat different results. 

It should also be noted thal !he resolutions 
listed in the previous tables were all for ideal 
lighting conditions. As the light level is 
significantly reduced the resolution of the NVGs 
drops considerably (20/200 Snelien acuity or 
lower). 

ExiLPWU 

Most NVGs do not have a real exit pupil since 
they do not use relay optics. The exit pupil is the 
image of the stop of the optical system. An exit 
pupil is formed as a result of using relay optics 
to produce an intermediate image plane which is 
then viewed by an eyepiece lens. This is in 
contrast to a simple magnifier optical system 
which uses a single lens system (no intermediate 
image) and therefore does not produce a real exit 
pupil. In a darkened room with the NVG activated 
the exit pupil can be observed by placing a piece 
of white paper near the designed eye position. If 
the NVG forms a real exit pupil then a circular 
spot of light will be observed imaged on the 
paper. As the paper is moved closer to and 
further away from the optical system there is a 
point at which the disc of light has a minimum 
diameter with sharply defined edges. The 
diameter of this disk of light is the diameter of 
the exit pupil of the system (Self, 1973). 

When the eye pupil is fully within the exit pupil 
of the NVG then the entire FOV is observed; if the 
eye pupil is only partially in the exit pupil (and 
the exit pupil is unvignetted) then the observer 
will still see the entire FOV but it will be reduced 
in brightness. This can be particularly 
disconcerting for NVGs used in high performance 
aircraft because the pilot may not know whether 
he is starting to lose the exit pupil or if he is 
starting to get visual "grey out" from high 
acceleration maneuvers. Once the eye pupil is 
outside the exit pupil then none of the NVG FOV 
can be seen. It should also be noted that the NVG 
FOV may become vignetted (lose pan of the 
image) if the eye pupil is too close to or too far 
away from the exit pupil. 

From a visual capability standpoint it is 
important for the exit pupil to be as large as 
possible to ensure the eye pupil will remain 
within it to permit viewing of the NVG. 
However, large exit pupils typically come only at 
the expense of greater size of optics and weight 
on the head. In addition, if the FOV is very large 
then the eye must rotate to view the edge of the 
display. Since the eye rotates about a point 
within the eye, the eye pupil moves within the 
NVG exit pupil. If the NVG exit pupil is not large 
enough then it is possible for the entire display to 
disappear every time the observer tries to move 
his eyes to view the edge of the display. Exit- 
pupil-forming optical systems also increase the 
difficulty of making accurate adjustments for 
binocular or biocular NVGs in that each eye pupil 
should be centered in each exit pupil of the NVGs. 

EYidQM 

The eye relief is the distance from the exit 
pupil to the nearest part of the NVG optical 
system. If the NVG is non-pupil-forming then the 
eye relief is the distance from the NVG optical 
system to the furthest back position of the eye 
where the eye can still see the entire FOV of the 
NVG. 

As with so many other NVG parameters, larger 
eye relief usually means larger and heavier 
optics. The reason for having a large eye relief 
is to allow the use of eyeglasses with the NVG 
(Self, 1973; Task et al, 1980). 

All NVGs produce a virtual image which is 
viewed by the observer. The virtual image is 
produced at an optical distance that depends on 
the adjustment of the eyepiece (if the NVG has an 
adjustable eyepiece). For NVGs that do not have 



an adjustable eyepiece the virtual image is 
typically adjusted for near infinity. The 
adjustable eyepiece was provided to allow the 
wearer to set his eyeglass prescription 
(spherical power) on the eyepiece so he would 
not require eyeglasses to see the NVG image 
clearly. 

e Level 

The luminance of the NVG image depends both 
on the luminance of the image source and the 
transmission efficiency of the optical system 
(note: it does NOT depend on the amount of 
magnification since it produces a virtual image). 
For NVGs that use a combiner the NVG image 
luminance level also depends on the combiner 
(beamsplitter) reflectance and transmittance 
coefficients. 

€inocular P a r a m e m  

There are several other parameters that 
become important if the NVG is binocular. These 
include inter-pupillary distance (IPD-the distance 
between the exit pupils of the twcl oculars), 
image alignment between the two oculars, 
luminance balance, magnification balance, and 
image rotation balance. 

There are several undesirable visual effects 
that may occur in binocular NVGs. Those include 
binocular disparity (retinal rivalry) due to 
luminance imbalance, image misalignment, 
accommodation differences, and/or (differential 
distortion. When binocular disparity is 
sufficiently severe the observer may m e  double 
images or may suppress one of the two disparate 
images. A more insidious problem is when the 
binocular disparity is not large enough to cause a 
loss of image fusion but is enough to result in 
"eye strain" or visual fatigue. This can lead to 
headache or nausea during extended use but may 
not show any effects for short term use. 

There have been some efforts to define the 
limits for these types of parameters (Self, 1973 
and 1966; Landau, 1990). 

Luminance and lum inance cia in 

In most of the literature relating to N'JGs these 
parameters are usually referred to as brightness 
and brightness gain. However, since luminance is 
what one measures and brightness is the visual 
sensation that one sees it is more appropriate to 
use the terms luminance and luminanco gain for 
these parameters. 

Night vision goggles are essentially light 
amplifiers, they cannot work in complete 
darkness. However, they do have a different 
spectral sensitivity than the human eye which 
makes the concept of luminance gain a little more 
difficult to define. For example, the eye cannot 
see light at 900 nanometers but the NVGs are 
very sensitive to light in this wavelength range. 
Since luminance gain is the ratio of output 
luminance to input luminance and since luminance 
is only defined for the spectral sensitivity of the 
eye, it is possible to obtain an infinite luminance 
gain for a 900 nanometer input source (Le. the 
luminance of any amount of light at 900 
nanometers is zero since the eye is not sensitive 
to this wavelength but this will produce a non- 
zero output luminance; dividing output by the 
input results in dividing by zero producing an 
infinite gain). To overcome this problem it is 
necessary lo define a specific spectral 
distribution for the input light source which does 
have a non-zero luminance. A blackbody radiator 
at 2656K was selected since it is a standard 
lamp source and has a spectrum that closely 
approximates night sky illumination. This is the 
same standard source that was selected by the 
US Army for measurement of the image 
intensifier tubes that are contained within the 
NVGS. 

The luminance gain is usually measured for a 
specific input luminance since the gain can change 
with input level. The luminance output is 
measured on axis at the highest input luminance. 

Due to the fiber optics and light fall-off with 
angle typical of lens systems the central part of 
the field-of-view of the NVG image is usually of 
higher luminance than the edge of the FOV. This 
is measured by scanning with a photometer 
across the entire FOV to obtain a luminance 
profile of the NVG image. Uniformity can be 
specified by comparing the luminance at the 
center of the FOV with the luminance at a 
specified off-axis angle (e.g. 18 degrees off axis 
for the 40 degree FOV NVG). The uniformity is 
then expressed as a ratio of center luminance to 
edge luminance (e.g. 31). 

Distort 
. .  . ion. imaae rotation. maanificatLQn. and 
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These four parameters are grouped together 
because they can be measured using the same 
basic set-up and data. The different quantities 



are obtained by performing different analyses on 
the data. 

Distortion is probably the most difficult 
parameter because there are several types of 
distortion that the NVGs may incur. The optical 
system may cause barrel or pincushion distortion 
and the fiber optics twister (which is in many but 
not all NVG designs) may produce shear effects 
or "S" distortion. Of all of these, the procedure 
herein described is primarily directed at the "S" 
distortion although evidence of shear and barrel 
distortion may also be detected. "S" distortion 
originates in the fiber optics plug which is used 
to invert the image on the image intensifier. The 
fused fiber optics plug is heated and twisted 
approximately 180 degrees. The "S" distortion 
is so named because there is usually a small 
amount of residual effect due to the twist that 
produces an "S" shaped curve for a straight line 
input. The more the line departs from a straight 
line the worse the distortion. 

As noted above, the fiber optics plug is twisted 
through approximately 180 degrees but may be 
somewhat more or less than a true 180 degree 
twist. Any departure from a perfect 180 twist 
will result in the output image rotated compared 
to the input image. This effect may also be 
enhanced by inaccurate alignment of mirrors in a 
folded optical system. 

Most NVGs are designed to have unity 
magnification. However, if there is a mismatch 
between the objective lens of the NVG and the 
eyepiece lens it is possible to have a small 
amount of magnification (or minification). 

Since the combination of objective lenses, 
folding optics, image intensifier and eyepiece 
lenses is relatively complex, it is possible to 
have a mismatch between the input optical axis 
and the output optical axis. Thus objects that are 
at a particular field angle in reality may appear 
at a different field angle through the NVGs. 

Many of these effects discussed are typically 
not a significant problem by themselves or for a 
single ocular. But the combination of a small 
amount of distortion, rotation, magnification 
andlor misalignment in one ocular with a 
different amount (and direction) of these effects 
in the other ocular may result in a significant 
binocular rivalry problem. 

A complete description of the procedures for 
measuring these parameters is beyond the scope 
of this paper but can be found in Task et al 
(1989). 

Typically the signal-to-noise ratio (SNR) is not 
specified or measured for the NVG as a whole but 
rather is specified as a parameter of the image 
intensifier tube by itself. The SNR is a measure 
of how much scintillation appears in the NVG. 
The lower the SNR the noisier the image looks 
and the poorer the image appears. The details of 
measuring SNR are beyond the scope of this 
paper: suffice to state that in general, observed 
resolution is poorer for lower SNR tubes 
(Riegler, et. ai.; 1991). 
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SUMMARY 

This paper is divided into two main sections: 
Visual significance of Night Visision Goggles (NVG) 
characteristics and CockpiVNVG integration 
issues. The first section deals with the 
relationship between the NVG characteristics 
discussed in the previous paper and visual 
capability. The second section explores several 
issues associated with successfully integrating the 
NVG with the aircraft cockpit for optimum system 
performance. 

VISUAL SIGNIFICANCE OF NVG CHARACTERISTICS 

Table 1 is a listing of the NVG parameters 
discussed in the previous paper paired with the 
visual parameter that it is most closely related to. 
Each of these is discussed in the following 
sections. 

Table 1. NVG and Vision Parameters. 

