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PREI TMTMARY FLIGHT TESTS OF THE
FARRAZD OPTICAL SCAMNER

STMMARY

Thoe repert describes some preliminary flight lasis of the Ferrand
Optical Scanner to decervnizne +pe feasibility of supplemsmriag pilot vieion
w.th an opl.cal scemning device, Tre instruwent ves desigued for installation
in ai~ cassies Hr comrersial-bype alrcraft and to be ope-sled by a craw member
ovker lnen ithe pilob or c¢~pilot. Primarily, 1t was 1uccided for use 1o the
a.rvor. area where traffic congesiion 18 a contributing facler to midalr
coliia ona,

Mapt results imfigake thab the mazximym voewing range for the scanmer
is aprrox—mately 6 miles in clear weather vsing trimepor L-uype airera’t a3 a
target, The average discz.ce &l which wmtrained cusjects detect:d the target
frying svraight and level and overwgaking the siblect sircratc was 1,05 miles,
while ine average For *trained subjez*s was 3.75 miles, The average distause
for v reined sibjects to detect a target on a comverging course was 2,23
lea and for trained subgects 1t was 4.37 miles.

Nineteen subjects par*icipaited in 37 collision runs, Twelve subjects
failed to detect the target mirecraft curing 12 of the 37 runs. Thele ware no
targels sighted by the scogecte partizipating in the circular -couvergence lesis
flowa in the close proxaimity of en alrport.

From the resulils of the tests, il can be comcluded that the use of
an oplical scenning device e8 & supplemental eid to pilota! vision for de-
tecting approaching aircraft shows some promiee. The use of the acanner
should be confined to those ereas that normally are blind to both pilot and
copilo:, ard the scanner operacccs should be given & perlod of training. 4
screen or piotorial-type presentation of the scanner picture should be
investigated,

INTRODUCTION

Some advancement has been made in the pest few years toward
ipprovang the visibilaty fiom aircraft cockpits. however, since airplanes
mancuver 1n three~dimensional space, & pilot would have to be encesed in a
tranaparent bubirle t0 see anolher aircraft at all of the angles from which it
might approach. The bubble concept is out of the guegtiem with .oday's air-
craft confrguration, bub the possability of scanning all of the space ehout ap
alrplane still exigts.
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At present, the only means of detecting a potential denger In areas
pormally blind to both pilot and zopilot 1s to mske clearing~-turn maneuvers.
Suach maneuvers, 1f accomplished pericdically and consisteaily, not ouly are
ccsoly opevationally but they ales add to the discomfort ol the slrline
patrons, These meneuversd alse would be hazardous when perfoimed 1n & high
deasity area,

T:is report descrites an opticel scamner, taz flight tests that
weve conduci~d, and the resvlie cf the tests, The ins*rmeni vwas designed
and consirueted by the Farrvand Optical Company, Mow York, N. ¥, It waa de-
8i1gn:d to study ihe feacibilisy of a device, %0 be operaizd by a third cred
membc ¥, Lo 8canl the spece around a transpors-type airrlane asg an axd to the
P15 2a detecting the presence of claer aircrafit.

DESCRIPTION OF SCAMNCR

The optical design of the scamner x5 shewn 1n the cross section,
Fig. 1. The scanning pr.sm rotawes 360° avoat the vertlcel axis aad e hand-
orerased crank rotates the prism., Four iurns of the cran® cause one corplete
rotation of the prisr, The optic has a T76° cone of vision extending 55° gbeove
anil 2° below the horizon‘sl plaze, Figure 2 showa the prism and rotat:ing
hcad as 1t appears on top of ihe fuselsge., TFigure 3 shots the ecanver inetai-
lation al the engineer's position., A deswecator was imestalled o prevent
condensacion forming on the lenses dwring flight at varyiag altitudesa and in
extreme tempevature changes.

