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A STUDY OF PILOT EYE MOVEMENTS DURING
VISUAL FLIGHT CORDITIONS IN ARMY FIXED-
WING LIATSON-RECONNATSSANCE-TYPE AIRCRAFT

SUMMARY

To obtain further subetantial information for esteblishing minimum
angles of vision from the cockplts of Army lielson-reconnaissance=-type
fixed-wing aircraft, motion pictures were taken of pilotse' eye movements
vith a newly developed head-mounted cemera while each of e group of Army
pilots performed various normal and tacticael flight manenvers. The head-
mounted cemera recorded both the field of view in the pllot's look direction
and the eyes and forehead on each photographic frame.

It wves possible to determine through which portion of the
windshield the pilot was looking within 3.3°. The reesulting deta are pre-
sented for all conventional and tactical maneuvers performed In the Cessna
L-19 "Bird Dog" aircraft im terms of the percentage of photographic frames
to show the use of the availasble windshield ares.

The windshield area used by the pilots during the pilot eye-
movement study substantiates, t¢ s considerable extent, the conclusions
drawvn from a pllot questionnaire study of windshield use reported previously

INTRODUCTICN

There has been a growlng interest in cockpit wisibility in recent
years. The Office of the Chief of Army Transportation requested that the
Technicel Development Center (TDC) of the Civil Aeronsutics Administration
conduct a program to determine cockpit visibllity requirements for the satig-
Tactory performance of all necessary mancuvers of Army lieison-reconnaigsance=-
type fixed-wing aircraft The first phase of this program, a questionnaire
study of pllot opinion concermning the quelity of existing vieibility in
which a preliminary windscreen cutline was determined, has been completed.l

This report covers a phase of the cockplt visibility study, the
specific alm of which 15 the determination of areas of the windshleld and
visual angles actually used by the pilots in performing varicus conventional
and tactical maneuvers. The conventionel maneuvere were takeoff, landing,
and cruise, and climbing, level, and gliding turns. The tactical maneuvers

1Eugene E. Pagera, "Cockplit Visibility Requirements for Army
Lisison-Reconnaissence=-Type Airplanes, Part I, Pilot Opinion and Tolerance
Study, " Technical Development Report No 369, October 1958.



2

included short=field takeoffs and landings, message pickups and drops,
artlllery spottirg, road smnd object reconnaissance, supply drops, formation
flying, end wire laying.

TEST PROCEDURE

Previcus eye-movement studies invelving other types of asireraft
wvere performed by placing & motion picture cemera in front of the pilot to
record his eye movements, or by photographing the refliection of the piiot's
eyes in & mirror placed in front of the pilot. These methods were not sult-
eble in the L=19 sirplaene, however, because there was not sufficient space
to mount a camera where it would not interfere with existing visibility.

The use of mirrors in an L-19 also was impractical because of the range of
rllot head and body movements which made it impossible to keep his eye
images in the field of view of any reasonable arrangement of mirrors.

It was decided, therefore, that a new method of reccrding pilot
eye movements should be deviged  Specificetions were prepared for a head-
mounted camera that would record the eyes and forehsad of the pilot, es
well as the field of view in the lock direction gon each frame of movie film.
The cemera,® shown in Fig 1, was degigned end fabricated by PAR Products
of Hollywood, Calif. It uses a 100-foot roll of 16 mm movie film. The film
is exposed at & rate of 4 frames per second and records about 16 minutes of
flight. The camera has a 9 5 mm lers whieh gives a fieid of view of about
43° horizontally and verticelly. The camera is cperated by a 24-28 volt
d=c motor from a baittery pack or the aircraft electrical system. Typical
photographic frames teken with the camera are shown in Fig. 2.

Tests performed with the camera showed that a sublect's direction
of sight can be determined within ap average accuracy of plus or minus 3.3°.
This means thet the actual point on the I-19 windshield through which the
pllot locked at any particular moment was determined srithin an average of
1.4 inches of the true point.

The L=19 aircraft windshield, side, and top windows were marked,
using a semsphoric code system to aid in identifying the portion of the
windshield being used by the pilot when the surrournding structure is not
visible in the field of view of a particular photographic frame. Black
electrical tape about 1/8-inch wide and 1 inch long was used to merk those
transparencies. Tgese marks then were photographed with e bingeular cockpit
visibility camera.- The angular loecation c¢f every merk on the windshield
thus was obtalned as shown in Fig. 3. These gemephoric code marks, or tick

2Eugene E. Pazera, "Development of a Head=Mounted Camera for

Recording Pilcts' Eye Movements,"” unpublished Techknical Developmert Report.

3Thomas M. Edwards, "Develcpment of an Instrument for Measuring
Adreraft Cockpit Visibility Limits,” Technical Development Report No. 153,
Janasry 1952.



marks, were placed every A {nckes norlzontaliv and vertically on the
windshield and 4 iuches aper+ on the side and iop ¥indows.

