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DEVELOPMENT OF AN INSTRUMENT FOR 
MEASURING AIRCRAFT COCKPIT VISIBILITY LIMITS 

SUMMARY 

After much mvest,gatmn. and followmg 
the el,mmat,on of other prospective metho&, 
abmocular strip-film carnerawas consIdered 
to be the most pract,cal means f 0 r measur- 
,ng and recordmg cockplt vlslblllty llmlts in 
terms of angles of VlSlOrl This report de- 
scr,bes such a camera 

A photagraphx record showmg the out- 
lmes of the w,ndows ,n aIrcraft cockpits. as 
seenby the pIlot when he turns his head from 
extreme left to extreme right, can be easily 
andqulcklymadewlththecamrra The 
c am e r a automatically superxnposes a grid 
of hanzontal and vertical lmes in mcrements 
of 5’ an the picture. and in this way records 
the angles of vision ln alrcraft cockplts 

The camera uses two lenses. the spac- 
~ng of which IS equal to the average distance 
between the human eyes Thus. the bmocular 
effect of obstructmns to vlslon. such as wmd- 
shield posts. mstruments, etc , 1s obtamed 

The camera 1s capable of recording 
the co mp 1 et e lnslde of a sphere except for 
the extreme polar regions, and p e I f o r m s 
w,th suff,c,ent accuracy to permit a very 
close duplrcatmn of data while working I= 
the crowded condltlons of arcraft cockpIts 
It 1s not restrIcted to utlllty In arcraft 
cockplts alone, bur 1s equally useful ,n any 
type of s~mllar enclosure, for example, the 
InsIde of an automobile 

INTRODUCTION 

Several years ago, the problem of 
vision from arcraft cockpIts, as related to 
wlndow size, type and locatIon, began to re- 
ce1ve mcreasmg attention S u c h attrntlon 
was preclpltated as a result of rmd-air col- 
llslons ,n which the p,lots 1 nv o 1 ye d did not 
see the other arcraft at all, or until essen- 
tlally at the , n s t an t of Impact It also was 
e v 1 de nt that entirely different standards of 
v~s,on were bemg used I,, the design of new 
arcraft, and that vls,on ,n some models was 
consIdered Inadequate by pilots and regula- 
tory authontles 

During 1948, the Clvll Aeronaut,= s 
Admmistrat,an TechnIcal Development and 
EvaluatmnCenter embarked 3n an uwrstlga- 
tlon of th,s problem The purpose of the in- 
vestlgatlon was to establish, on so me rea- 
sonable basis. defuute standards of v 15 1 on 
that would assure adequate vlslbhty III ali-- 

craft. which - ,n turn -would promote safer 
operatmn of arcraft 

Early in the mvestlgatmn It be c am e 
evident that It would be necessary to establlsb 
a standard me ans for measurmg vlslb,l,ty 
Several exlstmg mstruments and techniques 
used to measure angles of vls,on were evalu- 
ated, but none were considered tobe entirely 
satisfactory The mstrument descrlbedhere- 
in was deslgned and constructed for us e in 
the TDEC mvestlgatmn, and for us e by II,- 
dustry and regulatory personnelm thedesIgn 
and arworthmess certlflcatmn of alrcraft 

The mvestlgatmn be in g carried on at 
the TDEC IS quite broad ,n scope, and one 
phase of the Invest gatmn already completed 
has been reported \ 

GENERAL CONSIDERATIONS 
OF INSTRUMENT DESIGN 

Many types of measurmg devices that 
have been used to record aircraft cockp,t 
vlslblllty have been evaluated One mterest- 
mg type records the visual fields by placmg 
a model of the axrcraft cockplt Inside a cylm- 
der lmed with sensltlzed paper An expo- 
sure IS then made by hghtmg a s m al 1 lamp 
placed wIthIn the model at the locatlon of the 
pilot’s eye The zones of shadow on the 
film thus represent a cylmdrical pro,ect,on 
of the contours of the pIlot’s f 1 e 1 d of view 
Another type 1s an , IL s t rum en t called the 
V,s,ometer, wh,ch 1s 
protractors together 