NVG PARAMFTFRS VISION PARAMFTEBS 

Field-of-view 
Image quality 
Exit pupil size 
Eye relief 
Image location (focus) 
Luminance level 
Luminance gain 
Luminance uniformity 
Beamspiitter ratio 
Distortion 
Magnification 
Inputloutput align. 
Image rotation 
Fixed pattern noise 
Signal-to-noise ratio 

Visual field 
Visual acuity 
Eye pupil diameter 
Eyeglasses 
Accommodation 
Brightness 
Visual acuity 
Image perception 
Image perception 
Image perception 
Binocular effects 
Binocular effects 
Binocular effects 
Maskingldistraction 
Visual acuity 

. _  (FOV1 

The visual parameter that corresponds to the 
NVG FOV is the human eye's visual field which is 
approximately 200 degrees horizontally and 120 
degrees vertically (Wells et al, 1989). However, 

this is somewhat misleading since the visual 
acuity over this range is quite varied. Only the 
central 3-5 degrees provides high-acuity vision; 
the visual acuity drops off quite rapidly outside of 
this area. This means that for a 40 degree FOV 
NVG some of the resolution on the display is not 
baing used by the visual system; but the "extra" 
FOV is important for providing peripheral vision 
information. 

The total FOV may be increased by partially 
overlapping the two NVG oculars as noted in the 
previous paper. At least one study suggests that 
there is little performance difference between 
100% overlap and 80% overlap for visual 
recognition performance (Landau, 1990) implying 
that an 80% overlap binocular NVG may be a good 
compromise between the need for larger FOV 
without impacting visual performance. However. 
in real NVG oculars there are other factors that 
may produce undesirable binocular effects in the 
overlap region. If the oculars have a signficant 
center to edge luminance non-uniformity then this 
could result in a binocular luminance imbalance for 
parts of the overlap image region. Barrel or 
pincushion distortion may not be noticeable for 
fully overlapped oculars but if they are only 
partially overlapped then the distortion may result 
in a mismatch between corresponding points in the 
two oculars (Self, 1986) producing binocular 
r ivalry. 

lmaae Qu& 

The visual parameter corresponding to image 
quality (resolution & contrast) is visual acuity. 
Normal visual acuity for the human eye is 
approximately one minute of arc for high contrast, 
brightly lit targets. 
reduced for lower light levels such as those found 
in the NVG display (maximum of about 1 to 2 foot- 
Lamberts with typical operational luminances 
much lower). If one were to match the display 
image quality to the human eye. a first order 
design might result in a pixel on the display 
subtending an angle of one minute of arc. For an 
image source consisting of 500 by 500 pixels, this 

However, this acuity is 
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would mean an angular subtense of the entire 
display of 500 minutes of arc, or 500/130 = 8.3 
degrees. While this NVG might result in good 
image quality to the human eye, it would be an 
extremely small display. Most NVGs provide a 
FOV that results in an angular resolution larger 
than one minute of arc suggested by human visual 
acuity. 

Exwui l  

When the eye pupil is fully within the exit pupil 
of the NVG then the entire FOV is observed; if the 
eye pupil is only partially in the exit pupil (and the 
exit pupil is unvignetted) then the Observer will 
stili see the entire FOV but it will be reduced in 
brightness. This can be particularly disconcerting 
for NVGs used in high performance aircraft 
because the pilot may not know whether he is 
starting to lose the exit pupil or if he is starting to 
lose consciousness from high acceleration 
maneuvers. Once the eye pupil is outside the exit 
pupil then none of the NVG FOV can be seen. It 
should also be noted that the NVG FOV may become 
vignetted (lose part of the image) if the eye pupil 
is too close to or too far away from the exit pupil. 

From a visual capability standpoint it is 
important for the exit pupil to be as large as 
possible to ensure the eye pupil will rernain within 
it to permit viewing of the NVG. However, large 
exit pupils typically come only at the expense of 
greater size of optics and weight on the head. In 
addition, if the FOV is very large then the eye 
must rotate to view the edge of the display. Since 
the eye rotates about a point within the eye, the 
eye pupil moves within the NVG exit pupil. If the 
NVG exit pupil is not large enough then i t  is 
possible for the entire display to disappear every 
time the observer tries to move his eyes to view 
the edge of the display. Exit-pupil-forming optical 
systems also increase the difficulty of making 
accurate adjustments for binocular or biocuiar 
NVGs in that each eye pupil should be centered in 
each exit pupil of the NVG. 

Fve Reliaf 

As with so many other NVG parameters, larger 
eye relief usually means larger and hea'irier optics. 
The reason for having a large eye relief Is to allow 
the use of eyeglasses with the NVG (Self, 1973; 
Task et al, 1980). The eyeglasses may be for 
visual correction, eye protection or both. 

In order to obtain good image quality the eye 
lens must focus at the same optical distance as the 
virtual image produced by the eyepiece. For young 
eyes which have a fairly large accommodative 
range there is a tendency to set the focus (for 
NVGs that have eye-Ions diopter adjustment) so 
that the image is too near. The image may look 
clear but long term wear of the NVGs with the 
image at a close distance may lead to visual 
fatigue. For night operations it makes sense to 
have the NVG image ftwssed at the same distance 
as the aircraft panel instruments to minimize the 
time required to visually switch between looking 
at the NVG and looking at flight instruments. 

Luminance4 

Brightness is the visual sensation or perception 
that corresponds to luminance. The luminance 
level has a significant effect on the pupil diameter 
of the eye; a higher light level means a smaller 
pupil diameter and vice versa. The visual acuity 
of the human eye also varies with eye pupil 
diameter (Farrell & Booth, 1984). However, for 
NVG applications the luminance must be kept 
reasonably low to match cockpit lighting levels for 
night operations. Thus; the resolution observed on 
the NVG may well be a result of a combination of 
the inherent resolution of the NVG and the limits of 
visual acuity of the eye at low light Ieveis. 

There isn't a direct visual analog to luminance 
gain. However, the higher the gain of an NVG for a 
given ambient lighting level then the higher the 
output luminance, which should result in higher 
visual acuity. A study by Levine and Rash (1989) 
stated that an 80% reduction in output luminance 
(equivalent to an 80% reduction in gain) by using a 
filter did not result in a statistically significant 
reduction in visual acuity. However, for starlight 
conditions their data showed a 37 percent 
reduction in visual aciJity (not statistically 
significant) which is a rather substantial loss. 

Luminance uniformity is probably not a critical 
factor for visual performance or acceptance 
providing the luminance variation is gradual and 
not excessive. A ratio of 3:l center to edge 
luminance variation in hIVGs is not unusual. 
However. if the two MVG oculars are used in a 
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partial overlap mode to increase the horizontal 
FOV then the luminance uniformity might be of 
more concern since this would produce a binocular 
luminance mismatch between the two eyes. 

contrast (95%) high luminance (25% moon) the 
improvement was only about 10%. 

(comb- 

. .  . imaae rotation. -tion. a& 
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These four geometric mapping parameters are 
grouped together since, with the exception 
perhaps of distortion, they are all primarily a 
problem only for binocular systems. If a 
monocular image is slightly rotated. or slightly 
different from unity magnification or slightly 
shifted in position (optical axes alignment) it 
really doesn't affect the visual system. However, 
if the image in one eye is rotated relative to the 
image in the other eye at some point the amount of 
rotation is sufficient to cause the visual system to 
be unable to fuse the two images. This could result 
in double images or in suppression of one of the 
images. Similar effects occur if there is a 
mismatch between the two eyes due to distortion, 
magnification, or image position differences 
between the two oculars. 

There may also be a less obvious effect due to 
geometric image mismatch. If the differences are 
not sufficient to cause image suppression or double 
imaging they still may be sufficient to cause eye 
fatigue, nausea, and or headaches when these 
slightly disparate images are viewed for a long 
period of time. 

In addition, the distortion effects may produce 
undesirable illusions or image motion for dynamic 
viewing situations (such as landing). 

based on their effects on binocular vision and not 
on their individual monocular effects. 

-1-to-noise ratio tSNfQ 

These four parameters need to be specified 

SNR primarily affects visual acuity. Riegler et. 
al. (1991) published a study showing the effect of 
SNR level on visual acuity for different luminance 
levels and contrasts using NVGs. Four PVS-7 
image intensifier tubes were used that ranged in 
value from a SNR of 11.37 to 17.92. As might be 
expected the largest visual acuity differences 
were due to changes in contrast of the targets and 
light level. However, there was a significant 
effect due to the SNR of the tubes. The increase in 
visual acuity going from a SNR of 11.37 to 17.92 
depended on the contrast and lighting conditions. 
For the low contrast (20%), low luminance (1% 
moon) the improvement in visual acuity was about 
27% for the higher SNR tube. But for the high 

The NVG beamsplitter (if one is used) is not 
designed to superimpose the NVG image on the real 
world scene but rather is intended to permit direct 
viewing of the aircraft HUD undegraded by the 
image intensifier system. This is accomplished by 
turning the NVGs off when viewing the HUD and 
turning them back on when viewing through the 
windscreen (the onloff switching is done 
automatically). But, as its name implies, the 
beamsplitter splits the light so that there is a 
reduction in luminance coming from the HUD (due 
to the transmission coefficient of the 
beamsplitter) and a reduction in luminance coming 
from the image intensifier (due to the reflection 
coefficient of the beamsplitter). In general the 
reflection and transmission coefficients must add 
up to a number less than one (assuming the 
beamsplitter coating is neutral with respect to 
wavelength). 
higher transmission means the HUD will be easier 
to see but also means lower reflection coefficient 
which results in a lower NVG scene luminance. For 
best results the beamsplitter probably cannot 
vary too much from a 50-50 split (same 
transmission and reflection coefficient). 

This results in a direct trade-off: 

This parameter primarily refers to the visible 
structure of the fiber optics twister or faceplate 
(if fiber optics are used in the image intensifier 
tube). The fiber optics production method results 
in a hexagonal pattern (also called "chicken wire" 
for this reason) that may become visible under 
higher lighting conditions. This acts as a 
distraction or masking pattern when trying to 
observe the NVG image. At present there is not a 
good means of quantifying this parameter and little 
data on the significance of this parameter with 
respect to visual performance. Typical 
specifications state that the "chicken wire" shall 
not be objectionable. 

COCKPITINVG tNTEGRATlON ISSUES 

Since NVGS do not attach to any part of the 
aircraft it is usually assumed (incorrectly) that 
there really are no integration issues. In fact 
there are several potential integration problems a 
few of which are described herein. 
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One of the earliest and most obvious INVG cockpit 
integration problems was the incompatibility of 
the NVGs with standard cockpit lighting. Most 
cockpit lighting is produced by incandes,cent bulbs 
filtered to produce red, white or blue-'white 
lighting (depending on aircraft) for unaiaded night 
flying. The filtered incandescent lights;, however, 
emit tremendous amounts of near infra.-red energy 
to which the NVGs are very sensitive (700nm to 
900nm). This produces considerable light pollution 
in the cockpit for the NVGs. The result is much 
like sitting in a well-lit room trying to look outside 
at night; the reflected light from the window is far 
greater than the meager light from outside coming 
through the window so one only sees the room 
reflections in the window instead of oukide. 

