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SUMMARY 

As pa r t  of a program to  establish  cockpit visibility 
requirements for Army hellcopters, a method of instrumentation was 
established  to  record  photographically  pilots' eye movements In  var- 

usage. Two methods of recordhg  pilots '  eye mvemznts were considered, 
Ious helicopters d u n g  flight in order t o  determine visual  windshield 

nemely, (1) the use of a camera located behind the  pilot  which  viewed 
his  eyes  through  a mrror  located ahead of him on the  mstrument  panel, 
and (2)  the  use of a camera located I n  front of the  pi lot .  The second 
method  was selected. 

obtained from the  instrumentation was established through the conduct 
of t e s t s  performed i n  the H-13 and B-21 helicopters, which  were selected 

t e s t s  revealed that it was possible t o  determine the  actual  locatlon of 
as being representative of vaxious types of Army helicopters. These 

the  area of the windscreen  through which the  pilot  was looking,  within 
10' verclcally and horizoqtally during a t   l e a s t  72 per  cent of the time 
for  the H-13 helicopter, and 60 per  cent of the time for  the H-21 
hellcopter. 

Accuracy of reading or mterpreting  the photographic data 

TJTRODUCTION 

been receiving  an  increaamg amount of attention m both militmy and 
ciVJ1 aviation, and minimum requrements  for  transport-type,  fixed- 
wing aircraf t  have been estab1ished.l  Considerable work also has 
been accomplished t o  dete-e v i s ib i l i t y  requirements  for small 
fixed-wing alrcraft,2 and some preliminary work has  been carried on 
for  helicopters. 3 

The need for unproved cockplt v i s ib i l i t y  i n  aircraft has 

lThomas M. Edwards and Wayne D. Howell, "Recomendations on 
CocQit-Visibility  Standards  for Transpol-t-'Pgpe Aircraft," CAA T e c h c a l  
bvblopment Report No. 275, February 1956. 

2Eugene E. Pazera, "CocQlt  Visibility Requirements for 
A r q  Fixed-Wing Llaison-Reconnaissance-Tgrpe hrplanes,  Part I - Pi lo t  
Opinion and Tolerance Study," CAA Technical Development Report 
No. 369 , September 1958. 

Vislbil l ty Requlhemente for Army Helicopters,'' CAA Technical 
Development Report No. 350, June 1958, 

k o l l i n  E. Farrand, "A P i lo t   Ques t lomire  Study of Cockpit 
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Although  the  smaller  hellcopters  provlde  nearly  henuspherical 
vlslbillty  in  the  forward  area9  the  areas of the  windshlelds in larger 
helicopters  have  been  reduced,  such  that  baslc work 1s urgently  required 
to  establlsh  rmnimum  vlsiblllty requirements for  such  aircraft. I n  fact, 
prelimanaxy  work  in  thls  conneetlon3  has mdlcated that  several  of  the 
larger  type  helicopters  now  in  operation  do  not  meet minirmun requre- 
menta.  This  work  included a pilot  questionnaire  study and an analysls 
of  flight  paths and  plilght  attxtudes of helicopters  during  various 
critical  maneuvers. 

required for the  measurement  of plot-look directions  during  flight. 
The  results of the  pilot  eye-movement study will  be publmhed 111 a later 
report. 

This report  descrfbes  the  development  of  instrumentation 

DEV5OPMEZW OF I N S T R ~ A T I O N  

Twn methods of recording  pilot  eye  movements  were  considered, 
namely, (1) with a mone camera  located  behind  the  pilot's  seat,  photo- 
graphmg the  reflected  image  of  the  pllots'  eyes from a mirror located 
m front of the  pllot  on  the  lnstpurment  panel, and (2) *nth a movie 

cbrectly. 
camera  located in front  of  the  pllot,  photographing  the  pilots'  eyes 

The  first  method  presents  less  obstruction  to  the  pllot's 
vision  than  the  second  method  and 1s more  useful in the  limited  confines 
of a small cockpit  where  there  1s  not  sufflclent l o o m  between  the  pilot 

However, it requires  additional  space  behlsd  the  pllot  for  camera and 
and available  camera  locatlon  to  develop  the necessaq field  of  view. 

photographer. 