Some doubt had baen expressad aboul ihe effect of the welght of the
camera, 4.5 pounds, oo the pilob's pormal performance of visual tasks. How-
ever, after the first few minuies of Fiight, hhe pilcte became well accus-
tomed to the camers, and all of them stated that it hed no effect on their
search habits.

The piluts whe served as sabjects for thies study, as well as other
cperational suppori, were prividsd by the Army Aviation School, Fort Rucker,
Ala. The data secured from thrss pilots performing 19 ssparate maneuvers
are included in this report. Bach plled made three nr four flights, each of
which lasted sbout 1 rour, providing 14 to 10 mirutes of actusl data. All
maneuvers were performed under actual field conditions; for example, artil-
lery epotting was performed daring th: cronduct of an actual field training
problem; sapply draps were pearformsd ueing iralnicg bundles under each wing,
and so fortk. The subject pilct was required to perform eack maneuver wWithe-
out the aid »f an cheerver. An srgivseer noruel.y flew with the sublect pllot
in the dbserver’s seat 1o ~perass the cmmers and record a2 seguence of ma-
neuvers during each flighs. Tre ocly excepiion was artillery spotting,
when an Army officer fiew with the pilete ho sontrol artiliery fire.

FITM ANALYSTS

Four individuses were itrained to asasyse ke head camers £ilms.
The analysis ther werse Aivided 1ot twe teags. Bach team worked 1o e pro-
Jdection room 10 fess Lung and 13 feor wile. The roorws were painted a flat
grey and lighted with & single fivsresscers tube which had beer coivered with
strips of warious colorved celiophans b0 grovide a uniform, low level of
idghting of a aeubrel *-2ne. The [ling were profer’ed through a metion pic-
ture imsge rectifier, shown in Fre. %, ©o ratate the projected image 90° a0
that the picture would appear upcight oo the analystz. The movie screec
wa3s located on cne wall dircely cppasite the eotisn pictures image rectifier,
a8 shown in Fig. 5. Eath anelyst was provided with & shalr with writing
desk attached, go thar the wirdespic.a out ias of an L1-§% showing the tick
marks csuid be placed alesotiv in fromn of the analysh.

The tivles of ite manswvrers were ressrded on the ©11m by having
the pileot aim the head nameps a8t a2 card neid o ine side window. However,
in cases whers ths pilot failsd v 2ot puckh & pevord, 47, wasg poasible %o
determine the mapesuver by shaerviecg fhe sircraft aftitade or by other means,
puch as followlng the 5= jencs f manesssrs as razorded by the photographer.

It was the amalyan's Ponetion o detsrmine the direction in which
the pilot's eyes were {ix=d and to L-ate a simllisr point in the field of
view vhlsh represented the pitet's “ine of aight. T azcowplish this, the
direction of the eye fixation ecd field of view were correlated by having
the subject pilst helid ais nsad in & predetermined positlon and fixate his
eyes on a series of targetrs dlstrdiuted fnroughout the field of view prior
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to each test flight, as shown in Fig. 6. These reference photographs then
were used te drew a correlaticn grid on the projection screen, as shown in

Fig 7

The single rows of vertical and horizontal targets were used to
prepare a complete overlay grid. Vertical grid lines were prepared from
fixations on the horizontal row of targets, Fig. TA, and horizontal grid
lines from fixations on the vertical targets, Pig 7B, thereby providing
coverage of the entire field of view, Fig. 7C 'The distance between each
grid line was selected arbitrarily as 5 units to permit interpolation. These
units are relative and do not represent inches, degrees, or eny other unit of
measgure.,

Working independently, each analyst "reaed" the filme in the
following manner:

1. The analysts looked at the pilot's eyes, each separately, and
obtained & reading for each, for example, right eye 10 up and 7 left, and
for the left eye, 10 up and 9 left.

2. These two resdings were averaged and the resulting point was
recorded as the apparent line of sight. In this example, the average was 10
up and 8 left.

3. A vertical correction ther was applied for parallax. The lens of
the camere is located about 1 1/4 inches above the pilot's eyes. The corre-
lation of the direction of the pilot's eye fixation and field of view was
done with the pilet focusing at 50 feet t¢ eliminate the need fer correcting
the eye readings for normal eye convergence when looking at close objects.
Therefore, at 50 feet, there is no parallax error. For readings nearer the
pilot eye position, parallex error will increase progressively to a maximum
of 1 1/4 inches. At the windshield, the parallax error was asbout 1 Inch.
The correction was applied by lowering the apparent point by 1 inch on the
windshield This was done by estimating the distance with the known spacing
of the tick marks for reference

4. The point on the windshield tbrough which the pilot actually wes
looking then was found by relating the structure and tick marke on the screen
to similar references on the binoecular cockpit visibility photegraph