Several techniques have been developd to 
reduce or eliminate this problem (Holly, 1980; 
Task & Griffin, 1982; Mil Specificatiori Mil-L- 
85762). These techniques include using filters to 
remove the near infra-red, using baffles to 
redirect the light away from the windsc:reen, and 
using alternate lighting sources such a!; electro- 
luminescent lighting (which has a very low infra- 
red component). It should be noted that just 
filtering the incandescent light and making it blue- 
green does NOT mean that the filter has; removed 
the offending infra-red light. Many plastic filters 
that make the incandescent lighting appear blue- 
green are almost totally transparent in the 700- 
900 nm range so one must be careful in selecting 
filters for this purpose. 

The phrase "NVG compatible" when referring to 
aircraft interior and exterior lighting ha,s taken on 
at least two meanings. There is no question that 
the Mil-L-85762 lighting specification intent is to 
insure that the cockpit is illuminated with light 
that is visible to the unaided eye but is as invisible 
as possible to the NVGs. In the case of exterior 
lighting it is desirable to have lighting that is 
visible through the NVGs and to the unaided eye but 
insure that it does not "overpower" the NVGs. 

Yet a third meaning of "NVG compatitlle" is for 
the light source to be visible ONLY to the NVGs and 
not to the unaided eye such as in aircraft landing 
lights for covert operations. Given these different 
interpretations of the phrase "NVG compatible" it 
is recommended that one be explicit in clefining 
exactly what level of NVG visibility is clesired. 

Aircraft head-ur, di@.ay 

Here again is another area in which "NVG 
compatible" is ill-defined. For some applications it 
may be desirable to be able to see the HLID image 

through the NVG image intensifier system (for 
non-beamsplitter NVGs) in which case one would 
like the NVGs to be able to "see" the light from the 
HUD. For other applications where the NVG has a 
combiner for viewing the HUD directly it is 
desirable to have the NVG be totally insensitive to 
the HUD image to prevent double imaging (direct 
view and NVG view). A further concern with some 
recent NVG designs is; that the objective lens of 
the NVG may not be located in a position where it 
can see the HUD. 

If the NVGs are to be used to view the HUD 
symbology then the symbol sizes need to be 
sufficiently large so that the resolution of the 
NVGs can still permit the pilot to easily read the 
symbols. This means the HUD symbol sizes should 
be absolutely no smaller that 20/60 (15 minutes 
of arc) and preferably larger. 

Another issue of NVG and HUD compatibility is 
the transmission coefficient of the HUD combiner. 
The HUD image is produced by reflection from a 
combiner located directly in front of the pilot. 
This combiner therefore reduces the amount of 
light that is available for NVG viewing when 
looking through the combiner (even with the HUD 
off) due to the transmission coefficient of the 
combiner. The transmission coefficient may be 
50% or less which means the scene viewed 
through the combiner will appear significantly 
darker that looking around the combiner. If the 
HUD is "on" it is even more difficult to view 
through the HUD due tO the radiance of the HUD 
symbology. 

Aircraft windscreen 

There are several separate integration issues 
associated with the aircraft windscreen. The 
most obvious is the spectral transmission of the 
windscreen. Most windscreens are designed with 
the visible wavelengths (400-700nm) in mind. 
Some windscreens do absorb light in the very near 
infra-red where the NVGs are most sensitive 
(700-900nm). 
effective gain of the NVGs. Transmission 
coefficients for windscreens measured at their 
installed angle can range from 70% down to 20% 
or less depending on the aircraft and viewing angle 
through the windscreen. As the viewing angle is 
steeper (toward the lower, forward part of the 
windscreen) the percent transmission is lower. 
This is unfortunate since for many applications 
this is the part of the windscreen that is most 
critical for air-ground target acquisition and 
landing. 

with the aperture of tho NVG objective lens. When 

This can significantly reduce the 

Another area of integration concern has to do 
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a pilot views through a windscreen with unaided 
vision his eye pupil is on the order of 2 to 4 mm in 
diameter (daylight through early evening lighting). 
Thick, curved, plastic windscreens don't affect 
the pilot's visual acuity because his eye pupil is 
relatively small (ray bundle sizes are limited by 
the pupil). However, if a larger size aperture is 
used for imaging (such as an NVG objective lens) 
then the size of the windscreen over which the 
wavefront aberrations are averaged is larger and 
the potential for reduced clarity is greater. This 
is typically not a problem for flat glass or thin 
glass windscreens but for the more recent bird- 
strike resistant windscreens made of curved 
plastic it is a very real concern. The effect of the 
interaction on the larger NVG aperture with the 
windscreen is lower effective system resolution. 

A third area of concern has to do with simple 
geometry. The NVGs protrude from the face by a 
considerable distance (as much as 8 inches). For 
small cockpits this can become a problem as pilots 
try to look out to the side where there is not much 
clearance with the windscreen. The NVGs can hit 
the windscreen causing scratches and not making 
the pilot very happy either. 

Some NVG designs position the objective lens 
higher or further off to the side than the natural 
eye position. Windscreens are designed around a 
"design eye" and all optical quality measurements 
are made from this nominal viewing box. Since 
the NVG objective lens may be located at a 
significantly different position there may be a 
considerable decrease in optical quality due to the 
windscreen. In particular, if the objective lens is 
higher and therefore closer to the slanted 
windscreen, it will be looking through the 
windscreen at a steeper angle which tends to 
reduce transmission and to enhance distortion 
effects. 
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INTRODUCTION 

s p e c i f i c  v i sua l  c h a r a c t e r i s t i c s  r e l a t e d  t o  t h e i r  
l i m i t e d  r eso lu t i on ,  f i e l d  o f  view and automat ic  
ga in  c o n t r o l .  
energy t o  which NVGs are most s e n s i t i v e  has 
somewhat d i f f e r e n t  p r o p e r t i e s  as compared t o  
v i s i b l e  l i g h t .  These f a c t o r s  combine t o  produce 
c e r t a i n  e f f e c t s ,  l i m i t a t i o n s  and i l l u s i o n s  no t  
o r d i n a r i l y  encountered w i t h  unaided v i s i o n .  NVG 
v i sua l  t r a i n i n g  f o r  a i r c rew  members i s  conducted 
w i t h  1) d i d a c t i c  p resenta t ions ,  2)  t e r r a i n  board 
s imu la t i on ,  3)  v ideo  t ape  p resenta t ions  o f  
i n t e n s i f i e d  imagery, 4)  f l i g h t  s imu la to r s  
u t i l i z i n g  computer generated imagery and 5) ac tua l  
f l i g h t  w i t h  NVGs. Computer based t r a i n i n g  and an 
i n t e r a c t i v e  v ideod isc  are under development. 

EFFECTS AND ILLUSIONS 

Nigh t  v i s i o n  goggles (NVGs) possess c e r t a i n  

I n  add i t i on ,  t h e  near i n f r a r e d  

NVG e f f e c t s  i n c l u d e  l i m i t a t i o n s  i n  
es t ima t i ng  o r  j udg ing  1) a l t i t u d e ,  2 )  d is tance ,  3 )  
o b i e c t  clearance. 4) a i r c r a f t  c l osu re  ra tes .  and 
5 ) " t e r r a i n  o r  ob j ec t  obscura t ion  and 6) undetected 
meteoro log ica l  cond i t ions .  I l l u s i o n s  can be 
c l a s s i f i e d  as 1) undetected o r  i l l u s o r y  motion, 2)  
mispercept ions o f  a i r c r a f t  a t t i t u d e  and 3 )  
undetected o r  i l l u s o r y  t e r r a i n  con tour  or slope. 

ALTITUDE, DISTANCE AND DEPTH PERCEPTION WITH NVGs 

w i t h  v i s u a l  cues o r d i n a r i l y  ca tegor ized  as e i t h e r  
b i nocu la r  o r  monocular. B i nocu la r  cues i nc l ude  1) 
stereopsis,  2)  vergence and 3 )  accommodation. 
Although some s te reops i s  i s  thought t o  be present, 
t h e r e  i s  almost c e r t a i n l y  no vergence o r  
accommodation e f f e c t  when v iew ing  a f i x e d  NVG 
image c o l l i m a t e d  a t  i n f i n i t y .  S te reops is  can be 
s i g n i f i c a n t l y  a f f ec ted  by a decrement i n  
r eso lu t i on ,  and t h e  t o t a l  b i nocu la r  c o n t r i b u t i o n  
t o  depth pe rcep t i on  w i t h  NVGs i s  probably minimal. 

i s  presumably de r i ved  f rom monocular cues such as 
1) r e l a t i v e  s ize ,  2 )  mot ion p a r a l l a x  ( r e l a t i v e  
motion), 3 )  s i z e  and shape constancy, 4 )  
i n t e r p o s i t i o n ,  5 )  t e x t u r e  g rad ien t  and 6 )  l i n e a r  
perspec t i ve .  S ize  constancy, p a r t i c u l a r l y  of 
f a m i l i a r  c u l t u r a l  ob jec ts ,  i s  an e s p e c i a l l y  
powerful cue. L i k e  s te reops is ,  most monocular 
cues a re  degraded by t h e  l i m i t e d  v i s u a l  a c u i t y  
afforded by NVGS. The r e s u l t  i s  a s i g n i f i c a n t  
decrease i n  d i s t ance  and depth pe rcep t i on  compared 
t o  normal day v i s i on ,  p a r t i c u l a r l y  a t  lower  l i g h t  
l e v e l s  where goggle r e s o l u t i o n  i s  reduced. 

v i r t u a l l y  no depth pe rcep t i on  w i t h  NVGs a t  
d is tances  o f  s i x  t o  e i g h t  meters o r  l e ss ,  even 
under cond i t i ons  o f  good ambient i l l u m i n a t i o n .  
Th is  e f f e c t  may be due a t  l e a s t  i n  p a r t  t o  t h e  
f a c t  t h a t  i n  m s t  s i t u a t i o n s  t h e  goggles have been 
focused a t  i n f i n i t y ,  f u r t h e r  i m p a i r i n g  c l ose  
v i s i on .  Th is  d e f i c i e n t  depth pe rcep t i on  a t  
r e l a t i v e l y  sho r t  d is tances  has r e s u l t e d  i n  a 
number of i n c i den t s  i n v o l v i n g  f o rma t i on  f l i g h t ,  
a i r  r e f ue l i ng ,  and hover o r  l a n d i n g  - e s p e c i a l l y  
i n  t i g h t  l and ing  zones. 

