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SUMMARY

Aviators were required to fly a UH-1 helicopter at night with and
without night vision goggles (AN/PVS-5)., Three types of goggles
were used: 40° field-of-view RIV), 60° FOV, and 40° FOV with a
30% bifocal cut. During flight, data was acquired on over twenty .
aircraft status and control input variables., These data, for purposes
of performance comparison, were subjected to both univariate and
multivariate analyses. The six subjects (instructor pilots) also ¥
responded to a questionnaire regarding preference, training and estimated
capabilities of each type intensification system. The major {inding
of both the subjective and objectives measures arc provided.
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JNTRODUCTION §

Throughout the ages, man's capability to carry cut continuocus
military operations has been in part limited by his ability to function
effectively at night. Current U. S. Army doctrine emphasizes the
need to expand aviation operations to a 24-hour capability. Two

- approaches are being pursued in an attempt to effectively extend
aviation operations into the night. One approach concerns tne develop-
rment of techniques to train aviators to fly with the unaided eye

while the other approach concerns the utilization of devices which
enhance night vision. One such device, the AN/PVS-5 night vision
goggles (NVG), amplifies existing ambient light thus intensifying

the images presented to the eye.
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The AN/PVS-5 geggles were originally developed for ground use
but are now considered to be an interim solution to aid the pilot's
night vision. With one exception,!” previous research projects
utilizing the NVG's in the airborne setting have not directly addressed
evaluation of helicopter flight performance with and without the
aid of the NVG's.!+12+13.1% "These projects have examined helicopter
flight performance with the aid of the NVG's only as an adjunct
to other tactical field tests. Therefore, statements concerning
the effectiveness of the NVG's in relation to flight performance
have been limited, typically, to subjective imrressions which often
reflect a bias from other experimental treatments involved in the
field tests. The findings of these projects have provided, in several
cases, contradictory cemments about the capabilitirs produced by
the NVG's. Much of the conflict concerning the utility of the NVG's
stems from the fact that the effectiveness of the goggles varies greatly
according to the: (1) existing ambient light levels, (2) flight
maneuvers performed, (3) altitudes (AGL) at which flights are made,
(4) aircraft flown, (5) amount of training the pilots have received
with the NVG's, and (6) whether or not bright external lights are pre-
F sent, such as flares, which cause temporary problems with the NVG's and
degrade the dark adaptation of the unaided eye.
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Combat Development Command (CDEC) project 43.7, Phase 1, found that
"the NVG, tested in all tactical modes, appeared to assist the crew in
flying with greater safety at low altitudes at a slightly greater air-
speed."!?2 The objective of the project was nct to directly examine
helicopter flight performance, but to "establish the state-of-the-art of
helicopter anti-tank operations under clear night conditions, to develop
aviator training requirements for this type experiment, and to identify
problem areas for night operations."'? The report also pointed out
that 'NOE [nap-of-the-carth] flight under a no moonlight condition ¢
may be defined as 125 feet above tree level. Night NOE at higher

1
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light levels can be flown at near daylight standards (fifty feet
above tree or obstacle level)."!? llowever, these altitudes would

i have to be reduceu in flat terrain areas to prevent optical and elec-
tronic detection. Although a mumber of problems were noted in connec-
tion with the use of the NVG's, 'their use was most desired during
the lowest light level periods.'!? A very definite advantage of

the NVG's noted in the CDEC report was their automatic light level
regulation capability. Thus, flares and illuminaticn rcunds only
momentarily disrupt vision with the NVG's while sometimes causing a
significant degradation of dark adaptation in the unaided eye.
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Modern Army Selected Systems Test Evaluation and Review (MASSTER)
Test Number 10-40 also evaluated the NVG's in an airborne setting.!’!* :
This test examined the AN/PVS-5 night vision goggles along with other
flight related items of equipment in tactical situations. Again
aviator flight performance ivias not directly examined, but inferences
were made about the performance enhancement the NVG's provided.
"When flares and other bright light sources such as rocket motor-
burn, vehicle headlights, etc., were encountered, the AN/PVS-5 goggles
. were superior to unaided eyes. . .When using the goggles, the crew
¥ experienced no loss of night vision and was able to see clearly as
H soon as the light source was out of the field-of-view. This allowed
3 the pilots who were using the goggles to fly much lower, faster,
2 and safer than the crews who were not using them."!