S. The analysts also recorded all frames in which the pillot was looking
at instrumerts simply as instrument panel fixaetions. Fremes in which the pi-
lot moved hie head and/or eyes rapidly, causing a blurred image, and frames
in which sun glare caused the loss of the image cn the film, were recorded
a8 unusable frames

It should be emphasized that throughout the entire analysis, the
two analysts in each team worked independently of each other. They did not
at any time discuss with each other their judgments of any photographic frame.
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PRESENTATION OF DATA

The mean values of estimated angular location of locks were
transferred to tabulation sheests which were representations of a sphere divi-
ded horizontelly and vertically into 5° increments. Superimposed on these
sheets was the cutline of the L-19 windshield as it appeared to the average
plilot. For each maneuver, and feor all pilots, the total number of frames that
showed the pilots looking through & particular square were noted in that
square on the tabulation sheets.

The total number of locks in a particular square then were divided
by the total number of usable frames for a particular maneuver and the re-
sulting percentages were transferred to an identical set of grid tabulaticn
sheets. Thus, the date for individual meneuvers are presented to the nearest
1l per cent Squares containing less than C.5 per cent of the usable looks
were marked with plus signs. Results from all maneuvers alsc were added and
tabulated. The data for the tabulation sheet containing all maneuvers are
glven to the nearest 0.1 per cent with plus signs referring to values of less
than Q.05 per cent of the total lcoks, since the total looks for all maneu-
vers are distributed more evenly. Therefore, smaller variations in
rercentage values increase in importance

Each of Figs. 8 to 27, inclusive, contains two curves. The solid
curve represents the distribution of windshield fixations in the vertical
direction, and the dashed vurve represents the distribution of fixations in
the horizontal direction The height of the vertical fixation curve for each
5° increment of vertical arc is the sum of the percentages of each 5° block
in that horizontal column. Similarly, the height of the horlzontal eye-
movement curve for each 5° of horizontal arc is the sum of the percentages
of each 5° block in that vertical cplumm. The grid lines were used for
plotting scales, each increment representing 2 per cent of the total usable
photographic frames.

The horizontal zero reference line shown in Figs. 8 to 28 is an
imeginary line on the aircraft directly shesad of the pilot amnd ceincident
with the horizon vwhen the aircraft is in level flight attitude. The vertical
zero reference is directly in front of the pilot and ccincident with the
aircraft centerline. The curves are intended to show the general character-
istics of the data. Both graphical and numerical data for each maneuver are
shown s0o that a better evalustion and understanding can be made of the
interrelationship among upward, downward, left, and right fixations.

In the discussicn of the data which accompanies each tebulation
sheet, there is mention of aircraft attitude, veloeity, rate of e¢limb, and
s0 forth, for each maneuver. These data were obtained from movies used in
the reduced visibility tolerance studies conducted at Fort Knox, Ky. These
data represent the average performance of 11 pilots performing each maneuver
twice.
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DISCUSSION

Taxi See Fig. 8.

Pilot eye movements were recorded while taxiing either from the
ramp to the active runway before takeoff or from the runway to the ramp
after landing The aircreft attitude was about 12° rpose up during taxi
Data for three pilots were recorded for a total of 698 photographic frames.

The solid curve shown in Fig 8 shows that the primary use of the
windshield is between 5° and 20° below the zero reference. This corresponds
to a reglon 7° above and 8° below the horizon

The broken curve shown in Fig. 8 shows that the pilots used the
area from 45° left to 45° right of the aircraft centerline predominantly.

Takeoff. See Fig. 9.

Recording of pilot's eye movements during takeoff began when the
throttie was opened for tekeoff and ended when the pilot completed his
straight climb-out. The alrcraft attitude durirng takeoff roll and climb-
out varied between 11° and 15° nose up ‘The ground run averaged 23 seconds
and the break-ground indicated air speed {IAS) was 61 miles per hour (mph}.
Climb-out IAS averaged 71 mph and the average rate of climb was 660 feet
per minute {fpm). The climb-out was straight until an altitude of about 450
Teet was reached. Three pilots are represented for a totel of 992
photographic fremes.

The solid curve shown in Fig 9 shows the major windshield usage
was 10° to 15° below the zero reference. In view of the climb-out attitude,
this indicates that the pilot's principal point of interest was either the
horizon or some obJect directly 1n line with the horizon.

The dashed curve showe a peak usage 1n the 10° left to 5° right
sector of the windshield, indicating that the pilots were interested pri-
marily in seeking visibility straight ahead The moderate scanning between
130° left and 140° right probably was due to the pilot searching for other
aircraft in the pattern during climb-out.

Cruise. BSee Pig. 10.