The  size  of  the nurror used in the  first  methcd  is  governed  by 
the  amount  of  the  pilots'  head and M y  movements,  that  is,  the  greater 
the  movement,  the  larger  the mzrror necessary  to  encompass  the  field. 
A small mirror can  be  located  at  the normal eye-level  directly  in 
front ofthe pilot,  providing a desirable frontal  view of the  pilot. A 
large mtrror would  have  to  be muted in a less  desirable  oblique 
location  because  It  would  constitute a visual  obstruction. 

photographic  recording  of  the  pilotss  eyes, was selected  for  this study 
because of the  llmited  space  behlnd  the  pilot  in  the H-13 and  H-21  hell- 

pilots,  which  could  not  be contamed within  the  limited  field of view 
copters and because  of  the  +tude  of  head  and  bod$  movements  by  the 

of a mirror of reasonable  size. 

After  due  consideratlon,  the  second  method,  the  direct 

the  pilot  eye-movement  study  as  belng  representatlve  of  the  various 
Initially,  three  helicopters  were  chosen  for  the  conduct  of 

?Rollin E. Farrand,  op.  cit. 
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classes and types of hellcopters  belng used by the m. The H-13 was 

and H-34 were selected as typ1ca.l l igh t ,  ca.rgo-type helicopters due t o  
selected as t h e  l lgh t ,  reconnaissance-type helicopter. Both the H-21 

differences m t h e u  1"light characterlstlcs. 

hellcopter and fl lght  tested.  No vibrational problems  were encountered 
Camera mmts were deslgned and fabrlcated  for each 

during the   t es t s  and the  quality of fllm  data proved sa t i s fac toq .  "wb 
cameras  were used In  the H-13 due t o  extreme head and boay movements 
encountered dwmg lnatlal f l igh t   t es t s .  The f i a  camera arrange- 
ments for each type of hellcopter and sample film frames are shown L11 
Flgs. 1, 2, and 3. In   t he  H-13, shown IXI Fig. 1, one  camera Vas 
mounted a t  a polnt 5" right and 20°  down from the  zero reference  point, 
whch 1s stralght ahead of the   p l lo t ' s  eyes. me  other camera was 

H-21, shown m Fig, 2 ,  the camera was located 42" t o  the left  of zero 
located at  a pomt 30" rlght and 15" down from zero  reference. In the 

located 35" l e f t  of zero reference and 53" down. Since  the camera 
reference end 38" d m .  I n  the H-34, shown m Fig. 3, the camera was 

tests-were conductec: only for  the H-33 and H-21 hellcopters. 
locations fox the H-21 and, H-34 are slrmlar, fllm-analysls  accuracy 

Test Procedure. 

p l lo t  windshield  use from these fllms, three  steps were taken. 
To establlsk linuts of  accuracy i n  "readm@l," or analyzing 

1. SubJeCt p i lo t s  were photographed while loohng at Individual, 
well-defmed pomts  located on the windscreen. 

2 -  Each point was located  accurately,and  angularly m t h  respect 
t o  a normal pllot-eye  position. 

the angular rearhngs wexe compared with the  actual  locatlons of the 
pomts determined m step 2. 

3. The t e s t  films from step 1 were analyzed by film readers and 

tnndscreen  of the  hellcopter IU whlch the tests were conducted. The 
pornts were located In easxly  ldentlfled rows  and  numbered consecu- 
t ive ly   in  each row. The  number  of rows varled, depen-  on the hell- 
copter  belng considered. For the H-13, shown m fig. 4, nine rows 
were used. 