Judgements o f  d is tance  and depth a re  made 

The m a j o r i t y  o f  depth pe rcep t i on  w i t h  NVGs 

It i s  gene ra l l y  be l i eved  t h a t  t h e r e  i s  

Comnensatinn f o r  t h e  narrow f i e l d  o f  view 
~ ~ 

(FOV) Of'NVGs i s  achieved by employing a ~ c o n s t a n t ,  
aggressive scan t o  en la rge  t h e  t o t a l  f i e l d  of 
regard  o f  t h e  a v i a t o r .  An e f f e c t i v e  scanning 
techn ique  i s  e s s e n t i a l  f o r  maintenance of good 
s i t u a t i o n a l  awareness, s p a t i a l  o r i e n t a t i o n  and 
a l t i t u d e  awareness. 
of a l t i t u d e  awareness may occur i f  t h e  scan i s  
i n t e r r u p t e d  (e.9. i f  t h e  neck i s  s p l i n t e d  d u r i n g  a 
h i g h  G maneuver). 
improving scan techn ique  i s  one of t h e  most 
e f f e c t i v e  methods f o r  overcoming a mispercep t ion  
o r  i l l u s i o n  t h a t  has a l ready  occurred. 

Because t h e  r e s t r i c t e d  FOV o f  t h e  goggles 
p rov ides  on l y  l i m i t e d  per iphera l  in format ion,  one 
would assume t h a t  t h i s  mechanism f o r  a l t i t u d e  
and/or d i s t ance  pe rcep t i on  i s  an ambient v i sua l  
f u n c t i o n  de r i ved  f rom c e n t r a l  v i sua l  i npu t s .  An 
enhancement o f  mot ion  p a r a l l a x  cues would be 
expected t o  occur as t h e  p i l o t ' s  scan moves 
l a t e r a l l y ,  producing an increased percep t ion  of 
angular  motion. 

Some mot ion p a r a l l a x  cu i ng  f r o m  c u l t u r a l  
l i g h t s  o r  w e l l  i l l u m i n a t e d  t e r r a i n  undoubtedly 
occurs i n  t h e  ope ra to r ' s  unaided FOV as w e l l .  
Th is  e f f e c t  i s  obv ious ly  h i g h l y  v a r i a b l e  and i t s  
o v e r a l l  c o n t r i b u t i o n  t o  s p a t i a l  o r i e n t a t i o n  and 
d is tance  es t ima t i on  has no t  been adequately 
s tud ied .  

Problems o f  d i s t ance  and depth 
a re  compounded by any th ing  which nega!ively 
impacts r e s o l u t i o n  o r  con t ras t  o f  t h e  scene. 
Common examples are 1) water, 2)  snow covered o r  
low con t ras t  t e r r a i n ,  3) low ambient i l l u m i n a t i o n ,  
4)  unfavorab le  moon p o s i t i o n  5) dense c u l t u r a l  
l i g h t i n g  ( i n c l u d i n g  f i r e s ,  explos ions o r  o t he r  
ordnance e f f e c t s )  and 6)  incompat ib le  cockp i t  
1 i g h t i n g .  

t h e r e  i s  some sur face  t e x t u r e  present  (e.g. boat  
wakes, whitecaps, spray, etc.).  
of s p a t i a l  d i s o r i e n t a t i o n  w i t h  NVGs has been t h e  
r e f l e c t i o n  of s t a r s  by water. There have a l s o  
been s i t u a t i o n s  where p i l o t s  have seen through 
s t i l l  water  t o  t h e  bot tom of a sha l low l ake  
w i t hou t  d e t e c t i n g  t h e  presence o f  t h e  water  
i t s e l f .  
must be conducted as i f  t h e  a i r c r a f t  were i n  
ins t rument  meteoro log ica l  cond i t i ons !  

It i s  w e l l  known t o  a v i a t o r s  t h a t ,  even i n  
d a y l i g h t ,  t e r r a i n  which i s  un i f o rm l y  covered w i t h  
snow u s u a l l y  p rov ides  i n s u f f i c i e n t  cues f o r  
e f f e c t i v e  a l t i t u d e  o r  d is tance  es t imat ion .  With 
NVGs o f  course, t h e  problem i s  aggravated by t h e  
l i m i t e d  r e s o l u t i o n  o f  i n t e n s i f i e d  imagery. Q u i t e  
t h e  oppos i te  e f f e c t  can occur i f  t h e r e  a re  
s u f f i c i e n t  rocks, t r e e s  o r  o ther  f ea tu res  
p r o t r u d i n g  through t h e  snow cover. 
be d rama t i ca l l v  inc reased i n  t h i s  s i t u a t i o n .  

For example, a dramat ic  l o s s  

Experience has a l s o  shown t h a t  

e r cep t i on  

Water i s  v i r t u a l l y  i n v i s i b l e  t o  NVGs unless 

A f requent  cause 

With r a r e  except ion,  f l i g h t  over  water  

Cont ras t  can 

g r e a t l j  enhancjng percep t ion  o f  a l t i t i n e  a n i  
d is tance .  rlowevcr, Lnless c l e a r l y  o i s c e r n i o l e  
oh jec t s  p r o v i d i n g  adeqLate s i z e  constancy C L ~ S  are 
present ,  a miss ion  f lown over snow covered 
landscape w i l l  need t o  be conducted as an 
ins t rument  f l i g h t .  



Other low c o n t r a s t  t e r r a i n ,  such as deser t  
w i t h  l i m i t e d  f o l i a g e ,  may a l s o  p rov ide  inadequate 
cues f o r  e f f e c t i v e  d is tance  es t imat ion .  This  i s  
p a r t i c u l a r l y  t r u e  i n  t h e  Rrabian Desert where 
t h e r e  a re  l a r g e  areas almost t o t a l l y  d w o i d  o f  any 
s i g n i f i c a n t  fea tu res  or c o n t r a s t .  Ever, worse, t h e  
h o r i z o n  and t h e  t e r r a i n  i t s e l f  a re  o f t e n  obscured 
by f i n e  sand and p a r t i c u l a t e  mat te r  suspended i n  
t h e  lower atmosphere. V i s i b i l i t y  can be marginal  
i n  t h e  daytime and almost nonex is ten t  d u r i n g  
darkness. Again t h e  l i m i t e d  r e s o l u t i o n  of NVGs, 
e s p e c i a l l y  a t  lower l i g h t  l e v e l s ,  exaggerates t h i s  
problem. 

F l i g h t  from a w e l l  i l l u m i n a t e d  area i n t o  a 
shadow can pose a s p e c i f i c  hazard i f  t h e  a v i a t o r  
f a i l s  t o  recognize t h a t  a marked change i n  t h e  
l i g h t  l e v e l  has occurred. I f  t h e  p i l o t  makes a 
subconscious at tempt  t o  ma in ta in  ground references 
comparable t o  those o u t s i d e  t h e  shadow, an 
i n s i d i o u s  descent i n t o  t h e  t e r r a i n  can occur. 

much more f r e q u e n t l y  invo lved ,  ve ry  h i g h  l i g h t  
l e v e l s  can a l s o  cause a degradat ion o f  r e s o l u t i o n .  
Because t h i r d  generat ion i n t e n s i f i e r  tubes a re  
designed t o  maximize performance i n  low l i g h t ,  
t h e r e  i s  a tendency f o r  t h e  image t o  "wdsh out," 
o r  l o s e  c o n t r a s t  a t  h i g h  l i g h t  l e v e l s .  The r e s u l t  
i s  a very b r i g h t  image w i t h  reduced c o n t r a s t  
compared t o  t h e  imagery obta ined a t  lower  l i g h t  
l e v e l s  (or  compared t o  second genera t ion  devices 
a t  h i g h  i 11 uminat ion) .  

I n  a d d i t i o n  t o  t h i s  l o s s  of c o n t r d s t .  some 
tubes possess f i x e d  p a t t e r n  noise, or "honey comb" 
( a l s o  most apparent a t  h i g h  l i g h t  l e v e l s ) .  I n  a 
s i t u a t i o n  w i t h  w e l l  i l l u m i n a t e d ,  h i g h l y  
r e f l e c t i v e ,  b u t  low c o n t r a s t  scenery, t h e r e  may be 
so l i t t l e  c o n t r a s t  i n  t h e  image of t h e  t e r r a i n  
t h a t  it c a n ' t  s u c c e s s f u l l y  compete w i t h  t h e  "honey 
comb." I n  t h i s  instance t h e  t e r r a i n  a c t u a l l y  
becomes i n v i s i b l e  u n t i l  o b j e c t s  or fea t i i res  w i t h  
g rea te r  c o n t r a s t  are encountered. 

Anyth ing which heightens c o n t r a s t  w i l l  t end  
t o  improve d is tance  and depth percept ion.  F o l i a g e  
i s  p a r t i c u l a r l y  e f f e c t i v e  because c h l o r o p h y l l  i s  
h i a h l v  r e f l e c t i v e  t o  near i n f r a r e d  enerov. 

Although lower  l e v e l s  o f  i l l u m i n a t i o n  a re  

fo l iage .  However, s i z e  d i f f e r e n c e s  between bushes 
and t r e e s  a re  g e n e r a l l y  not so apparent. There i s  
a r e l a t i v e  d e f i c i e n c y  o f  obvious i d e n t i f y i n g  
c h a r a c t e r i s t i c s  f o r  vege ta t ion  of d i f f e r e n t  s izes,  
and t h i s  can c r e a t e  a very m is lead ing  s i z e  
constancy i l l u s i o n  i f  t h e  a i rc rew i s  u n f a m i l i a r  
w i t h  t h e  area. The tendency i s  t o  f l y  a t  an 
a l t i t u d e  t h a t  makes t h e  vege ta t ion  l o o k  about t h e  
same s i z e  as it o r d i n a r i l y  does. 
hazardous i s  f l i  h t  over t e r r a i n  covered w i t h  
small shrubs o r  iushes by someone accustomed t o  
t rees ,  because t h e  i n c l i n a t i o n  i s  t o  f l y  low 
enough t o  make t h e  bushes appear as larg,? as 
t rees .  L ikewise,  a v i a t o r s  accustomed t o  opera t ing  
over shrub covered t e r r a i n  w i l l  have a b ias  t o  f l y  
h igher  than  usual when f l y i n g  over  t r e e s  so t h a t  
they appear "normal" i n  s i ze .  

t h i s  regard, because our f a m i l i a r i t y  w i t h  t h e  
p r e c i s e  s i z e  o f  most man-made o b j e c t s  makes them 
e s p e c i a l l y  e f f e c t i v e  s i z e  constancy cues.. 
instance,  low a l t i t u d e  h i g h  speed f l i g h t  can be 
conducted w i t h  r e l a t i v e  ease and comfort i f  t h e  
r o u t e  p a r a l l e l s  a power l i n e ,  r a i l r o a d ,  or unused 
highway (minimum of v e h i c l e  l i g h t s )  which prov ides 