Pilot eye movements during crulse were recorded during stralght
and level flight while the sircraft was en route between maneuvering areas.
The average aircraft attitude was 3° nose up and the average speed was 90
mph. Three pilots are represented for a total of 856 photographic frames.

The solid curve shown in Fig. 10 shows major interest in the
windshield aree 10° above to 20° below the zero reference. When accounting
for the aircraft attitude, this indicates that the pilots were interested
in & etrip of windshield 7° above to 23° below the horizon.

The dashed curve shows a peak between 0° and 10° left of the
centerline of the aircraft. The relatively high percentages in the 0° to
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10° right sector resulted from onme of the pilots tending to cruise with his
vision on the right side of the eircraft centerline.

Landing -~ Downwind Leg See Fig. 11

Pilot eye movements during the downwird leg of & normal landing
were recorded from the beginning of the turn onto downwind to the middle of
the turn onto base leg. All landings followed a left-hand traffic pattern.
There are nc date aveilable on the aircrafi performance or attitude during
this phase of landing. Three pilots are represented for a total of 575
photographic frames.

The solid curve shown in Fig. 11 shows & peak between 5° and 20°
below, with & secondary pesk occurring from 0° to 10° above the zero refer-
ence Two pllots tended to divide thelr concentration of looks between
these two areas, whereae the third pllot tended to look below the zero ref-
erence during the entire maneuver. The concentration of locks below the
zero reference 1s due to the pilot scanning for other traffic in the pattern
that might be dangerous to his planned descent and landing and to his cbser=
vations of the landing area. The concentration of looks sbove the zero ref-
erence 1g due to the pilots scamning for other aircraft that might be
descending in such a way as to be on & collision course.

The dashed curve does not show a definite peak in any one ares.
The heavier concentration of fixations on the left is due to the left-hand
traffic pattern and the left turns. The lack of a definite peak probably is
due to the pilots' increased scanning of the airport and surrounding sky
due to congested traffic arcund the airport.

Landing - Base Leg. See Fig. 12.

Pilot eye movements during flight on the base leg were recorded
from the middle of the turn onto base leg to the end of the turn onto final
epproach. All traffic patterns were left~hand patterns. The aircraft atti=
tude varled between 0° and 5° nose down. The average rate of descent was
660 fpm. The turn onto final approach was initiated at an altitude of about
225 feet. The meximm angle of bank during the turn was 21°. Three pilots
are represented for a total of 349 photographic frames.

The solid curve shown in Fig. 12 shows a peak occurring between 0°
and 5° above the zero reference. When considered with aircraft attitude,
this indicates that the pilots tend to watch the horizon and/or some
objJect on the same plane during flight on the base leg.

The dashed curve shows a definite tendency to use the left side of
the aireraft windshield This is due partially to the turns onto base leg
and finel approach, and to the pilot's watching the active runway to obtain
visual cues necessary fer initiating his turn onto final approach.

Landing - Final Approach. See Fig 13.

Pilot eye movements during the final spproach were recorded from
the end of the turn onto final epproach to the end of the landing roll
During final approach, the aircraft attitude varied between 3° nose down and
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10° nose up. The finsl approach IAS varied between 48 and 72 mph. The
average rete of descent was S40 fpm and the average touchdown veloclity was
48 mph. Three pilots are represented for a total of 481 photographic frames.

The solid curve shown in Fig. 13 shows that the area of the
windshield used by the pllots was between 5° above and 15° below the zero
reference. When aircraft attitude is considered, it is apparent that the
pilote were interested in seeing slightly below the horizon, perhaps the
end of the runway.

The broken curve shows a heavy concentration of fixations between
5° and 15° left of the aircraft centerline. This i1s due to the pilots
obteining visual cues on the ground to lapd the aircraft safely.

Short-Field Takeoff. See Fig. 1h.

Pilot eye movemente during short=-fleld tekeoffs were recorded
from the moment the throttle wes copened until the pilots begen their turn
after climb-out. The aircraft attitude varied between 11° and 15° nose up.
The ground run averaged 22 seccnds, the bresk-ground IAS was 5% mph, and
the climb-out IAS averaged 63 mph. The climb-out was straight at a rate of
7680 fpm. Three pilots are represented with a total of 577 photographic
frames.

The solid curve in Fig. 14 indicates thet the pilots' interest
was between 5° and 15° below the zero reference. When this 1s comngidered
with the fact that the aireraft was in a 11° to 15° nose-up attitude, it is
apparent that the pilots were locking at or slightly below the horizon.
This probably is due to the pilots cbaerving the treetops to check for ade-
quate clearance. The fixations between 15° and 20° above the Zero reference
are the result of the pillots scanning the ares ahead of them for any low=-
flyipg sircraft thet might interfere with their climb=-out.