Approxlmately 500 "fixation" points were located on the 

flxate, a bmocular n s l o n  eockplt v i s lb l l i t y  camera4 was used t o  
To establlsh,  angularly,  the  points on whxh  the  pilots 

Measuring Aircraft Cockpit Vlsibll l ty Limts," CAB Technical 
Development Report Roo 153, January 1952. 

h o m a s  M. Edwards,  "Development  of an Instrument for 
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photograph flxatlon p a n t s ,  she-m m Fig. 4, as they appeared on the 
hellcopter  mndscreen. The photograph in fige 5 was taken  with t h l s  
camera. Grlds superunposed on the photographs by the camera p e m t  

nine rows of fixation  points m Fxg. 5 have been accentuated t o  
accurate  angular measurements of any pomnt  shown in the  picture. The 

l l l u s t r a t e  t h e i r  location. 

helicopter was in  actual fl.i.lght, slnce the manner in which the pmlot 
All eye-fixation photographs were recorded while the 

will look a t  a  partlcular  poim depends upon pressures unposed upon him 
while manipulating the fli&t controls and observing certain  important 
lnstnunents s 

To ellrmnate  the  poss1bihty of the readers becomjng 
preinfomed as t o  what fixatlon photograph was be- anslyzed, a  sys- 
tem of control numbers was used which perrmtted  the  fixation  photo- 

than the actual pofnt number, to   maleate  whrich series of points were 
graphs t o  be recorded a t  random, A control number was used, rather 

being  filmed. An approprlately numbered sapd (control number) was 
recorded on the fllm prior to photographug the pi lo t  looking a t  a 
partlcular  series of polnts. A series of points included all the  points 

have nine  polnts i n  a  series  since  there  are  nine rows. Fixation photo- 
assigued the s m e  number u1 each -rowa Therefore, It m s  possible  to 

graphs within  a  serles were separated by flashing  a  plain  white  card  in 
front of the camera. 

A6 the   p i lo t  a c h e w l d g e d  that a  point in a  partlcular row 
could be  seen by  him, the cameraman placed a C-mark in the  approprlate 

that p o u t .  If the p a n t  was not vlsable  to  the  pilot ,   the cameraman 
column on a  control  sheet and then photographed the  pi lot  looking a t  

s u n p l y  placed an X-- in that   solum and proceeded t o   t h e  next pomt. 

The following is  a -le of the  control  sheet used. 

Partre~C~az Rows of numbers on Cockpit Bubble 

controll Front Slde Hcrlz. Front Side Eoriz. Front Side Horlz. \ 
Number Point2 Center Center Center Left Front Bottom R l g h t  Back Top 

44 27 C C 6 c C C C C C 

45 56 C 6 G X X X X X C 

46 52 c 6 C C C X C X G 

1 Identifies  the  series. 
2 The point number  on the  cockpit bubble. 
X - Indicates  the  ptlotjs  inability t o  see  a  fixation  point. 
C - Indicates  the  prlotss  abil i ty to see  a  fixation  pout. 
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TQe f ina l  step, m a l y z f q  %he fllms, was accomplished by 
emp10yir.g t h e e  arzalysts + 7 read the rllms. Each analyst was furrushed 

loolung at Golnts ~LOSLLL fr-x those on the  cockpit  bubble.  Control 
a contrci chart shcw~ng 25: frd,cvldud  fzxation photographs of p i lo t s  

charts a r e  eomposed of fL;.atioo. photographs placed on an angular grzd 

through  use of the  b lnocdar  v m i m  cockpit v i s lb i l i t y  camera. 
(Mercator projection] at, %%em proper angalas locatlon as determined 

Figure 6 1s a typical ean%rol chart. The fixation photographs are 

It was the  analysts'  obJectrve t o  compare each frame of the 16-mra film 
selected  to  provide uniform coverage of the  mea of available  visibilityy, 

data with the photographs on the  control  chart and thereby  determine 
the p1lotfs direction of sight. 

The fllm aaalysts were sitaated in a room m the manner 

the  film  to be studlea, one  frame a t  a  time. For t h e   f i r s t  six flxation 
s h m  i n  Fig. 7. A tune- and mozion-study pmjector was used t o  permit 

points on each helleoppter, the  readers were told  the  actual  reading 
and were permitted t o  discanas %he locatlon  freely  to develop the i r  

until ea& reader had recofiecl the  loeatlon he  believed  correct. The 
estimating abalxtyo No diseuseion of the remerning pomts w&s permitted 

read- error was d e t e w e d  by c o ~ a r ~ n g  the  actual angular locatlon 
of the  point with the meau value of the estimated angulm location 
deternuned by the  reading team of three  persons. 