P a r t i c u l a r l y  

C u l t u r a l  fea tu res  a re  much more r e l i a b l e  i n  

For  

continuous, r e l i a b l e  cuing. 

a ve rv  neaa t i ve  e f f e c t  on scene r e s o l u t i o n  and. o f  
Moon p o s i t i o n  or c u l t u r a l  l i g h t i n g  can have 
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course, a i t i t u d e  o r  d is tance  percept ion.  
e f f e c t  i s  a f u n c t i o n  o f  t h e  NVG a u t o - b r i l l i a n c e  

Th is  

c o n t r o l  which i s  a f e a t u r e  designed t o  m a i n t a i n  
constant  image luminance. Any b r i g h t  l i g h t  source 
w i l l  r e s u l t  i n  a r e d u c t i o n  of goggle ga in  
s u f f i c i e n t  t o  keep t h e  t o t a l  image b r i g h t n e s s  
w i t h i n  c e r t a i n  p rese t  l i m i t s .  Moon p o s i t i o n  i s  
e s p e c i a l l y  c r i t i c a l  when l a r g e r  areas o f  i t s  
su r face  a re  i l l u m i n a t e d .  I f  one i s  f l y i n g  (o r  
l o o k i n g )  toward t h e  moon or an area o f  dense 
c u l t u r a l  l i g h t i n g ,  t h e  l i g h t  source(s)  w i l l  be 
very  prominent bu t  t h e  r e s o l u t i o n  of any u n l i t  
o b j e c t s  or t e r r a i n  w i l l  be adversely  af fected and 
they  may even be p a r t i a l l y  or t o t a l l y  obscured. 
A l t i t u d e  and d i s t a n c e  e s t i m a t i o n  can be profoundly 
impaired, o r  nonexis tent .  An i d e n t i c a l  e f f e c t  can 
occur  when f l y i n g  toward h i  h l y  r e f l e c t i v e  t e r r a i n  
under c o n d i t i o n s  o f  h i s h  amEient i l l u m i n a t i o n .  
Less r e f l e c t i v e  or shaiowed fea tu res  may no t  be 
v i s i b l e  a t  a l l .  

Moon p o s i t i o n  a l s o  has another  impor tan t  
e f f e c t  on scene d e f i n i t i o n  which i s  r e l a t e d  t o  
t e r r a i n  shadowing. When t h e  moon i s  p o s i t i o n e d  
overhead, t h e r e  w i l l  be few i f  any shadows, and 
t e r r a i n  fea tu res  may be much l e s s  apparent. Th is  
e f fec t  i s  e s p e c i a l l y  n o t i c e a b l e  w i th  low c o n t r a s t  
t e r r a i n  when t h e  moon i s  f u l l ,  or n e a r l y  f u l l .  
Given t h e  r i g h t  combinat ion o f  cond i t ions ,  a l l  
pe rcep t ion  of con tour  may be l o s t ,  producing an 
i l l u s i o n  o f  p e r f e c t l y  f l a t  t e r r a i n ,  when i n  f a c t  
t h e r e  may be q u i t e  a b i t  o f  v e r t i c a l  development. 

There i s  a tendc*ncv f o r  b r i o h t .  red  O P  
~ - .  ~ > . ~ .  ~~ ~ 
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i n f r a r e d  l i g h t  sources, t'b be p a r t i c u l a r l y  
confounding i n  distanc:e es t imat ion .  
t h e  s e n s i t i v i t y  o f  NVGs, t h e  r e l a t i v e  b r i g h t n e s s  

Because o f  

o f  a l i g h t  source i n  a,n i n t e n s i f i e d  image tends t o  
g i v e  t h e  impression t h a t  t h e  l i g h t  i s  much c l o s e r  
than  i t  r e a l l y  i s .  Th is  e f f e c t  i s  a p a r t i c u l a r  
problem i n  j u d g i n g  d is tance  or c l o s u r e  r a t e s  o f  
o t h e r  a i r c r a f t  because t h e  l i g h t s  a re  v i s i b l e  a t  
much g r e a t e r  d is tances  than  t h e  ac tua l  a i r c r a f t ,  
p a r t i c u l a r l y  i n  low l i g h t  c o n d i t i o n s .  
d is tance  e s t i m a t i o n  e r r o r  i n  t h i s  s i t u a t i o n  may be 
on t h e  o rder  o f  tens  of k i lometers .  
shadows tends t o  enhance these l i g h t  source 
e f f e c t s ,  because o f  t h e  inc rease  i n  goggle gain 
which occurs i n  response t o  t h e  r e d u c t i o n  i n  t o t a l  
scene i l l u m i n a t i o n .  Experienced a i r c r e w  members 
l e a r n  t o  look  around t h e  goggles t o  view l i g h t  
sources w i t h  t h e i r  unaided v i s i o n  i n  o rder  t o  
b e t t e r  determine t h e  c o r r e c t  d is tance  t o  t h e  
source. 

MISPERCEPTIONS OF AIRCRAFT ATTITUDE AND TERRAIN 
CONTOUR 

The 

F l i g h t  i n  

Much l e s s  common than  a l t i t u d e  and c learance 
problems a re  mispercept ions o f  a i r c r a f t  a t t i t u d e  
(bo th  p i t c h  and angle-of-bank) and t e r r a i n  slope, 
where t h e r e  may be an i l l u s i o n  o f  s lope  which does 
no t  e x i s t  or ,  more commonly, ac tua l  s lope  may be 
unperceived. V i r t u a l l y  a l l  o f  these i l l u s i o n s  have 
occurred i n  t h e  hover <and l a n d i n g  phases of r o t a r y  
wing operat ions.  I t  i:; l i k e l y  t h a t  some o f  these 
i n c i d e n t s  were caused by some t y p e  of image 
d i s t o r t i o n ,  b u t  i t  i s  n o t  p o s s i b l e  t o  make a 
d e f i n i t e  determinat ion, ,  because t h e  o p t i c a l  
q u a l i t i e s  of t h e  NVGs i n v o l v e d  were n o t  tes ted .  
C e r t a i n l y ,  unperceived s lope  can be t h e  r e s u l t  of 
any th ing  which a f f e c t s  r e s o l u t i o n  o f  t h e  t e r r a i n ,  
i n c l u d i n g  degraded goggle performance, low 
i l l u m i n a t i o n ,  poor r e f l e c t i v i t y  or c o n t r a s t  and/or 
whi teout lbrownout .  
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MOTION ILLUSIONS 

The most f r e q u e n t l y  r epo r t ed  d is tu rbance of 
mot ion o r i e n t a t i o n  i s  unawareness of ac tua l  
a i r c r a f t  d r i f t .  The nex t  most common i l l u s i o n  i s  
t h a t  of d r i f t  when t h e  a i r c r a f t  i s  r e a l l y  
s t a t i ona ry .  It i s  i n t e r e s t i n g  t h a t  i n  bo th  
unrecognized and i l l u s o r y  d r i f t ,  t h e  most common 
d i r e c t i o n  o f  mot ion r epo r t ed  i s  a f t .  The most 
frequent scenar io  descr ibed  i nvo l ves  hover over  
t a l l  waving grass. Other  m ispercep t ions  have been 
noted, i n c l u d i n g  misjudgments of  a i rspeed and 
d i r e c t i o n  o f  movement. Although uncommon, these  
have been known t o  occur even du r i ng  t h e  en rou te  
phase o f  f l i g h t .  

TERRAINIOBJECT OBSCURATION 

Many ins tances  o f  obscura t ion  i n v o l v e  
s i t u a t i o n s  i n  which t h e r e  are s i g n i f i c a n t  
d i f fe rences  i n  t h e  i l l u m i n a t i o n  o r  r e f l e c t i v i t y  o f  
d i f f e r e n t  p a r t s  o f  t h e  scene. 
w e l l  l it o r  l ess  r e f l e c t i v e  w i l l  be r e l a t i v e l y  

The p o r t i o n s  l e s s  

poo r l y  v i sua l i zed .  
un i fo rm l i g h t i n g ,  sma l le r  ob j ec t s  and any th ing  
which has very low c o n t r a s t  o r  r e f l e c t i v i t y  may 
no t  even be v i s i b l e ,  e s p e c i a l l y  i f  t h e  o v e r a l l  
l e v e l  o f  i l l u m i n a t i o n  i s  no t  good. 

Shadowing, and p a r t i c u l a r l y  foreshadowing, 
i s  a very common and p o t e n t i a l l y  dangerous cause 
of obscurat ion.  Th is  i s  because n i g h t t i m e  shadows 
con ta i n  very l i t t l e  l i g h t  ( i l l u m i n a t i o n  equ iva len t  
t o  mean s t a r l i g h t  o r  l e s s )  i n  comparison t o  
shadows experienced du r i ng  day l i gh t .  Second 
genera t ion  NVGs a re  e s p e c i a l l y  l i m i t e d  i n  t h e i r  
performance i n  shadows. 
occurred ( p r i m a r i l y  w i t h  Gen I1  dev ices)  as a 
consequence o f  f l i g h t  o r  descent i n t o  an area o f  
shadowing w i t h  t h e  subsequent l o s s  o f  v i sua l  
references.  

Foreshadowing, t h e  obscura t ion  o f  near 
t e r r a i n  by a more d i s t a n t  r i d g e  or mountain when 
f l y i n g  toward a low l y i n g  sun, has l o n g  been 
recognized as a s i g n i f i c a n t  hazard d u r i n g  daytime 
( p r i m a r i l y  a t  dawn o r  dusk). Th is  same e f f e c t  i s  
even more l i k e l y ,  and much more t reacherous,  
du r i ng  NVG f l i g h t  toward t h e  moon when it i s  
pos i t i oned  a t  a r e l a t i v e l y  low ang le  above t h e  
hor izon ,  o r  f l i g h t  toward b r i g h t  skyglow du r i ng  
t w i l i g h t  . 

As descr ibed  e a r l i e r  i n  t h i s  paper, poo r l y  
r e f l e c t i v e  t e r r a i n  can be obscured by adjacent  
t e r r a i n  which i s  r e l a t i v e l y  h i g h l y  r e f l e c t i v e  and 
we l l  i l l um ina ted .  Th i s  can occur even when t h e  
d i r e c t i o n  o f  f l i g h t  i s  away f rom t h e  moon. This 
e f f e c t  i s  t h e  product  o f  a reduc t ion  i n  NVG ga in  
i n  response t o  t h e  t o t a l  luminance of t h e  scene, 
i n  combinat ion w i t h  t h e  r e s u l t i n g  l o s s  of 
r e s o l u t i o n  o f  t h e  l ess  r e f l e c t i v e / i l l u m i n a t e d  
po r t i ons .  F l i g h t  toward h i g h l y  populated areas, 
f l a res ,  f i r e s  o r  exp los ions  i s  q u i t e  s i m i l a r  i n  
t h a t  t h e  e f f e c t  on goggle ga in  can r e s u l t  i n  t h e  
p a r t i a l  o r  t o t a l  obscura t ion  o f  u n l i t  ob j ec t s  o r  
t e r r a i n .  