3made by fastenmg two 
Measurements are 

made of the l,mltat,ons ,mposed bythe struc- 
tural features of the arcraft and plotted on 
polar proJectIons Another type studled uses 
a special slghtmg device mcorporatmg peep- 

1 George L Plgm an and Thomas M 
Edwards, “Axllne Pllot Questlonnalre Study 
on Cockplt Vlslbillty Problems,” CAA Tech- 
nlcal Development Report No 123, September 
1950 

2 E A Vannucc,. “Diagram 01 the 
PIlot’s Field of View. ” Attl Guldonla 19(42) 
13-20, 1941 

3 Melvm N Gough, “The Measurement 
ofthe F,eld of View From Axplane Cockp,ts,” 
NACA Report 514, 1935 
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Fig 1 Bmocular Cockplt Vlslbhty Camera Set Up In Douglas DC-3 Cockpit 



holes 
p1ottmg 

aqd protractors to locate points for 
Another instrument consists of a 

self-level,ngvert,calscale for readmg angles 
ofelevatIon and depressmn, and adlr~ctmnal 
gyro to provide the azimuthal scale Estl- 
matlons are made at 5” Intervals. and the data 
are plotted on graph paper In still another 
design, a p’nhole camera ghotographxally 
r e c o r d s the visual fields The xnage 1s 
SuperImposed on a gnd which p e r ml t s the 
angles of vls,on to be read dxectly from the 
film Severalshots are requ,red to measure 
the entlre cockplt 

None of the devices afore-mentIoned 
possesses all the features wh,ch are consld- 
eredtobenecessaryanddeslrablefor a 
standard Instrument to be employed for the 
purpose of measurmg cockplt vlslblhty In 
this respect, such an mstrument should con- 
slstently provide accurate results, wh,ch 
can be obtamed quickly and w,th comparative 
ease ~nthe crowded conflnes ofaIrcraft 
c o c kp, t s, allow easy mterpretation of the 
flnal record, permit a record to be made 
showmg the effect of pllot head and shoulder 
movemqnt and produce a record which shows 
the effect of structural and cockpit equip- 
ment obstructlons on the pllot’s fxld of 
vlslon as seen by a pllot with both eyes 

In developrig the p I e s e nt camera, a 
mock-up model. using only one leni. was 
made from a converted”C,rk”t” camera 
This was an extremely large and bulky in- 
strument, and served only to prove the basic 
theory HClWZW?r, It was possible to estab- 
llsh a correct rotatmg speed and film move- 
ment relatlonshlp The wvldth of the exposure 
slot also 1s very crItIcaland was establlshed 
I* the mock-up camera The present camera 
was designed and built at the CAA TDEC at 
Indlanapolx, Indiana 

DESCRIPTION OF THE BINOCULAR 
COCKPIT VISIBILITY CAMERA 

Illustrated m Fig 1 1s the bmocular 
cockplt vlslbllltycamera which was deslgned 

4w B Klemperer,” Cockplt Vlslblllty 
Lrmts,” Douglas Aircraft Company Report 
No 2676 

5 M Leyeorek, “Hand-Held Instrument 
for Measurmg Visual Fields From Aircraft,” 
AAF Air TechnIcal Service Command. Enn- 
meermg Dlvlsmn, Memorandum Rep&t N;, 
TSEAL 3-695-48C, 11 April 1945 

6 
Jean St Thomas, “Four Cameras for 

Research in the AeronautIcal Field,” Photo- 
graphic Engmeermg 1 76-93, July 1950 

for use as a s t a nd a r d means of measurmg 
and recordtng cockplt vls,on aneles It 
weighs 46 pounds Assembled on the tripod, 
Its maximum dxnenslons are 15 Inches in 
wdth, 15 l/Zinchesmdepthand353/4 
Inches in height The twolenses are approx- 
xnately 30 Inches above the feet of the tripod. 
thereby p1acr.g them at the eye-level of the 
average seated pllot 