The broken curve indicates a strong tendency of the pilots to look
between 5° right and 5° left of the aircraft centerline. Note the looks of
the pllots up and te the rear to check for alrcraft that might be flying
into the field. The looke to the side and rear, as shown by the broken
curve, are due to the pillots scanning for other asircraft as they climbed
above the treetops.

Short=Field Lending. See Fig. 15.

Pilot eye movements during sbort-field landings were recorded
from the beginning of the final spproach to the end of the landing roll.
The aireraft attitude varied from 3° nose down to 12° nose up. The average
1AS was 53 mph end the average rate of descent was 480 fpm. Three pilots
are represented for a total of 1,117 photographic frames.

The so0lid curve in Fig. 15 shows that the primary use of the
windshield was between 5° and 15° below the zero reference. This corre-
sponde to 12° above end 8° below the horizon, assuming that the average
nose-up attitude of the aircraft was 7°.
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The breoken curve indicates that the pllots used the area of the
windshield from 20° left to 45° right of the airecraft centerline. The peak
in the curve thet occurs between 5° and 10° left of the eireraft centerline
is the area actually used in landing the aircraft. Note the similarity be-
tween this peak and the peak in the broken curve in Fig. 13. The main dif-
ference in these curves is that in the fipal spproach to an alrstrip with a
control tower, the pilots concentrated more on the landing strip than they
did vhen they came into an uncontrolied field vhere they had to check their
own clearance of the area in order to avold other aircraft.

High Reconnaissance of Field Landing Strip. See Fig. 16.

Pilot eye movements during high reconneissance were recorded from
the time the pillots positicned the alrcraft in line with the landing field
to the point where they turned away from the field. The purpose of such a
reconnal ssance is for the pilot to observe certain conditions, including ob=-
structions such as power lines, wire fences, and g0 forth, which might pre=-
vent an aircraft from landing. The aireraft attitude was 3° nose up, the
average epeed was 84 mph, and the msneuver was performed at an average alti-
tude of 85 feet. Three pilcts are represented for a total of 777 photographic
frames.

The solid curve shown in Fig 16 indicates that the pilots’
primary zone of interest was between 10° above and 10° below the zero refer-
ence. All points above 3° below the zero reference are above the horizon,
and were the areas actually used to fly the aireraft and/or check for other
traffic. Those points below 3° below the zero reference are below the hori-
zon, and were the areas actually used in reconnaissance of the landing fleld
and/or keeping the aircraft clear of treetops.

The dashed curve shows the primary zone of interest to be between
20° and 90° left of the asircraft centerline. All high reconnaissance maneus-
vers were performed to the right of the field; therefore, in order that the
Pilote can observe the landing area, they must use the left portion of their
windshield and thelr left side window.

Low Reconnaissance of Field Landing Strip. See Fig. 17.

Pilot eye movements during low reconnalssance were recorded from
the point where the pilots aligned their aircraft with the landing fleld to
the point where the pilots begen to turn away from the field after climb-
out. The purpose of such a reconnaissance is for the pilot teo cbserve the
landing strip at very low altitude for hazards such as logs, rocks, ex-
tremely rough surface, and to observe any peculiar conditions which might
affect the landing charascteristics of an alreraft, such as abnormal wind
durrents and thermals. The average attitude during this meneuver was 2°
nose up and the maneuver was performed at an average speed of 68 mph at an
altitude of 2 to 5 feet. Three pilots are represented for a totel of 738
photographic frames.

The eolid curve shown in Fig. 17 indicates that the pillots were
interested primarily in visibility between 5° above and 10° below the zero
reference This corresponds to a region 3° above to 12° below the horizon.
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The points above the horizon are those areas of the windshield used in
checking for clearance above treetops and to check on air traffie during
climb-out. The ares below the horizon is the area used to observe the
landing field and to check clearasnce sbove the ground

The dashed curve shows & peak zone of windshield use between 10°
and 40° left of the aircraft centerline. All low reconnaissance manenvers
were performed with the aircraft flying to the right of the landing field.

Message Pickup. See Fig. 18.

Pilot eye movements during message plckups were recorded from the
beginning of the straight descent for the low pass to the end of the climb-
out after the pickup was made. The attitude of the aircraft veried from 6°
nose down during the approach through 1° nose up during the pickup to 15°
nose up during the climb-out. The average rate of descent during the ap-
proach was 720 fpm and the average rate of ascent during climb-out was 780
fpm. The speed of the aircreft varied from 73 mph during the appreoach and
elimb-out to 66 mph during the low pase for the pickup. Three pilote are
represented for a totel of 922 photographic frames.

1

The solid curve shown in Fig. 18 indicates a primary use of
windshield between 10° above and 10° below the zero reference, with a pesk !
occurring at 0° o 5° below the zero reference. l

The dashed curve shown in Fig. 18 shows a definite peak between
5° and 10° left of the aircraft centerline. This peak probebly is due to
the pilots Judging their alignment on the message plckup apparatus through
this sector of the windshield

Mescage Drop. BSee Fig. 19.