Results of Reding Acewaey - B-13 Helicopter. 

subdivlde  the  average readEng error fnto a e a s  represent-  equal 
nmkriqaL errors. Tbts proved Impractical due to   the random location 
of polnts of equal  vahe.  Omgmally, It was thought that  the  reading 
error would incnase  in some dxreet  relatlonahlp  with  the  distance from 
the zero  reference p o u t .  This was expected  because the  pl lot  made 
such extreme movements of hts Read, k d y ,  and eyes when looking a t  
polnts which  were f a r  bstant from the zero reference  point. In some 
movements, the   p l lo t l s  eyes were to ta l ly  obscured f r o m  the camera, 
making analysis vIpkuaLiy mosszble .  These movements axe more d i f f i -  
cu l t   t o  analyze  than  those u & d  when the  pilot  was looking  nearly 
straight ahead. While there 1 s  some evldence of lncreased  errors a t  
the  extremities,  there 1s no d&rect l i n e a r  relationship between re- 
error and distance from the  zero  reference  pout. 

Attempts were made, th vlsually end graphically, t o  

Charts were prepared shomng the numerical value of the 

reference. See Fig. 8, me  arithmetical mean of m e  reading error in 
average  reading  error for mar sectors 45' on each side of the  zero 

degrees is shown for each sector. Table I is a summary of the  resul ts  
of the H-13 readlng  accuracy. 

Results of Reading Accuracy - H-21 Helicopter. 

H-21 helicopter. These show the  horizontal and vertical  read.- errors 
Chapts, sir~Llap to those u1 Fxg. 8, were prepared for the 

for raindscreen sectors m mcsemenzs of 45". See Fig. 9 .  Figure 9 
indicates  that the reads%  accmacy fa= fllm data showing t h e  pi lo t  
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the accuracy  achieved l n  the H-13 helicopter. It is only in the  area 
loohug ahead or t o  the  left m the H-21  helicopter i s  comparable t o  

beyond 112.5" to  the  r ight that the accuracy  decreases.  In  order  to 

hls  head ~n such a manner that  his eyes were hidden f r a t h e  camera lens. 
look beyond 112.5' t o  the  r lghtp It was necessary  for  the  pllot t o  turn 

t o  determine the angular l i ne  of slght, whlch accounts for t h i s  decrease 
The analysts  then were forced to   re ly  on only the head and positions 

in accuracy.  Table I1 i s  a summary of the H-21 hellcopter  reading 
accuracy. 

It i s  concluded that.  

1. For the H-13 hellcopter,  the  readings of the photographic 
frames were accurate  mthin 5" for   a t   l eas t  42 per c a t  of the  hori- 
zontal  readings and 44 per  cent  of  the  vertical  readings, whlle 72 per 
cent of the photographlc  frames  read were accurate  within 10' hori- 
zontally and 76 per  cent were acu -a t e  within 10" vertieally. 

2. For the E-21 helicopter, 39 per  cent of the photographic 
frames read were within 5" horizontally and 38 per cent were read 
vlthin 5" vertically,  whlle at l e a s t  60 per  cent of the photographic 
frames read were accurate  vlthln 10" horizontally and 62 per  cent 
were read Kithln 10' ver t i cd ly .  