UNDETECTED METEOROLOGICAL CONDITIONS 

Even i n  a s i t u a t i o n  w i t h  

A number of mishaps have 

Since NVGs are p r i m a r i l y  s e n s i t i v e  t o  near 
i n f r a r e d  energy, and t h e  near i n f r a r e d  i s  poo r l y  
r e f l e c t e d  by mo is tu re ,  a p a r t i c u l a r  hazard e x i s t s  
when f l y i n g  i n  weather conducive t o  t h e  fo rmat ion  
o f  t h i n  c louds o r  fog. Dense c louds o r  fog a re  
r e a d i l y  apparent w i t h  a ided v i s i on ,  e s p e c i a l l y  
c louds s i l h o u e t t e d  aga ins t  a c l e a r  sky. However, 
t h i n  c louds o r  f o g  may a c t u a l l y  be i n v i s i b l e  w i t h  
NVGs, because no t  enough energy i s  r e f l e c t e d  from 

t h e i r  sur face  t o  c rea te  an image i n  t h e  goggles. 
Of more s i g n i f i c a n c e  i s  t h e  f a c t  t h a t  i f  t h i n  
c louds are obscur ing  s l i g h t l y  t h i c k e r  clouds, 
which a re  themselves obscur ing  somewhat more dense 
clouds, t h e r e  may no t  be enough c o n t r a s t  between 
t h e  succeeding c louds t o  permi t  v i s u a l i z a t i o n  o f  
any of them. It i s  l i t e r a l l y  p o s s i b l e  t o  en te r  
ins t rument  meteoro log ica l  cond i t i ons  w i t hou t  ever  
d e t e c t i n g  i t s  presence. 
obscured by unseen c louds,  c o l l i s i o n  w i t h  t h e  
ground can and has occurred. 

OCCURRENCE OF ILLUSIONS 

I f  t h e  t e r r a i n  i s  

NVG mispercept ions and i l l u s i o n s  have been 
repo r t ed  i n  a l l  t ypes  o f  m i l i t a r y  a i r c r a f t  i n  a l l  
phases o f  f l i g h t ,  b u t  most o f ten  i n  h e l i c o p t e r s  
d u r i n g  hover ( t h e  preponderance o f  NVG use i s  i n  
r o t a r y  wing a i r c r a f t ) .  
phases o f  f l i g h t  are c r u i s e  and approach o r  
land ing .  S u r p r i s i n g l y ,  comparat ive ly  few 
i n c i d e n t s  occur d u r i n g  fo rmat ion ,  s l i n g l o a d  o r  
nap- of- the- earth f l i g h t .  Mispercept ions and 
i l l u s i o n s  have occurred over  a wide v a r i e t y  of 
t e r r a i n ,  w i t h  t h e  m a j o r i t y  du r i ng  good weather, 
b u t  a t  lower  l e v e l s  of i l l u m i n a t i o n .  The 
inc idence  d u r i n g  good weather i s ,  of course, a 
consequence of t h e  f a c t  t h a t  NVGs are no t  a l l  
weather devices, and goggle f l i g h t  i s  o r d i n a r i l y  
conducted du r i ng  reasonably favorable 
meteoro log ica l  cond i t ions .  The frequency of 
problems a t  lower  l e v e l s  o f  i l l u m i n a t i o n  i s  
c e r t a i n l y  due p r i m a r i l y  t o  t h e  f a c t  t h a t  goggle 
performance i s  s i g n i f i c a n t l y  degraded i n  low l i g h t  
( r e s o l u t i o n  a t  mean s t a r l i g h t  i s  about 50% o f  t h a t  
ob ta ined  a t  q u a r t e r  moon). 

CONTRIBUTING FACTORS 

The o the r  most common 

Fac to rs  most o f ten  associated w i t h  
mispercept ions and i l l u s i o n s  a re  1) inexper ience,  
2 )  l a ck  o f  currency,  3 )  task  l o a d i n g l d i v i s i o n  o f  
a t t e n t i o n ,  4 )  f a t i gue  and c i r c a d i a n  rhythm, 5 )  
miss ion  imposed s t ress ,  6)  l i g h t  e f fec ts  and 7 )  
NVG ma l func t ions .  

As noted by Crowley (1991), " the  most common 
c o n t r i b u t i n g  human f a c t o r  was inexper ience."  
Al though t h e  vast  m a j o r i t y  o f  i n c i d e n t s  (83%) were 
r epo r t ed  by p i l o t s  and i n s t r u c t o r  p i l o t s  as 
compared t o  c o p i l o t s  8 students (9.5% combined), 
many r e l a t e d  t h a t  t h e  episodes had occurred e a r l y  
i n  t h e i r  f l y i n g  careers,  t h e  frequency decreasing 
w i t h  increased experience. 
h i g h l y  experienced a v i a t o r s  r e p o r t  t h a t  they  are 
more suscep t i b l e  t o  mispercept ions if they  do no t  
f l y  f requent ly  enough. 

e f f e c t  on o v e r a l l  performance, and any a c t i v i t y  
r e q u i r i n g  a t t e n t i o n  i n s i d e  t h e  cockp i t  can 
predispose one t o  a mispercept ion.  
coo rd i na t i on  and " cockp i t  resource management" a re  
very impor tan t ,  e s p e c i a l l y  d u r i n g  low l i g h t  
cond i t i ons  and/or d i f f i c u l t  missions. 

extremely de t r imen ta l  because o f  t h e i r  p o t e n t i a l l y  
s i g n i f i c a n t  e f f e c t  on human performance. Although 
t h e  e f f ec t s  o f  f a t i g u e  pe r  se, a r e  u s u a l l y  
apparent t o  an i n d i v i d u a l ,  t h e  more s u b t l e  e f fec ts  
o f  c i r c a d i a n  rhythm a re  o f t e n  no t  f u l l y  
appreciated.  F i r s t  of a l l ,  i t must be r e a l i z e d  
t h a t  human performance a t  n i g h t  i s  never equal t o  
t h a t  achievable d u r i n g  daytime, even i f  t h e  
i n d i v i d u a l  i s  f u l l y  adapted t o  a n i g h t  schedule. 
Performance w i l l  be reduced on t h e  o rder  of about 
lo%, even i n  adequately rested,  w e l l  mot iva ted  and 
p r o f i c i e n t  personnel .  I n  those who are l e s s  w e l l  

However, even some 

High task  l oad ing  gene ra l l y  has a negat ive  

Crew 

Fat igue  and c i r c a d i a n  rhythm e f f e c t s  can be 
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mot ivated and/or l a c k i n g  i n  p r o f i c i e n c y ,  t h e  
reduc t ion  can be cons iderab ly  g rea te r .  
adapted t o  a daytime schedule who a re  f l y i n g  l a t e  
a t  n i g h t ,  o r  those who a re  s ign i f i can t1 .y  fa t igued ,  
a re  l i k e l y  t o  suf fer  a se r ious  impairment o f  
performance and be considerably  more s u s c e p t i b l e  
t o  a mispercept ion o r  i l l u s i o n .  

person's  c i r c a d i a n  rhythm has been d is r l i p ted  
a l t o g e t h e r  ( c i r c a d i a n  desynchronosis). Th is  
occurs w i t h  ex tens ive  t ransmer id ian  t r a v e l  o r  an 
abrupt  change i n  t h e  work/sleep c y c l e  
( p a r t i c u l a r l y  i f  t h e  c y c l e  has been subjected t o  
m u l t i p l e  recent  changes). These i n d i v i d u a l s  a r e  
almost always s leep depr ived because c i i -cadian 
desynchronosis a l s o  tends t o  i m p a i r  Slei?p. The 
combined e f f e c t s  of c i r c a d i a n  desynchronosis and 
f a t i g u e  on performance can be q u i t e  profound. 
Even worse, t h e  e x t e n t  o f  impairment may no t  be 
apparent t o  t h e  af fected person. 

Another p o t e n t i a l  f a c t o r  i s  t h e  adverse 
e f f e c t  o f  m iss ion  imposed s t r e s s  on c i r c a d i a n  
performance rhythms. B a s i c a l l y ,  s t r e s s  has t h e  
a b i l i t y  t o  f u r t h e r  exaggerate nega t i ve  C i rcad ian  
ef fects  on human performance. 

LIGHTING EFFECTS 

A v i a t o r s  

Perhaps .the worst  scenar io i s  one i n  which a 

L i g h t  sources can produce mispercept ions o r  
i l l u s i o n s ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  I n  
a d d i t i o n  'to t h e  d is tance  and c l o s u r e  i l l u s i o n s  
descr ibed e a r l i e r ,  a common problem encauntered 
w i t h  c u l t u r a l  l i g h t s  i s  t h e  obscura t ion  o f  
a i r c r a f t  e x t e r i o r  l i g h t s  (and thus t h e  a i r c r a f t )  
which occurs when t h e  a i r c r a f t ' s  p o s i t i o n  i s  such 
t h a t  i t s  l i g h t s  a re  superimposed over  t h e  l i g h t s  
of a populated area behind it. This b lend ing  o f  
a i r c r a f t  and ground l i g h t s  i n  combinat ion w i t h  a 
reduc t ion  i n  NVG ga in  (produced by t h e  c u l t u r a l  
l i g h t i n  ) can e f f e c t i v e l y  make an a i r c r a f t  
i n v i s i b y e .  A number of m i d a i r  c o l l i s i o n s  and near 
c o l l i s i o n s  have occurred i n  p r e c i s e l y  t h i s  manner. 

Not on ly  d is tance  e s t i m a t i o n  e r r o r s ,  b u t  
m i s i d e n t i f i c a t i o n  o f  l i g h t  sources such as 
veh ic les ,  boats and l i g h t e d  towers can r e a d i l y  
occur. As descr ibed e a r l i e r ,  t h i s  i s  a r e s u l t  o f  
t h e  s e n s i t i v i t y  of NVGs t o  most l i g h t  sources and 
t h e  e f f e c t s  o f  i n t e n s i f i e d  imagery. P i l o t s  have 
f requent l y  mistaken towers, veh ic les ,  ships, and 
e s p e c i a l l y  s ta rs ,  f o r  o ther  a i r c r a f t .  