Pilot eye movements during messege drops were recorded from the
time the pilots began their streight descent to the drop area and contin-
ued until the pilots began their climb-out after the message drop. No in-
formation 1s available on the aircraft attitude during the maneuver. Three
pilots are recorded for a total of 75% photogrephic frames.

The sclid curve shown in Fig. 19 indicates a primary use of the
windshield in a zone from 5° above to 10° below the zero reference. This
Probebly is due to the pilots watching the horizon end/or treetops during
this maneuver. The broken curve indicates pilots' use of the windshield
from 15° right to 80° left.

Wire Laying. See Fig. 20.

Pilot eye movemenis during the wire-laying mission were recorded
from the time the wire wes peid out until the wire separated from its con-
tainer during this maneuver. Due to a shortage of wire-laying "domuts,"
only one pllot flew this mission. There is no information available on the
aireraft attitude during this maneuver. One wire bundle consisting of five
wire "donuts" was used on the right wing bundle rack OCne plle is
represented for a total of 176 photographic frames.
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The 80lid curve shown in Fig. 20 indicates & definlte need for
visibility below the zero reference. This is the mrea of the windshield used
to foliow the wire-laying course and to keep the aircraft from colliding with
treetops.

The broken curve shown in Fig. 20 shows three definlite peaks, all
occurring between 30° left and 20° right of the alrcraft centerline. The
peaks on either end of the curve are due to the right and left turns per-
formed by the pilot as he followed the wire-laying course. The center peak
1s the result of the straight flight between turns in the wire-laying course.
The points between 55° and 80° right are caused by the pilot glamcing at the
wire bundle under his right wing.

Road Reconnalssence. See Fig. 21.

Pllot eye movemente during road reconnaissance were recorded from
the time the pilots started their reconnaissance maneuver and continued for
2 period of ebout 45 seconds to 1 minute. The aircraft attitude was 2° nose
up and the meneuver was performed at an average speed of 85 mph. The aver-
ege altitude for performing this mission was about 375 feet. Three pilots
are recorded for a total of 583 photographic frames.

The s01id curve shown in Fig. 21 indicates that the aree of
primary importance was between 0° and 25° below the zero reference, &
definite peak occurring between 10° and 15° below the zerc reference.

The broken curve indicetes two primary zones of use, one occurring
from 15° to 40° left, the other occurring between 15° and 30° right. These
two peaks show the areas of the windshield used. The pilot'e chelee of
window ares was dependent on which side of the road he was flying.

Bridge Reconmaissance. See Fig. 22.

Pilot eye movements during the bpridge reconnmissance missions were
recorded after the pilots begen thelr reconneissance and continued for a
little over a minute The aircraft attitude averaged 2° nose up. The sir-
craft was flown at an average speed of 78 mph and at an average altitude of
270 feet. Three pllots are represented for a total of 824 photographic
freames.

The solid curve shown in Fig 22 indicates the primary windshield
use wag between 5° above and 10° below the zero reference. The broken
curve shows that the pllots positioned their alrcraft in such e wey that
they could cbserve the bridge 25° to 90° left of the aircraft centerline.

Supply Irop. BSee Fig. 23

Pilot eye movements during supply drops were recorded from the
moment the pilots began thelir low paes for the drop and continued until
after the drop was completed and the pilots began their climb-out. No spe-
cific information 1s available on the aircraft performance during = supply
drop Three pilots mre represented for a total of 946 photographic frames.
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The s0lid curve shown in Fig. 23 indicates a definite tendency of
the pilots to concentrate windshield use in & region between 5° above and
10° below the zero reference

The broken curve indicates that there is no definite windshield
zone used by pilots during this maneuver. The primary windshield usage is
overwhelmingly to the left of the aircraft centerline. The reason for this
is unknown, as the aircraft wans symmetrically loaded with one supply bundle
attached to each wing, and the maneuver was performed in an airspace having
no apparent hazard to safe flight on elther side. It is reasonsble to as-
sume, therefore, that the pilets performing this maneuver favored the left
side of the wilindshield for some reason other then for satisfactory
rerformance of this maneuver.

Formation Flying. See Fig. 24.

Pilot eye movements during formation flying were recorded from
the time the pilots began to fly into formation and continued for about
3 minutes. No specific date are aveilable on aircraft performance during
this meneuver. Three pilots are represented for a total of 1,951
photographic frames.

The solid curve shown in Fig. 24 shows the primary zone of
windshield use to be between 5° and 20° below the zero reference.

The broken curve indicates a very definite use of the windshield
between 15° and 30° to the left of the aircraft centerline. It should be
noted thaet in ell ceses the lead plane was to the left of the subject pllots’
alrcraft. Vieibility during formation flying is not s critiecal problem be-
cause the pllots will tend to position their aircraft in such a manner as
to view the other aircraft through available windshield ares.