The camera can be converuently set up 
1” the p&t’ s seat and s e c u r e d I,, place by 
usmg the pllot’s seat belt The forward leg 
of the three-leg mount IS adJustable to permit 
lnltlal levelmg Fmal leveling 1s accom- 
phshed by us,ng the four screws onthe 
transit head-type mount adjustment In this 
camera, the f,lm moves at a speed of 0 465 
Inches per second. and the entlrc camera 
rotates about a v e r t 1 c al axis at a rate of 1 
revolutionevery 36 seconds, or 10’per 
second 

A schematic d,agram. shawng the 
arrangement of the opt 1 c a 1 system, can be 
seen ,n F,g 2 The optlcal system, shown 

Fvg 2 Sect,on Through Camera Showng 
OptIcal Arrangement 
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Fig 3 Complete Optxal Assembly 

in Fig 3, was dtslgned as an mtegral unit 
with the face or front of the camera and, by 
removmg SIX screws m front and three screws 
m the back, the entlre optxalsystem may be 
r e m o v e d for cleanmg or collxnatmg The 
lenses used m the bznocular camera are 
Wollensak b5mm. F b 8, Raptar wide angle, 
mountedmAlphaxshutters The angular 
coverage 1s 88 l/2’ The lenses were matched 
onanoptlcalbenchtoselecttwoofthem 
wlthexactlythe same focal lengths They are 
mounted m the camera on a flat surface so 
that their optIca axes are par a 11 e 1 The 
distance between the two optIca axes IS 
2 l/2 Inches, which IS the average mteroc- 
ular distance s e p a r at Ing the human eyes 
The axis aboutwhlch the camera moves when 
the elevation adjustment 1s made passes 
through the second nodal pomt of the lenses, 
so that the r e ~111 be no shift of Image when 
the vertical angle of the camera 1s changed 
The elevation adJustment 1s shown m Fig 4 
The camera rotates about a vertical ax15 
that 1s normally lo c ate d 3 l/3 Inches from 
the lenses This dxnenslon corresponds to 

the mean d 1 s tan c e between the front of the 
human eye and the odontold p r o c e s s, I e , 
the pivot about which the skull rotates m the 
vertebral column By movmg the camera 
toapositlonshownmFlg 5, thelenses 
rotate about an 8 l/3-mch radius Instead of 
the 3 l/3-mch radius This adjustment 1s 
used to r e cord the cockplt vxmn angles as 
they would appear to the pllot If he moved his 
head five mrhes forward of his normal posl- 
tlon In deslgmnk the camera m t hl s man- 
ner, It was assumed that the pllot ~111 move 
his head and eyes m the dlrectlon he 1s seek- 
mg Increased vision 

The four prisms. shown m Fig 2. are 
adjustable for vertical colhmatlon, and they 
are rotatable topernnt the xnages to be 

7 
M V Hall and L J Greenbaum, Jr , 

“Areas ofVlslonandCockpltVlslblllty.” 
OffIce of Avlatlon Safety, CAA 
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Fig 5 Camera Set m Five-Inch Forward 
PosItIon to Sxnulate PIlot Head 
Movement 

Fig 4 Front View of Bmocular Cockplt 
V,slblllty Camera 

superlmposed at a prescribed distance A 
distance of 200 feet was arbztrarxly selected 
as the “~nfm~ty” at which images are super- 
xnposed All objects vIewed by the camera 
beyond 200 feet are superlmposed, whereas 
allob~ects vlewednearerthan 200 feetappear 
double The distance between the two Images 
mcreases as the object 15 moved closer to 
the camera The lenses are fIxed focus and 
set for an obJect distance of 21 Inches How- 
ever, smce f 22 or f 32 1s the aperture sme 
no r m d 11 y used, the rrsolvmg power at in- 
flnlty IS adequate to deterrmne the locatIon 
of the horleon 

