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PREXLIM-EWtY FLIGHT TESTS OF TEE 
FJG3XXD E'TICAL SC.Qi3ER 

INTRODUCTION 

Some advancement has been made in the pest few years toward 
lmprovlng the nsibillty from aircraft cockplts. however, since BirplaUes 
mmeuver m thrzedJmensiozxx1 space, a pilot would have to be encased in a 
transparent bubble to see ano',her a-craft at all of the mgles from which it 
might approach. !&he bubble coxept is out of the queaticn with &day's air- 
craft cotilgxratloa, but %e posslbllity of acannng all of the space about rtu 
airplane still exists. 
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At present, the only means of detecting a potential danger in arsas 
normally blind to both pilot and copilot is to make clearing-turn maneuvers. 
S xk mmeuvers , If accompllobed perxdrcally snd COllsiBt2liiy, not Ouly sre 
ccs"Ly operationally but they also adc. 1 to the d.iscomf0r-t 0: the airline 
pa:rons, rThese maneuvers also would be hazardous when Tperformed iu a hjgh 
dexi-cy area. 

This report describes an optical scanner, trle flight tests *at 
were conduct-d, and the results cf the tests. 5e mns~rme~~. )?a8 deeiged 
sad cons'zu&ted by the Farrand Gptxal Company, W-J Xx-kg PI, P. It was de- 
slgzd to study >he for~ibllity of a device, to be oper~.kd by a -3rd cred 
mem'r< x, to RC~I the spece aromE a transport-type alrplaz as an e:d to the 
pl<oL LI detectmg the presence of cLoer aircraft. 

The optxal desfgn of the scarnor 1s eh%n 111 'Le cross section, 
Pig, 1. The scannzng prldm rotaLes 360” about the vertical axis &Id s hand- 
opcra;ed crank rotates the pr,sm, Four turns of the crank cause one comp.lete 
ro-~a+IIon of tile p,t?ism, The optx has a 76” cone of vision eticndmg 55" ab.jcve 
an3 29" below 'kc horlzon:al plane. E'lgure 2 shox,rs the prism aud. rotatxg 
head as it appears on top of the fuselage. Blgxce 3 sho:*s the seamer ins'&- 
latlon ai the engineer's position. A de&!iLcca'wr was l~lstalled to preven: 
con&nda+,~o~ forming on the lenses dm=g flight at varylng ai.tltudes and 111 
exveme temperature changes. 

!FEST PROCEDURE: 

It has been determined by prelrlous studies and an analysis Of 
midair coll~sionsl that the most frequent angle of convcgence for colliding 
airclaf‘ 1s the direct eve-' -,al;mg of one aIrplane by another. E-m, the 
method used to test the acanner was mfluenced by these FIFJ~OUS SttiieS. 
The effectiveness of the scanner was mcscured by the d~tance at which a tar- 
get airplane was de-cected by SubJect observers when the aircraft were flying 
collision courses slmulatlng both axway and airport trsffx conditions. 
Airway traffic was simulated by two airc"a?t on stralghc and level converging 
coILpse.9. 'The airport situation was simulated by a combination of straight 
and -cwnFng flight paths. 

1R. Eyron Fisher snd Wayne D. Howell, "An Investigation of Some 
Parametera Related to Midalr Collislona of Axxraft," CAA Technical 
Development Report No. 322 (in publication). 



3 

The tests were conducted in day-time only. Two phases of converging 
en route courses were flown, as illustrated 1~. Fig. 4. The flights were made 
m the Irdianapol~s sxea using both VSD-DNE and visual check points along each 
course for navigation, See Fig. 5. The two phases of airport traffic eval- 
uation were conducted. in a simllsr manner except that flight paths simulating 
etra&t-in approaches and. left-hen3 turning departures were involved. The 
straight-in approach phase consisted of the SubJeCt'S airplane flying a 
straight-in approach rntercepted by the target aircraft which was flying a 
circular-departure pattern. The aircraft then changed their respective CourseE 
for the departure phase. In this case, the subject's airplane flew the 
clrcular-depsrture pattern and was intercepted by the target aircraft flying 
a straight-in approach. Typxal flight paths used for the two phases of the 
avport condition are shown in Frg. 6. 