3. The accuracies  obtained  are  sufficient  evidence that film 
analysis of p i lo t s '  eye movements as  described III this report i s  ade- 
quate  for  the purpose of t h m  study.  Since the  pi lot  eye-movuaent 
study i s  designed t o  determine  general  areas of the  xindscreen which 
are used most frequently by pllots,  greater  accuracies  are  not  necessary. 
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Error 

Degrees 

0 ~ 4.9 

5.0 - 9-9 

10.0 - 14.9 
15.0 - 19.9 
20.0* 

T o t a l s  

Error 

Degrees 

0 - 4.9 

5-0 9.9 

10.0 - 14.9 
15.0 - 19.9 

20.0, 

Totals 

Front Camera 

Horlzontal Reading 
Number Per Cent 

of T o t a l  

42 

33 

9 

7 

9 

100 .o 

Side Camera 

H o n z o n t a l  Readmg 
Number Per C e n t  
of Porn t s  of Total 

a7 45 

54 28 

27 14 

16 8 

u. 5 

195 100 .o 

Vertical Reading 
number Per C e n t  
of Poirits of T o t a l  

96 49 

54 28 

28 14 

8 4 

10 5 

196 loo .o 

Nu5ber Per Cent 
Verhoal R e d m n g  

Df Points of' T o t a l  

109 56 

46  24 

23 12 

8 4 

9 4 

19 5 100 .o 
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T U  I1 

A SUEMARY OF READING ACCURACY 
IN TEE H-21 HELICOPTER 

Honzontal  Readmg 
Number Per Cent Rumber Per Cent 

Vertical Read= 

of Points of Total of Points of Total 

1 2 3  39 I21 38 

68 21 78 24 

47 15 50 16 

35 ll 38 12 

45 14 31 10 

318 100 .o 318 100.0 

Error 

Degrees 

0 - 4.9 

5.0 9.9 

10.0 - 14.9 

15.0 - 19.9 
20.0, 

T O M S  



/FRONT  CAMERA 

\ SIDE  CAMERA 

TYPICAL  PHOTOGRAPHIC 

FRAMES 

F I G  1 INSTRUMENT  ARRANGEMENT  IN  THE  H-13C 



FIG 2 INSTRUMENT  ARRANGEMENT  IN  THE  H-21 



F I G  3 INSTRUMENT  ARRANGEMENT  IN  THE  H-34 



FIG 4 H-13 HELICOPTER  INSTRUMENTED  WITH  FIXATION  POINTS 



F I G  5 FIXATION  POINTS FOR THE  H-13  INSTRUMENTATION  STUDY 
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FIG 7 READING ROOM ARRANGEMENT FOR 
THE PILOT €YE-MOVEMENT FILM ANALYSIS 



I P T  I P T  

14 7-V 22 8-v 
37 3-H 29 3-H 

I 9 - H  3 7-H  
le00 

1 OPTS 13[ 1 3PTS 
20 5-v 
8 0 - H  

0 PTS 0 PTS 

I3 3-V. 
16 4-H 36‘2-H 

4.50 

I5PTS 14 PTS 
8 6 - V  10 I-v 3 9-v 
78-H 5 6 - H  5 8-H 

’oITI I 3  3 -V 7 6-v 4 7-v 
4 6 - H  4 2-Ff 

45” 

8 P T S  4 PTS 0 P T S  

10 0-G! 5 2-u 
rz Z-H 2 !-ti ‘1 Z W T S  9cP 

O’ 

33PTS’ 

LEFT 

v = VERTICAL ERROR 
H =  HORlZOtUTAL ERROR 

26 9 - V  
77 I-H 

5 9-H 
0 90’ 135” I BC 

25 PTS 

4 8-v 
8 3-H 

0 PTFS 

4 PTS 

16-V 

4 7-H 

0 PTS 

FRONT CAMERA 

FIG 8 THE AVERAGE H-13 READING ERROR IN  DEGREES FOR ANGULAR 
WINDSCREEN SEGMENTS IN INCREMENTS OF 45” 
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FIG 8 (CONTINUED) THE AVERAGE H-13 READING ERROR IN UEGREES 
FOR ANGULAR WINDSCREEN SEGMENTS IN INCREMENTS  OF 45" 
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FIG 9 THE  AVERAGE  HORIZONTAL AND VERTICAL  READING ERRORS  IN 
DEGREES  ON  THE  H-21 FOR ANGULAR WINDSCREEN AREAS 45" SQUARE 