Artillery Spotting. See Fig. 25.

Pilot eye movements during artillery spotting were recorded from
the spproach to the target to the destruction of that target. During thie
maneuver, a qualified observer controlled the fire from the rear seat and
he directed the pillots as necessary. During artillery spotting, the alr-
craft was flown with 8 nose-up atiitude of 4°, at en average speed of 70
mph, and at an average eltitude of 2,000 feet. Three pilots are
represented for a total of 3,821 photographic fremes.

The soldd curve shown in Fig. 25 lndlcates primary use of the
windshield area between 5° above and 15° below the zero reference, with
moderate intereet shown as high as 10° above end 20° below the zero refer-
ence. This would indicate that the pilots want to see between 6° above
and 24° below the horizon.

The broken curve does not show any definite peak, indicating that
the pilots use the availlable visibility between 95° left and 100° right of
the elrcraft centerline.
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Turns. See Fig. 26.

Pilot eye movements were recorded during 12 left-hand turns for
each pilot, six 90° turns and six 180° turns. They were c¢limbing, level,
and gliding turns. These turns were recorded as either normal or maximum
performance. Normal turns were performed as the pilots normally would per-
form a turn while cruising Meximm-performance turns were performed as the
pllots might perform the turns ir & combat situation where the maximum per-
formance of the aircraft would be required. The angle of bank varied be-
tween 22° and 87°, and the nose-up attitude varied from 25° nose up to 52°
nose down. The IAS ranged from 61 to 105 mph See Table I for & complete
breakdown of alrcreft attitude for each of the 12 turns. Three pillots are
represented with & total of 3,752 photographic frames.

TABLE I

AIRCRAFT PERFORMANCE DURING 12 DIFFERENT TURNS
( AVERAGE PERFORMANCE OF 11 ARMY PILOTS)

Maximum Speed Average Rate
Angle Nose=Up Speed Out of of Climb
Maneuver of Bank Attitude into Turn Turn or Descent
(deg.)  (des.) (mph) - (mph) (ft./mim.)
90° Climbing Turn Normal 27 12 91 78 540
Level Turn Kormel 33 2 90 86 ° 000
Gliding Turn Normal 22 5 86 93 =600
180° Climbing Turn Normal 30 14 90 a1 600
Level Turn Normal 33 2 87 87 000
Gliding Turn Normal 24 =5 61 o1 =600
90° Climbing Turn Maxipmumn 55 26 86 78 8ko
Level Turn Maximm 69 1 92 95 000
Gliding Turn Msximum T1 =37 S0 105 =1020
180° Climbing Turn Meximum 60 25 87 77 600
Level Turn Maximum 66 o 89 ok a0
Gliding Turn Meximm 87 -52 86 104 =1620

The solid curve showvn in Fig. 26 shows the vertical distribution of |
horizoptal scanning for ell turnse. The pilots' primary windshield use was in.
the region 10° mbove and 15° below the zero reference.

The dashed curve shows that the pilots primarily were using the
left side of the windehield, actuslly from 10° right to 35° left of the
aircraft centerline. This is to be expected when performing left~hand twrms.

All Maneuvers. ©See Fig. 27.
The percentage of looks in each 5° square for all pilots performing
all maneuvers 1s shown in Fig. 27 for a total of 20,806 photographic fremes.
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The peak of the s0lid curve indicates that the pilots tend to
concentrate their use of the windscreen between 20° sbove and 25° below the
zero reference. The reglon above 20° is used primarily to search for other
traffic. No doubt considereble aeir search is performed in the lower regloms
of the aircraft windshield, but these fixations sre intermingled with those
for the actual performance of the maneuvers and are indistinguishable.

The dashed curve shows & primary use of the windshield in the
region from 10° right to 50° left of the airereft centerline with an addi-
tional peak bBetween 60° and 90°. The cockpit of the I~19 sircraft is sym-
metrical. The mejor concentration of fixations are loeated to the left of
the centerline because sll meneuvers requiring the pilots to favor one side
of the esircraft, such as high and low reconnalssance, turns, and the like,
vere performed in a manner which required the pilote to use the left side
80 that the resulting data would be consietent.

GENERAL DISCUSSION

The distribution of looks or photographic frames for all pilots
during ell maneuvers is shown in Fig. 28. The dashed outline superimposed
on this flgure represents the minimum cockpit visibility requirements de-
termined in the previous etudy. Actual frame counts were used in this cese
in lieu of percentages since it 185 desired to discuss the detaile of the
distribution of looks. It is believed that if only one pilot makes Just
one gilance to search for visual guldance while flylng en ajrplane, the
importence of that glance must be considered.