Both male and femsJ-e personnel of the Center acted as subject 
obeervers u All of the subJecta were acquainted with flyl.rg and some held 
current pilot licenses. Two of the female subjects formerly were stewardesses. 
Since the scanner was deslgced for use by a third crew member, subjects were 
selected to include crew members that normally would act as observers on 
regular commercial flights. 

An Fnetruction sheet was supplied to each subject prior to the 
flight. Any question6 the subject might ask during a short perrod of ind.OC- 
trinatlon with the scanner were answered by the accompanying project engineer, 
The subject was instructed to notify the supervising engineer each time an 
arrplsne was spotted during the evaluation flight. The pilots of each air- 
craft synchronized then progress along the flight paths by calling each check 
point via radio. When a subJect saw the target airplene, the engineer WOdd 
record the number of the nearest check point over which each airplane was 
flying and also the distance as indicated by the DME. The aistsnce between 
the two aircraft could then be computed. 

The engineer that accompanied each subject was in continuous contact 
with the piLots of both arrcraft. Through radro communication and the remote- 
directron indxator on the scarner, the engineer could determine if the target 
spotted by the observer was the intended target flying the converging flight 
path. Tcis asme control and identificatx2n system was used for all flights. 

Synchronous scanning indicators were installed on both the engineer's 
panel and the pilot's Instrument panel to assist the engineer in determining 
the rate of scanning for each of the subJecta as well as indicating the relative 
bearmg to the target. A transmitter was attached to the scanner azimuth 
indxntor to power both the engineer's indicator and the pilot's indicator. 
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A maxrmvm threshold or range of 6 miles was established for the 
sceaner in detecting a DC-3 type txnsport at an altrtude of 5,000 feet in 
brrght dcyl-r&t wrth a clear blue sky as the background end the target air- 
plane L&ted by direct sunlight. To establrsh the threshold, the subJect 
end tnrget aircraft were flown on diverging courses of 45O separation and the 
11&t lerel was essentrally constant during the flrghhts. Two tralned subJecta 
were used and the rnaxmm range, the dlstonce at which the target passed from 
view, was the same for both flrghts. 

In en effort to determine the improvement in scanning that might be 
expected Prom a training program snd from experrence u1 use of the scscner, 
two s-":.,ects were trarned in the use of the scanuer. These two subJecta were 
zban given several hours of practice scanning in flight prior to mhklng the 
test ruL3. 

Crouud training consrsted of: 

1. Study of photograPhs of outlines of axcraft on convergtig flight 
paths for various angLea of convergence. 

2. Study of a chart of aircraft outlines shofin at various diEtanCeS 
of separatron. 

3. Qiewmg motion pictures of aircraft on collision coursee shown at 
srmulated rates 02 closx-e* 

4. Study of different attitudes of aircraft models used to simulate 
aircraft on convergmg courses. 

5- Practice of operation of the scenner at a rotational speed of 
between 2 l/2 to 3 rpm. 

Plight training consisted of: 

1. Study of constant-angle convergence and profile of airplanes for 
straight and level flight. 

2. Learnnmg to distinguish a turn and bank attitude of a target that 
would requrre tracking. 

3. Practxrng operating the scorner at 2 l/2 to 3 rpm. 

The rate of scan of from 2 l/2 to 3 rpm provides a sweeping speed 
that is slow enough to permit detectlon, yet fast enough to see mother 
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axplane three times when it approaches from 6 miles at 300 mph. The subjects 
were then Judged good, fair, ~10%~ etc,, according to ihe rate used in 
seeming, 

TEST FEXL!E 

The distances at which the target aixraft was detected for each 
course of the Wo collis;on conditions sre shorn in Figs. 7, 8, @nd 9. Of 37 
co111 210~1 courses fl;;a:, there were 12 passes III which the -a-get amplan@ 
was not d=tected for a total of 32 per cant rmssel. PLz greatest number of 
miss's kss during IJase 2 of the sxxlated zrminsl-@?@a conditions, Fig. 9, 
x2 dd:: all five subJec-63 failed to dettect the target. xx.L- out of six sub- 
j?>,,L s l'a;i@d to d@tPct tn@ target during Phase 1 of the terminal-ar@a con- 
ditzons, t~"o subJects m!.ssed duxirg the overtakxng pnaec of cl@ ar~V.ay 
CO&i-ion, cd one SubJ@C t failed tti detect the ?arge; d~-iGg ;he converging- 
co'aae pki3e. 