TEST PROCEDURE

It hea been determined by previous studies znd an analysis of
midair collisionsl that the most frequent angle of convexgence for colliding
aircialc 18 the direct overaking of one airplane by another, Thus, the
method used to test the scamacr wasd influenced by these previous studles,

The effeciiveness of the scanmer was mracured by the distaace at which a tar-
get 21rplane was devected by subject observers when the aircraft were flylng
collision courses simulating both airway asmd airport *+raffic conditioms,
Alrway traffic was simulated by two aircmaft on straighc and level converging
coarses. e airport situation was sumulated by a combination of atraight
and wurning flight paths,

1z, Byron Fisher and Wayne D, Howell, "An Investigetion of Some
Parameters Related to Midair Collisions of Aircraft," CAA Technical
Development Report No. 322 (in publication).
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The tests were conducted in deybtime only. Two pheses of converglng
en route courses were flown, a8 illustrated in Fig. 4. The flights were made
in the Indianapolia aree using both VOR-DME end visual check points along each
course for navigation. See Fig. 5. The two phases of alrport traffic eval-
uation were confucted in a similar manner except that flight paths simulzting
strolght-in epproaches and left-hand turning departures were involved. The
streight-in approach phase consisted of the subject's alrplane flying a
gtraight-in approach intercepted by the terget aircraft which was flying a
circuler~departure pattern. The aircraft then changed thedlr respective courses
for the departure phase, In this case, the subject's airplane flew the
circular-departure pattern and was intercepted by the target eaircraft flying
a straight-in approach. Typical flight paths used for the two phases of the
airport condition are shown in Fig. 6.

Both male and female personnel of the Center acted as subject
observers., All of the subjects were acquainted with flyiag end some held
current pllot licemses. Two of the female sublects formerly were stewardesses,
Since the scanner was designed for use by a third crew member, subjects were
gelected to Include crew members that normally would act as observers on
regular commercial flights,

An instruction sheet was supplied to each subject prior to the
flight., Any questions the subJect might ask during 2 short period of indoc-
trination with the scammer were answered by the accompsnying project engineer,
The subject was instructed to notify the supervising engineer each time en
airplane was gpotited during the evaluation flight. The pilote of each air-
craft synchronized their progress along the flight paths by calling each check
peint via radio, When a subject saw the torget airplene, the englneer would
record the number of the nearest check point over which each alrplane was
flying esnd alac the distance as indicated by the DME, The distance between
the two aircraft could then be computed.

The engineer that accompanied each subject was 1n continuous contact
with the pilots of both aircraft., Through radio communication apd the remote-
direction indicator on the scanner, the engineer could determine if the target
spotted by the observer was the intended target flying the converging flight
path. This same control and identification system was used for sll flights,

Synchronous acenning indicators were inatalled on both the engineer's
panel and the pilotts instrument panel to assist the englreer in determining
the rate of scanning for each of the subjects as well as indiceting the relative
bearing to the target, A tranamitter was attached to the scanner azimuth
indicator to power both the engineer's indicator and the pilot's indicator.
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A maximm threshold or range of 6 miles was established for the
scerner in detecting 2 DC-3 type tremgport at an altitude of 5,000 feet in
braght darlight wath a2 clear blue sky as the background and the farget edr-
plane lighted by direct sunlight., To establish the threshold, the subject
and target aircraft were flown on diverging courses of U5° separation and the
light level was esgentielly congtent during the flighta., Two trained subjects
vere used and the mexamum renge, the distonce at which lhe target paesed from
view, was the same for both flights.

In z2n effort to determine the Improvement in secanning that might be
expected from a training program end from experience in use of the scanner,
two 87, ,2cts were trained in 1lhe use of the scepner. These 1lwo subjects were
than given several houra of practice scenning in fiight prior to meking the
test runs,

Cround training consisted of':

1. Study of photographs of outlines of aireraft on converging flight
paths for varlous angles of ccnvergence,

2. Study of e chart of aircraft cutlines shown at verious distances
of separatbion,

3. Viewing motion pictures of aircraft on collision courses shown at
simuleted rates ol closure,

k., Study of different attitudes of aircraft models used to simulate
eircraft on converging courses.