Incompat ib le c o c k p i t  l i g h t i n g  can liave a 
p a r t i c u l a r l y  se r ious  e f f e c t  on NVG performance. 
The pr imary problem i s  an adverse e f f e c t  on goggle 
ga in  produced by l i g h t  f rom c o c k p i t  disp' lays, 
which may be q u i t e  severe, b u t  i m p e r c e p t i b l e  t o  
t h e  p i l o t .  

A decrease i n  NVG ga in  i s  essent ia . l ly  a 
reduc t ion  i n  goggle (and v i s u a l )  performance. The 
r e s u l t  i s  a degraded a b i l i t y  t o  see outs'ide t h e  
cockp i t ,  which makes t h e  p i l o t  more s u s c e p t i b l e  t o  
v i r t u a l l y  a l l  of t h e  mispercept ions and - : l l us ions  
c h a r a c t e r i s t i c  of NVG operat ions.  
hazardous aspect o f  t h i s  s i t u a t i o n  i s  t h e  
l i k e l i h o o d  t h a t  it w i l l  go unnoticed. Th is  i s  a 
conseauence o f  t h e  f a c t  t h a t  it i s  n o t  

The most 

extreme i t  may be apparent, bu t  i n  t h e  vas t  
m a j o r i t y  o f  cases i t  i s  never recognized, even by 
h i g h l y  experienced a v i a t o r s .  I n  p a r t ,  t h i s  i s  
because v i s i o n  a t  n i g h t  w i t h  NVGs i s  so niuch 
b e t t e r  than unaided n i g h t  v i s i o n  t h a t  a v i a t o r s  

c o n s i s t e n t l y  t e n d  t o  overest imate t h e i r  a c u i t y  
when us ing  goggles. 
incompat ib le  l i g h t i n g  and human 
psychophysio logical  1 i m i t a t i o n s  o f ten  combine t o  
produce a phenomenon ' that  can have a s e r i o u s  
impact on f l i g h t  s a f e t y  and opera t iona l  
c a p a b i l i t y .  

I n  a d d i t i o n  t o  'the d i r e c t  e f f e c t  on goggle 
gain,  incompat ib le  1 i !ghti ng produces r e f 1  e c t i  ons 
( o f  incompat ib le  l i g h t )  on c o c k p i t  canopies and 
windows. These r e f l e c t i o n s  no t  o n l y  a f f e c t  goggle 
performance, t h e y  can a l s o  obscure t h e  p o r t i o n s  o f  
t h e  scene over  which they  a re  superimposed. 
O v e r a l l ,  i ncompat ib le  cockpit l i g h t i n g  i s  
p o t e n t i a l l y  t h e  s i n g l e  most se r ious  f a c t o r  i n  NVG 
opera t iona l  c a p a b i l i t y  and f l i g h t  safety !  

Thus, t h e  e f fec ts  of 

WINDSCREEN TRANSMISSIVITY 

The t ransmiss ion  o f  i n f r a r e d  energy by 
windscreens and c o c k p i t  windows can a l s o  be a 
s i g n i f i c a n t  problem. 
l i g h t ,  many c o c k p i t  t ransparenc ies  do n o t  perform 
as w e l l  i n  t h e  near  i r i f r a r e d  spectrum, and t h e  
t r a n s m i s s i v i t y  o f  some i s  very poor  (+ 20%). 
Since NVGS ( p a r t i c u l a r l y  t h i r d  genera t ion  devices)  
a re  p r i m a r i l y  s e n s i t i v e  t o  t h e  near i n f r a r e d ,  t h i s  
can r e s u l t  i n  a s e r i o u s  r e d u c t i o n  i n  goggle 
performance. L i k e  t h e  decreased v i s u a l  
performance r e s u l t i n g  from incompat ib le  c o c k p i t  
l i g h t i n g ,  t h e  e f f e c t  o f  decreased windscreen 
t r a n s m i s s i v i t y  may no t  be apparent t o  a p i l o t .  

MOUNTING AND ADJUSTMENT ERRORS 

Designed t o  t r a n s m i t  v i s i b l e  

I n  a d d i t i o n  t o  t h e  many o t h e r  e x t r i n s i c  
f a c t o r s  which i n f l u e n c e  NVG Derformance. mounting 
and adjustment e r r o r s  a re  both common a i d  capabl; 
o f  producing s i g n i f i c a n t  losses i n  v i s u a l  
performance. Optimal v i s i o n  w i t h  NVGs cannot be 
obta ined unless t h e  o t i c a l  axes o f  t h e  tubes a re  
p r e c i s e l y  a l igned  w i t 1  t h e  o p t i c a l  axes o f  t h e  
eyes. Un fo r tuna te ly ,  i t  i s  common t o  f i n d  
s i t u a t i o n s  i n  which t h e  helmet mount and/or t h e  
a v i a t o r ' s  adjustment  procedures have r e s u l t e d  i n  
an i n c o r r e c t  p o s i t i o n i n g  o f  t h e  goggles w i th  a 
s i g n i f i c a n t  l o s s  i n  v i s u a l  a c u i t y  and depth 
percep t ion .  

Misadjustment o f  e i t h e r  t h e  o b j e c t i v e  focus 
o r  d i o p t e r  adjustment  can a l s o  produce s e r i o u s l y  
d e f i c i e n t  v i s i o n .  I t  i s  i m p e r a t i v e  t h a t  p roper  
mounting and adjustment procedures b e  f o l l o w e d  i n  
o rder  t o  prevent  a p o t , ? n t i a l l y  se r ious  degrada t ion  

,of v i s u a l  Performance! 

GOGGLE DEFICIENCIES AND MALFUNCTIONS 

I n t r i n s i c  f a c t o r s  a f f e c t i n g  NVG performance 
which must be considered a re  1) o p t i c a l  d i s t o r t i o n  
and 2)  b i n o c u l a r  d i s p a r i t i e s  i n  image b r igh tness ,  
r e s o l u t i o n  o r  tube  al ignment. O p t i c a l  d i s t o r t i o n  
has r e s u l t e d  i n  a number o f  i l l u s i o n s  which a r e  
dependent upon t h e  t y p e  and s e v e r i t y  o f  t h e  
d i s t o r t e d  image. Examples i n c l u d e  bending of 
s t r a i g h t  l i n e s ,  f a u l t y  h e i g h t  o r  c learance 
judgement, d i s t o r t i o n  o f  ground s lope  and 
i l l u s i o n s  of l a n d i n g  i n  a h o l e  o r  depression. 

Any d e f e c t  i n  goggle f u n c t i o n  which produces 
a s i g n i f i c a n t  d iscrepancy between t h e  two images 
may cause b i n o c u l a r  r i v a l r y  and prevent  t h e  v i s u a l  
system from ach iev ing  image fus ion .  D i f f e r e n c e s  
i n  image b r igh tness ,  r e s o l u t i o n  o r  b i n o c u l a r  
a l ignment ,  and s i g n i f i c a n t  u n i l a t e r a l  d i s t o r t i o n  
a re  t h e  most common causes of t h i s  e f f e c t .  The 
end r e s u l t  i s  a l o s s  of  v i s u a l  a c u i t y  and/or depth 
percept ion.  
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The concept i s  t o  p e r i o d i c a l l y  change t h e  
o r i e n t a t i o n  of t h e  cha r t ,  and thus  t h e  p o s i t i o n  
and o r i e n t a t i o n  o f  t h e  i n d i v i d u a l  g r i ds ,  so t h e  
a v i a t o r s  do no t  become accustomed t o  a p a r t i c u l a r  
pa t t e rn .  Th is  i s  impor tan t  because t h e r e  i s  some 
r i s k  t h a t  an i n d i v i d u a l  who i s  very f a m i l i a r  w i t h  
t h e  c h a r t  m igh t  be subconsciously m i s l ed  t o  
overes t imate  h i s  v i s u a l  acu i t y .  Acu i t y  i s  
determined by coun t i ng  t h e  number o f  g r i d s  t h a t  
can be seen w e l l  enough t o  determine t h e  
o r i e n t a t i o n  of t h e  l i n e s .  For  example, seeing 
e i g h t  o f  t h e  n ine  g r i d s  i s  i n d i c a t i v e  of Sne l len  
a c u i t y  o f  20140, seven g r i d s  i s  equ i va l en t  t o  
20145 v i s i on ,  etc.  

For  NVG adjustment t h e  c h a r t  can be 
i l l u m i n a t e d  w i t h  a v a r i e t y  o f  l i g h t  sources a t  any 
i l l u m i n a t i o n  l e v e l  between q u a r t e r  moon and f u l l  
moon equ iva len t .  
somewhat eas i e r  a t  h i ghe r  l i g h t  l e ve l s ,  t h e  
a b i l i t y  t o  vary t h e  i l l u m i n a t i o n  t o  q u a r t e r  moon 
o r  mean s t a r l i g h t  i s  d e s i r a b l e  because i t  a l lows 
assessment of NVG performance a t  lower l i g h t  
l e v e l s .  
c r i t i c a l  f o r  f l i g h t  i n  those cond i t i ons ,  i t  i s  
o f t en  t h e  f i r s t  i n d i c a t i o n  o f  a f a i l i n g  tube.  It 
i s  impor tan t  t o  remember t h a t  p r e f l i g h t  adjustment 
and assessment o f  NVGs be fo re  each f l i g h t  i s  
essen t i a l  ! 

Although goggle adjustment i s  

Performance a t  low l i g h t  i s  no t  on l y  

A t e r r a i n  board i s  used t o  demonstrate t h e  
e f f ec t  of d i f fe rences  i n  moon phase, e l e v a t i o n  and 
azimuth; var ious  l i g h t i n g  e f f ec t s ;  and t o  
i l l u s t r a t e  t h e  d i f f e r e n c e s  between normal and low 
con t ras t  t e r r a i n  and water .  The t e r r a i n  board has 
proven p a r t i c u l a r l y  e f f e c t i v e ,  because many 
e f fec ts  can be demonstrated very d rama t i ca l l y  by 
s imp ly  changing t h e  p o s i t i o n  o r  i n t e n s i t y  o f  
i l l u m i n a t i o n  w h i l e  t h e  student  watches w i t h  NVGs. 
Exper ience has shown t h a t  t h i s  moda l i t y  i s  even 
more conv inc ing  than  a s i m i l a r  p resen ta t i on  
u t i l i z i n g  ac tua l  i n t e n s i f i e d  imagery on video. 

However, v ideo  tapes are s t i l l  q u i t e  use fu l ,  
s i nce  t h e r e  a re  no o the r  comparable methods f o r  
cap tu r i ng  and i l l u s t r a t i n g  many o f  t h e  e f f e c t s  and 
i l l u s i o n s  of i n t e n s i f i e d  imagery. 
v ideod isc  i s  c u r r e n t l y  under development. The 
p r i n c i p a l  advantages of t h e  d i s c  w i l l  be 1) 
storage capac i ty  capable of accommodating a l l  of 
t h e  necessary v ideo  m a t e r i a l  on one d i s c  and 2 )  
t h e  c a p a b i l i t y  o f  accessing a se lec ted  segment of 
v ideo  much more r a p i d l y  than  i s  poss i b l e  w i t h  a 
l i n e a r  tape. 