Figures 7 and 8 also provide a comparison of the detection ranges 
for the untrained @UbJ@CtE and the two trained subjects. The difference in 
averqe detection dlstsnce for the t;~o phases of r;ne airways flight, for both 
traiLled and unttamned subb:ecs, is readily anparent This difference in de- 
tection distance is attsrbuted to the difference in the total area of tie 
target pr@se?ted by virtue of the attitude of the target airpzsne wic$ i'eqect 
to the SubJect airplane, The attitude of the target air&one and the area 
vxsible in each phase of ',?e si@tulatcd airway condition is shown in *he qper 
right-hand corner of Fig@. 7 and S. Table I shows the ccnditions existing 
at the time the eval.uat~on flights were made. 

Previous work at this Center has shown that the average transport 
pilot can be eqzcted to d@tect a target aircraft, converging at an angle of 
30”, a% approxunately 3>5 ml<38 separation. Using the scanner, trained sub- 
Jects dete;ced +&a target aircraft at en average separation distance of 4,37 
miles, converging at an angle of 15" which normally is blind to the pilots of 
transport-type aircraft,2 

Turbulence and haze normally are encountered in the vicinity of 
airports. Both conditions were encountered during the terminal-ore@. tests of 
the optical scanner, Some nausea discomfort was experienced by the subjects 
during these tests. Althaugb turbulence is considered to be the prime cause 

% ayne D. Howell, "Determ~ation of Daytime Conspiculty of 
Transport Aircraft, ' CM Technical Development Report NO. 304, April 1957. 
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of nausea or amsickness, 1.t is bellwed that the procedure of keeping one eye 
fixed agamst the eye piece of +A* scsrmer (monocular YLS~~) and the irrew- 
lar scs.rm,?g rate resulting from h3sd operatmn of the scnmer cranll were con- 
tiibu-,:ng factors. It also ~.s believed that nausea contribu+xd to the effects 
of tur’sulence and haze as con?ems the fallure of the subJects to detect the 
tSJ2get SJrp~Sile during the teimlnal-area xsts. 

coIK!LEIoNs 

It 1s concluded tha?: 

1, The me of 611 cptical amruing dence as a s~p>lemmtal aid to 
piiotrl ms=on far detecciqg approaching aircraft shows some prmxe. 

2. The scemer should be limi%. in its rotation lie cover only the area 
normXy ulmd to both plloti sd copdot. 

3. A more constaut rate of scan could be mamtained with the use of a 
motor-driven rotator. 

4. There 1s an mdxatlon that operatmg personnel should be trained. 

5. A screen or pxtorial-tgFe presentation should be mnvestigated. 
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TABIEI 

S'JPPORTING CONDITIONS 

AIRWAY EVALUATION (PliA!Z I) 

A1r Visibliltg Atmosphere Tszget Back- 
(miles) L,gJltLng &TO& 

A Fair Smootih 
3 Frir Smooth 
C mod. ?soo%h 
D Fair Snoo Ih 
E Fair Sm30cl 
F Easr; Snoo~h 
G G30d Med., !brb. 
E slow Mea. Turb. 
I SLOW SnLc~ "2 
J Poor SlNdh 
R Good Smooth 
s Good Sm3otjl 
T Good Smooth 

A Fan 
B Fan 
C Good. 
D Fan 
E Pad 
F Fast 
G Good 
H Slow 
I Slow 
J Slow 
R GOOd 
S Good 
!c GOOd 

Li&.t Hxze Dnect Lt, White 
Llg'lt Baazs Direc :. Lt. iJaite 

Clear Dwect Lt, Blue 
Light Haze Dxect Lt. Blue 
Lz&t Oxziast Direct Lt, Xue 
1,5&t Overca.it DLr?ct Lt. Gfay 