5. Practice of operation of the scanner at a rotationel speed of
between 2 1/2 to 3 rpm.

Flight training consisted of;

l. Study of constant-angle convergence and profile of airplanes for
atraight and level flaght.

2, Learning to distinguish a turn end bapk attitude of a target that
would reguare tracking.

3. Practicing operating the scemmer st 2 1/2 to 3 rpm,

The rate of scaan of from 2 1/2 to 3 rfm provides a sweeping speed
that 1s slow enough to permit detection, yet fast enough to see another
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airplene three times when it approaches from 6 miles at 300 mph., The subjects
were then judged good, fair, slow, ete., according to ihe rate used in
scenning.

TEST RESULTS

The distences at which the target air-craft was detected for each
course of the *wo collision conditions are skhown in Figs. 7, 8, and 9. OF 37
colliiion courses flcwr, toers were 12 paases in which the -—erget ailrplane
was not G=tected for a total of 32 per cant migsed. The greslest number of
mi1g9cs wae durang IFaase 2 of the simulated terminel-area ccaditions; Fig. 9,
1n viati all five gubgects falled to detect the targel, Four out of slx sub-
Jez.s raii=d to dewect tne terget during Phase 1 of the terminal-srea con-
ditzons, tva subgeena mfgsed durirg ihe overtaking paase of the airrway
cordi ion, end one subjgect Tailed tu detect the larget awricg che converging-
courae Toale,

Figures 7 end 8 alsc provide a comperison of the detection ranges
for the witrained subjects and the two trained subjects., The difference in
average detection disvance for the two phases of tvhe airwaeys flight, for both
traiued and untrained subjec.s, 1s readily avgavent. This difference in de-
tection distance 13 atfributed to the difference in the totel area of the
target presevted by vairtus of the atbitude of the target airplane wllh respect
1o the svbject alrplane, The atiitude of the larget axrplene and the area
vigible 1n each phase of “re gimwlascd airway condition is shown in *he iuhner
right-hand corner of Fige., 7 end 8, Teble I shows the ccmditions existiag
at the time the evaluetion flights were made,

Previous vork at this Center has shown that the average transport
prlot can be expected to detect & target aircraft, converging at an angle of
30°, ai approximetely 3.5 mila2s separation. Using the scanner, trained sub-
Jects detecced the target aircrafi at an average separailion distance of 4,37
mileg, converging at en angle of 15° which normelly 1s blind 1o the pilots of
transport-type aircrart,

Turbulence and haze normally are encountered in the vicinity of
eirports. Both conditions were encountered during the terminzl-area tests of
the optical scammer. Some nausea discomfort was experienced by the subjects
during thcee tests., Although twbulence is considered to be the prime cauee

2W&yne D. Howell, "Determination of Daytime Couspicuity of
Transport Afrcraft.” CAA Technical Development Report Wo. 304, April 1957.
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of mausea or alirsickness, 1t 1s believed thet the procedure of keeping one eye
fixed ageinst the eye piece of *bhs scamner (monocular vision) and the irregu-
lar scam.rg rate resulting from hand operation of the scammer crank were con-
tribuving factors. It also 18 believed that nausea contributed to the effects
of turbulence and haze as conserms the failure of lhe aubgects to detect the
target airplane during the terminal-area wests,

CONCLUSIONS
It 18 concluded thet:

1. The use of an criical scanning device as & supplemental ald to
pilots? vision for deteccing approaching aireraft shows some prornise,

2., The gcapner ghould be limited in its rotailon to cover ounly the area
normal.y blind to both pilot ard copilot.

3. A more constant rate of scan could be maintained with the use of a
motor-driven rotetor,

4, There 15 an indication that operating personnel should be trained.