The film used mthe camera 1s standard 
6-Inch by 5-foot or lo-foot CL r kut camera 
fllrn A contact prmt of a Convair 240 cock- 
pitis shownmFlg 6 The horizontal and 

vertical g r I d s are located at 5” Increments 
andaresuperlmposedonthefilm asthe 
cockplt vlslblhty picture 15 taken The horl- 
zontal grid 1s produced bp the InsertIon of a 
Plexiglas grid between the film and the lens 
in the l/16-Inch wIde slot A, which may be 
seen III Fig 7 The vertical. or azimuth, 
grid 15 made by flrmg an argon lamp through 
the 0 005-Inch wide slot B, also shown in 
Fig 7 The actuating cam, which IS located 
on the film drive shaft, fires the argon lamp 
at 5”lntervals of rotation Also shown III 
Fig 7 1s the soft rubber roller that 1s used 
to drive the film 

Evenly-dlstrlbured hght over the entlre 
length of the slot 1s obtained by usmg a 
Plexiglas tube with a white lme panted on one 
side of It Both argon and neon lamps were 
tested, and It was found that the Super XX 
f 11 m was considerably m o r e responsive to 
the argon lamp The lamp 1s located m the 
lamp box shown ,n Fig 7 The argon lamp 
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1s flred by the discharge of an 8-microfarad 
condenser charged to 270 volts The power 
1s obtained from four b 1 l/Z-volt B batterws 
connected m series and housed m the battery 
box shown ln Fig 8 The camera 1s rotated 
and the film 1s advancedby the electrlc- 
drive motor shown In Fig 4 This motor 1s 
powered by f au r b-volt batteries connected 
In series. Batteries are shown In Fig 8 

USE OF THE BINOCULAR 
COCKPIT VISIBILITY CAMERA 

The camera IS very sxnple to use and 
vlslbllity records can be made very quickly 
Thscamera can be loaded and unloaded m- 
side or outside of the airplane It 1s neces- 
sary only to level the camera In the pilot’ s 
s eat at the designed me an eye posItIon and 
c h e c k the angle of coverage using the open 
sights shown in Fig 9 If the vlslblllty an- 
gles are greater than 88 l/Z’, It 1s necessarv 
to make two sweeps with the camera at dlf- 
ferent elevatmn settings, also shown In Fig 
9 A composite picture 1s then made by 
1 o 1 n 1 n g the two photographs together at the 
bIsector of the two elevatlan aneles at which 
the sweeps were made Such a record of a 
Boemg 377 alrplane 1s shown m Fig 10 

While makmg a cockplt vlsiblllty rec- 
ord, the alrplane should be parked so that 
the sun’ s rays strike the alrplane from above 
and from the rear. and It 1s desirable that as 
much as p o s s 1 b le of the horizon be vlslble 
from the cockplt However. It is not neces- 
sary to level the aIrplane This 1s compen- 
sated for, throughuse of a zero reference 
point on the wIndheld, whlchpffrmts correc- 
tlon of the photographlc r e cord so obtamed 
for any attitude of the alrplane Zero refer- 
ence pomts are Indicated in Figs 6 and 10 
The zero r c f e r en c e point 1s a pomt on the 
wmdshleld straight ahead of the camera It 
IS defined by the mtersectlon of a horleontal 
and vertical plane The horizontal plane IS 
at camera lens level The vertical plane IS 
parallel to the plane of symmetry of the ar- 
plane and mcludes the axis of rotation of the 
camera 

It 1s necessary to record the angle of 
mclmatlan of the longltudmal axis of the air- 
plane at the time the record 1s made W,th 
this mclmatlon angle known, It 1s simple to 
correct the horizontal zero line for level 
flight attitude The horizontal zero line 1s a 
lme drawn through the zero reference pomt, 
as shownmFlgs b and 10 It 1s then evl- 
dent that an addltlonalcorrectlon IS possible, 
to show the vlslblllty angles perrmtted by the 
airplane structure with the arcraft In other 
attitudes 
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Fig 7 Rear View of Binocular Cockpit V,slbdty Camera With Back Open 
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Fig 8 Battery Box Wxth Cover Removed 