S t a t i c  cockp i ts ,  cockp i t  procedures t r a i n e r s  
and/or s imu la to r s  are employed f o r  c o c k p i t - r e l a t e d  
t r a i n i n g .  
t r a i n i n g  i s  s i m i l a r  t o  t h a t  f o r  o t he r  f l i g h t  
t r a i n i n g ,  except f o r  f a m i l i a r i z a t i o n  w i t h  
compat ib le l i g h t i n g  and s p e c i f i c  l i g h t i n g  
mod i f i ca t i ons .  NVG compat ib le s imu la to r s  are 
ex tens i ve l y  used i n  some t r a i n i n g  programs, b u t  
see l i t t l e  o r  no use i n  others.  
programs i n c o r p o r a t i n g  h i ghe r  q u a l i t y  s imu la to rs ,  
ac tua l  f l i g h t  t ime  has been reduced by as much as 
two t h i r d s .  

An i n t e r a c t i v e  

The use of these devices f o r  NVG 

I n  t r a i n i n g  

I n  general ,  cu r ren t  s imu la to rs  are l a c k i n g  
i n  t h e i r  a b i l i t y  t o  adequately demonstrate NVG 
l i m i t a t i o n s  i n  depth and d is tance  percep t ion  o r  t o  
teach techniques t o  o f f s e t  these r e s t r i c t i o n s .  
They t end  t o  be d e f i c i e n t  i n  t h e i r  r ep resen ta t i on  
of moon phase, e l e v a t i o n  and azimuth; shadows, 
weather, vege ta t i on  and surface cond i t i ons  of 
water ;  c u l t u r a l  l i g h t i n g  e f fec ts  and o t h e r  
c u l t u r a l  features such as d i f f e r e n t  t ypes  o f  road 
sur faces.  They a l s o  do no t  p rov ide  a d i s p l a y  
beyond t h e  goggle FOV t h a t  af fords e f f e c t i v e  

TRAINING METHODS 

US A i r  Force NVG t r a i n i n g  c u r r e n t l y  cons i s t s  
o f  1) d i d a c t i c  p resenta t ions ,  2 )  hands-on goggle 
f a m i l i a r i z a t i o n ,  3)  t e r r a i n  board demonstrat ions 
of e f fec ts  and i l l u s i o n s ,  4 )  video tapes of ac tua l  
i n t e n s i f i e d  imagery, 5) NVG compat ib le f l i g h t  
s imu la to r s  employing computer generated imagery 
and 6)  ac tua l  NVG f l i g h t s .  Computer based 
t r a i n i n g  and an i n t e r a c t i v e  v ideod isc  a re  
c u r r e n t l y  under development. 

The d i d a c t i c  lesson p l an  inc ludes  
p resenta t ions  o f  1) v i sua l  phys io logy ,  2 )  f a t i g u e  
and c i r c a d i a n  rhythm, 3) human f a c t o r s  mishap 
causes, 4)  t h e  n i g h t  environment and image 
i n t e n s i f i c a t i o n ,  5 )  NVG opera t ion ,  adjustment and 
p r e f l i g h t  assessment, 6) cockp i t  procedures and 
l i g h t i n g ,  7 )  s p e c i f i c  f l i g h t  techniques and 
lessons learned.  8 )  i n t e l l i a e n c e  and r u l e s  of 
engagement and 9)  hazards aGd emergency 
procedures. 

The hands-on i n s t r u c t i o n  focuses on 1) NVG 
f i t t i n g  and l i f e  support  t r a i n i n g ,  2 )  NVG 
opera t ion ,  adjustment and assessment, 3) cockp i t  
and NVG l i g h t i n g  f a m i l i a r i z a t i o n ,  4 )  normal 
cockp i t  procedures and 5 )  emergency procedures. 

i s  t h e  NVG f i t t i n a .  adiustment and D r e f l i Q h t  
The most impor tan t  s i n g l e  phase o f  t r a i n i n g  

" I  - 
assessment. The importance o f  p r e c i i e  and- cor rec t  
p o s i t i o n i n g  and focusing o f  NVGs, and t h e  
phys i o l og i ca l  i n a b i l i t y  of t h e  v i s u a l  system t o  
q u a n t i t a t e  a c u i t y  w i t hou t  an app rop r i a t e  
r e s o l u t i o n  t a r g e t  has a l ready  been emphasized. 
Data c o l l e c t e d  by t h e  Armstrong Labora to ry 's  
A i r c rew  T r a i n i n g  Research D i v i s i o n  c o n s i s t e n t l y  
demonstrate t h a t  on l y  about 30% of experienced 
a v i a t o r s  w i l l  ad j us t  t h e i r  NVGs w e l l  enough t o  
achieve nominal a c u i t y  (20140) w i t hou t  us ing  an 
e f f ec t i ve  r e s o l u t i o n  c h a r t  i n  a c o n t r o l l e d  
environment. I n  fact ,  v i s i o n  o f  20160, 20180 o r  
worse i s  common. 

The r e s o l u t i o n  cha r t ,  developed by t h e  
Armstrong Labo ra to r y ' s  Human Eng ineer ing  D i v i s i o n ,  
i s  composed o f  n i ne  square wave g ra t i ngs  which are 
equ i va l en t  t o  Sne l len  a c u i t y  rang ing  from 20/35 t o  
2 O / l O O  ( f i g u r e  1). The g ra t i ngs  are randomly 
arranged i n  e i t h e r  a v e r t i c a l  o r  h o r i z o n t a l  
o r i e n t a t i o n ,  and t h e  c h a r t  i t s e l f  can be r o t a t e d  
t o  any o f  f o u r  pos i t i ons .  

1 

E 
F igu re  1. Reso lu t i on  Chart  



unaided p e r i p h e r a l  v i s u a l  cuing. 

a r e  underwav t o  exDand our NVG s i m u l a t i o n  
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Gi l l ingham, Kent K., and James W. Wolfe: 

E a p a b i l i t i b s .  One' concept t h a t  appear:; t o  be 
e s p e c i a l l y  promis ing i s  a head- tracked helmet 
mounted cathode ray tube (CRT) d i s p l a y  o f  
s imulated NVG imagery. Having a helmet mounted 
v i s u a l  d i s p l a y  obviates t h e  requirement f o r  a 
convent ional  dome w i t h  i t s  complex and expensive 
p r o j e c t i o n  system. 
much sma l le r  image generators, t h e  CRTINVG helmet 
mounted d i s p l a y  of fers t h e  p o t e n t i a l  f o r  a f u l l y  
capable, low cost, deployable f l i g h t  s imulator .  

I n  combination w i t h  newer, 

CONCLUSIONS 

It should be r e a d i l y  apparent f rom t h e  
ppeceding d iscuss ion  t h a t  t h e r e  i s  a tremendous 
v a r i e t  o f  NVG mispercept ions and i l l u r , i o n s .  I n  
generay, any e f f e c t  experienced d u r i n g  d a y l i g h t  
can a lso  occur d u r i n g  NVG use. However, wi th 
goggles t h e  image i n t e n s i f i c a t i o n  process tends t o  
i n t e n s i f y  t h e  i l l u s i o n s  as w e l l  as t h e  ambient 
l i g h t .  
phenomena are t h e  NVG s p e c i f i c  e f fec ts  r e l a t e d  t o  
t h e  p r o p e r t i e s  o f  near i n f r a r e d  energy and t h e  
l i m i t e d  r e s o l u t i o n ,  f i e l d  of view and automat ic  
gain c o n t r o l  o f  goggles. Of these fac to rs ,  
r e s o l u t i o n  and t h e  e f f e c t s  o f  automatic gain 
c o n t r o l  a re  t h e  most i n f l u e n t i a l .  

I n  a d d i t i o n  t o  t h e  more f a m i l i n r  daytime 

Among t h e  environmental fac to rs ,  low ambient 
i l l u m i n a t i o n ,  poor t e r r a i n  c o n t r a s t  and l i g h t  
source eFfects a re  e a s i l y  t h e  most important .  Any 
d e f i c i e n c y  i n  goggle performance which a f f e c t s  
v i s i o n  w i l l ,  o f  course, have a concomitant e f f e c t  
on s u s c e p t i b i l i t y  t o  mispercept ions and i l l u s i o n s .  

Incompat ib le  c o c k p i t  ! i g h t i n g  , helmet 
mounting problems and misadJustment o f  goggles a r e  
t h e  most pervas ive  and ser ious  f a c t o r s  o f  a l l !  
These t h r e e  t h i n g s  a re  e s p e c i a l l y  dangerous 
because t h e i r  e f f e c t  on v i s u a l  performance i s  
of ten not recognized by t h e  a v i a t o r ,  and because 
t h e  r e s u l t i n g  degradat ion of v i s i o n  has t h e  
p o t e n t i a l  of enhancing v i r t u a l l y  a l l  o f  t h e  o ther  
i l l u s i o n s  and mispercept ions ! 

I n  a d d i t i o n  t o  t h e  v i s u a l  causes, h i g h  t a s k  
l o a d i n g l d i v i s i o n  o f  a t t e n t i o n ,  f a t i g u e ,  c i r c a d i a n  
rhythm, task  imposed s t r e s s  and p r o f i c i e n c y  a re  
a l l  important  i n  t h e  e t i o l o g y  of n i g h t t i m e  
inc iden ts ,  f o r  bo th  NVG and unaided operat ions.  

P r o f i c i e n c y  ( i n c l u d i n g  currency)  i s  a key 
f a c t o r  i n  t h e  conduct of a l l  n i g h t t i m e  operations, 
because 1) it i s  a v a r i a b l e  over which 'we have 
some c o n t r o l  and 2 )  it o f f e r s  t h e  most e f f e c t i v e  
p r o t e c t i o n  aga ins t  t h e  e f f e c t s  of darkness, 
fa t igue,  c i r c a d i a n  rhythm, h i g h  t a s k  l m d i n g  and 
s t r e s s .  The c o r o l l a r y  i s  t h a t  e f f e c t i v e  t r a i n i n g  
i s  t h e  r e a l  foundat ion  f o r  b o t h  n i g h t t i m e  
opera t iona l  c a p a b i l i t y  and safety !  
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Nicholson, A.N., and B. M. Stone, Sleep and 
Wakefulness Handbook f o r  F l i g h t  Medical 
Of f i ce rs ,  AGARDograph No. 270E, Harford 
House, London, March 1982. 
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