It can be seen thet some cbservations fall outside the average
L-19 windghield cutline. Some of the reasons for this are:

l. The vaxriation in aspect to the windshield and windows due to
varied seated heights and/or fore and aft seat sdjustments. The windshield
outlines used during dats analysis corresponded to the true angular presen-
tation of the windshield as seen by the plilot whose looks were being
analyzed.

2. The pilots' use of peripheral vision to lock into certain areas
while unconscicusly fixating on structure. This is particularly true in
looking through the top windows. The pilots eppeared to be looking at the
radic panels in the wing roots while actually gleaning information from the
windows both above and below the wing roots.

3 At some moments, a pllot's eyes must pass over some areas which
are not windshield

4, There are some normal resding inaccurscies.

J'l'Eugene E. Pagzera, op. cit.
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The minimun cockpit visibility requirements determined from the
questionnaire study were based on an assumption that the aircraft configu-
ration for lieison-reconnaissance work would be simllar to the Cessna 1-19;
that 1s, single-engine, high=-wing, and conventional landing gear, with the
pilot and observer seated in tandem. With this configuration, the prelimi-
nary requirements appear to be entirely adequate, if not over-generous in
some areas. The need for visibility downward beyond 90° to the side 1s ex-
tremely limited At the same time, the wing root imposes a limitation to
badly needed visibility upward at 90° to the side. Increasing the minimum
requirement for upward visibility at 90° to the side beyond 8° for a high-
wing aircraft similar to the Cesesna L-19 would gein very little since the
wing 1tself imposes the primary restriction to upward visibility. The need
expressed for visibility above the wing in the questiomnaire study is sub-
stantiated further in this study Such visibility should extend horizontally
from 60° to 120° and vertically from 30° to 60°. The vertical anguler ob-
struction to vision caused by the wing root should be kept to & minimum to
allow easy passage from side window to top window. If & greater degree of
freedom in the selection of future aircraft configurations is permissible,
there is sufficient evidence from this study to suggest that the design of
an aircreft incorporate the seating of the pllot slightly forward of the
leading edge of the wing to eliminate its interference with the pillot's
vision. Also, by locating the average pilot eye height Just below the level
of the wing chord, the obstruction to rearward vigibility will be minimized.

Extensive use also is made of all avallable wisibility down over
the rose of the eircraft. It would appear that asdditional downward visibility
would be used if available. However, the highest concentration of locks oc-
cur at 5° to 10° to the left of the centerline of the aircraft and 5° to 10°
below the horizon. Below 10°, e progressive decreasse in looks to the sides
is noticesble where visibility down to 40° below the horigzon is available.

Tt is believed, therefore, that downward wisibility over the nose to 17° be-
low the horizon will provide minimmm adequate visibility for all maneuvers
where the pregence of an engine in front of the cockpit will tend to impose
design limitations, and that 30° below the horizon will provide excellent
visibility where the design configuration of the aircraft will permit sueh an
incresase.

A wvipdscreen outline releting the preliminary minimum windecreen
requirements developed in the questionnsire and reduced visiom tolerance
study to the desired changes determined from the pilot eye-movement study is
shovn in Fig. 29.

CONCLUSIONS
It is concluded that:
1. The three pilots teking part in the pilot eye-movement study during

the performance of the prescribed maneuvers focused their attentlion on an
area equivalent to 54 per cent of the total availeble area of visibility from
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the L-19 airplane. The average total available visibility from the L-19
airplane is 5.36 steradians, or 43 per cent of the theoretical available
visibility from the center of a sphere.

2. The areas on the windshield that show high percentages of usage
generally are the areas through which the pilots obtaln visual cues neces~
sary to operate thelr eircreft and not the ereas of the windshield which
are used to sesxrch the airspace for other aircraft.

3. Use of the area of available visibility beyond & 90° azimuth
angle on either side of the pilot represents less than 5.5 per cent of the
total usage of avepilsble visibility.

4. The windshield area used by the pilots dfiring the pilot eye-
movement study substantiates, to a considerable extent, the conclusions
drawvn from the pillot questionnzire study.

5. Vislbility is needed in the area of the obstruction to vision
caused by the wing.
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FIG 1 HEAD-MOUNTED CAMERA WORN BY AN ARMY PILOT



FIG 2 TYPICAL PHOTOGRAFPHIC FRAMES TAKEN WITH THE HEAD-MOUNTED CAMERA
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18  WINDSHIELD USAGE DURING MESSAGE PICK-UP
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FIG 27 WINDSHIELD USAGE DURING ALL MANEUVERS 1IN ARMY L-19 LIAISON-RECONNAISSANCE TYPE AIRCRAFT
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FIG 29 EXAMPLE OF VISIBILITY ANGLES

AS DETERMINED FROM THE PILOT EYE-MOVEMENT STUDY
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