Gear Direct I-- -e Blue 
Clear 01zect Lt, Blue 
Clear D:XC% Lt, Blue 
Cleaz Dv.-ect Cl0 3Lue 

Ligb! gaze Direct Lt. Blue 
Ll&t Haze Direct Lt, Blue 
Light Haze Direct Lt. Blue 

AIR'JAY EVALUATION (PHASE 11: 

Smooth 
smooch 
Smooth 
smooth 
smoo t?. 
Med. Twb. 
Med. Turb. 
smooth 
Smooth 
smooth 
Smooth 
smooth 

10 Light Haee DlreCt Lt. white 
10 Llgi-lt Haze Dnect Lt, White 
15 Light Haze Dlrwt Lt. Blue 
15 Light Haze Direct Lt. Blue 

Unlmlted L&t Ovexast Direct Lt. Gray 
Unlimited Llgbt Overcast Direct Lt, Gray 
UYLLlmlted Cleax Dll"ect Lt, White 
UriLxni'wd Cl-XC Direct Lt. mite 
Unllmlted Clear Direct Cl. Blue 
Unlxnted Clear Direct Cl. Blue 

15 Light Haze Direct Lt. Blue 
15 Light Haze Direct Lt, Blue 
15 Light Haze Inalrec t Lt. Blue 



Subject SC-ng 
Observer Rate++ 

II Fast 
L Good. 
M Slow 
N Fast 
0 Good 
P Slow 

K Fzst 
M Slow 
N GOOd 

0 Fair 
P Slow 

TABIS 1 (cont'cl) 

SUPPOETING CONDITIONS 

AIRPORT EVALUATION (PEASE Ij 

Ail- Visibility Atmosphere Target Back- 
(miles) Llghtlng ground 

Idea, TQ"b. 10 Light Haze 
Med. Twb, 10 Ll&t Kaze 
Mc6. Tiwb. 15 Clear 
Med, %zb, 15 Clesr 
Smoo%h Unllmlted xcar 
smoo ;h Unilmited c: ear 

AIRWET EVALUATION (PZASX II) 

Indirect Lt. White 
Indirect Lt. White 
Indirect Cl. Blue 
Indirect Lt. white 
I?!dzxe-.t Lt. Blue 
iaduecr. Lt. Biue 

LT. Turb. 10 Light Haze 
Lt, Turb. 15 Clesx 
Smcoth 1-5 Clear 
Smooth unlti.t~.ad Clear 
Smooth unhmited Clear 

Direct Lt. Xnte 
Direct Lt. Blue 
Direct Cl. Blue 
Direct Lt. 3lue 
Direct Lt. Blue 

*?oor - 1 rpn or less 
Slow -i- ll/2 rpm 
Fan -2rpm 
Good - 2 l/2 - 3 r-p 
Fast - over 3 rpm 
Cl. - clear 
Lt. - light 



SCANNING PRISM 

ROTATI NC HEAD 

TOP OF FUSELAGE 

LENS SYSTEM 

BODY TUBE 

LENSES 

< 

MIRRORS- 

r LENSES 

EYEPIECE 7 

FIG 1 CROSS SECTION OF FARRAND OPTICAL SCANNER Wm*wU kz%z ,im 







DIRECT OVERTAKING CONDITION 

TARGET AIRCRAFT 
IAS =150MPH 

LINE OF SIGHT lEO-’ 
ANGLE MEASURED 
CLOCKWISE FROM 
STRAIGHT AHEAD 

SUEECT AIRCRAFT 
IAS -IZOMPW 

I5O CONVERGENCE ANGLE OVERTAKING CONDITION 

TARGET AIRCRAFT 
IAS -150MPH 

LINE OF SIGHT 240’ 
SUBJECT AIRCRAFT 

IAS =120MPH 
ANGLE MEASURE0 
CLOCKWISE FROM 
STRAIGHT AHEAD 

FIG 4 CRUISE CONDITION FLIGHT PATH 
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FIG 8 INDIVIDUAL SCANNING PERFORMANCE, CRUhING CONDITION 
15” CONVERGING COURSE5 
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FIG 9 INDIVIDUAL SCANNING PERFORMANCE TERMINAL AREA CONDITIONS 