5. A screen or pictorial-type presentation should be investigated.
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Fair
Frir
(ood
air
Traxy
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TABLE I

SUPPORTING CONDITIONS

ATRWAY EVALUATION (FHASE I)

Alr

Smooth
Smooth
¢ nooth
Smoowh
Smaoth
Smoo*n
Med. Turb.
Med, Turb.,
Sauden
Smooth
Smooth
Smiota
Smooth

ATRWAY EVALUATION

Sxooth
Smocoth
Smooth
Smooth
Smooth
Smooth
Med. Turb,
Med, Turb.
Smooth
Smooth
Snooth
Smooth
Smooth

Vigibilaty  Atmosphere Taxrget
(miles) Loghting

10 Light Haze Direct

10 Light Hazz irect

15 Clear Direct

15 Light Heze Direct
Unlimited 1ght Overcast Direct
Talxmited Light Overcasbt Direct
Unlimited Clear Direct
Unlimyted (lear Dizect
Unlimited Clear D-rect
Unlimied Clear Direct
15 Light Haze Direct

15 Light Hazs Direct

15 Light Heze Direct

(FHASE II;}

10 Light Heze Darect

10 Light Haze Direct

15 Light Haze Dirget

15 Light Haze Direct
Tnlimited Laght Overcsst Direct
Unlamated Light Overcast Direct
Urnlimited Clear Direct
Unlimited Cizer Direct
Unlimited Clear Direct
Unlimited Clear Direct
15 Light Haze Direct

15 Light Haze Darect
15 Light Haze Indirect

Back-
ground

Lt.
Ltﬂ
L%,
Lt.
Lt.
Lt,

-
"o e

Lt,
Lt,
Cl.
Lt.
Lt.
Lt,

3
wa

Lt,
Lt.
Lt.
Lt.
Lt,
Lt,
Lt.
Cl.
Cl.
Lt.
Lt.
Lt.

White
Walte
Blue
Blues
Elue
Gray
Blue
Blue
Blue
Rlge
Blue
Blue
Blue

White
Yhite
Blue
Blue
Gray
Gray
White
White
Blue
Blue
Blue
Blue
Blue
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*Poor
Slow
FPair
Goad
Fast
Ccl,
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Scanning
Rate#

Fast
Good
Slow
Tast
Good
Slow

Fast
Slow
Good
Fair
Slow
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TARLE I (cont'd)
SUPPORTING CONDITIONS

ATRPORT EVALUATION (PEASE I}

Air Viseibvility Atmosphere
(miles)

Med. Tuwrb. 10 Light Haze
Med, Turb, 10 Light Raze
Mcd, Twwrb, 15 lear
Med., Twirb, 15 Clear
Smooth Tnilimited Clear
Smoo sh Tinlimited C-esr

ATRPQRT EVALUATION (PHASE II)

LT, Turb. 10 Light Haze
Lt. Turb, 15 Clear
Smeoth 15 Clear
Smooth Tnlimiscd Clear
Smooth Unlimited Cleax

1l rpm or less
1 -11/2 rm

2 rpm

21/2 -3 rm

over 3 rpm

¢lear

light

Target
Lighting

Indarect
Tandirect
Indirect
Indirect
Iadarz.v
Indarect

Direct
Direct
Direct
Direct
Direct

Back-
ground

Lt.
Lt.
CL.
Lt,
Lk,
Lt,

Lt.
L,
Cl,

=
a3

Lt,

White
White
Blue
White
Blue
Biue

Wite
Blue
Blue
Dlue
Blue
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DIRECT OVERTAKING CONDITION

TARGET AIRCRAFT
IAS =150MPH

SUBECT AIRCRAFT
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ANGLE MEASURED

CLOCKWISE FROM

STRAIGHT AHEAD

|5° CONVERGENCE ANGLE OVERTAKING CONDITION

TARGET AIRCRAFT
IAS =150 MPH
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SCANNER‘LA\/ SUBJECT AIRCRAFT
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