) R Ak
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The Military Airlift Command operationally examined the AN/PVS-5
40° field-of-view NVG's and the older SU-50C 60° field-of-view NVG's

K in order to evaluate their relative potential for Local Base Rescue i
E: (LBR) use.!® The results of the operational test and evaluation 3
5 indicated "'that the AN/PVS-5 NVG's were superior to the 60° field-of- ‘
5 view goggles and demonstrated excellent potential for the LBR mission.'!3
k: Land Warfare Laboratory (LWL) Report Number 74-36 did address

the feasibility of using the NVG's for flying helicopters at low levels

at night.'?” THe AN/PVS-5 night vision goggles were compared to two
other approaches intended to enhance the pilot's visual capabilities
at night: (1) the use of searchlights and the unaided eye, and

(2) infrared searchlights with the AN/PVS-5 goggles. Subjective judg-
ments of the test pilots, recorded camments during the flight and a
written debriefing were used to evaluate the three approaches. 'The
program determined that the goggles alone were the best approach for
tactical employment.'!7?
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Several laboratory assessments of the NVG's have been made in relation
to some of the problems identified concerning their use.?
Investigators at the U. S. Army Aeromedical Research Laboratory found
that:

3
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(1) The afterimages "'Brown-Eye Syndrome' sometimes seen following
use cf AN/PVS-5 NVG's ''are a normal physiological phenomenon znd need
not be of concern."?

(2) “Although dark adaptation is not fully degraded by the
BN/FVS-5 NV3, there is same reduction and should it be necessary to
remone che goggle, it will require about two minutes to reach the fully
dark-adaptad state.'®

{3} Alse poted was that the effect of a light source upon dark
agsptatior is 2 function of both th= inténsity and wavelength of the
sedyse.  The siwgestion was made that future NVG systems employ yellow-
orange prosphwys instead of the green phosphors used, in order to
maximally protect dark adaptation.®

(4) "The use of a black background map is a suitable solution to
the problem of losing information when the NVG is used."* The black
background map produced '"equally good results when viewed under red
illumination with the unaided eye.'™

(5) Changes should be considered for improvement of the crash-
worthiness and comfort of the NVG's, such as moving ''the vertical
support straps forward to the c.g.(center of gravity) of the goggles,"
"decreasing the weight of the goggles as much as possible" (perhaps
with a plastic lens and magnesium housing), and '"strengthening the at-
tachment of the lens to the face mask to improve the pressure distri-
bution for crash loads."® Aadditionally, a suggestion was made "to ~
study, design, and develop an integrated helmet-goggle system."® :

In order to objectively evaluate the NVG's in the airborne environ-
ment, the U. S. Amy Aeromedical Research Laboratory was asked to measure
aviator performance using several vaiiations of these devices in
helicopter flight close to the earth at night. Current aviation
tactics emphasize helicopter flight at very low altitudes (terrain
flying) to avoid the threat of sophisticated air defense weapons.
‘Terrain flying is composed of Nap-of-the-Earth {(NOE), Contour, and
Low Level flight profiles. These flight levels have been defined as:

NOE - Flight as close to the earth's surface as vegetation or obstacles

will permit, while generally following the contours of the earth.

Airspeed and altitude are varied as influenced by the terrain, weather

and enemy situation. The pilot preplans a broad corridor of operation

based on known terrain features which has a longitudinal axis pointing

toward his objective. In flight, the pilot uses a weaving and devious

route within his preplanned corridor while remaining oriented along

his general axis of movement in order to take maximum advantage of

the cover and concealment afforded by terrain, vegetation and manmade

features. By gaining maximum cover and concecalment from eremy detection, R
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observation and fire power, nap-of-the-earth flight exploits surprise ‘
and allows for evasive actions. CONTOUR - Flight of low altitude

conformirg generally, and in close proximity to the contours of the

earth. This type of flight takes advantage of available cover and

concealment in order to avoid observation or detection of the aircraft

and/or its points of departure and landing. It is characterized

by a constant airspeed and a varying altitude as vegetation and obstacles

dictate., LOW LEVEL - Flight conducted at a selected altitude at

which detection or observation of the aircraft is avoided or minimized. -
The route is preselected and conforms generally to a straight line
and a constant airspeed and indicated altitude. This method is best
adapted to flights conducted over distances or periods of time.

The purpose of the present investigation was to evaluate the
flight performance of aviators during NOE flight (without navigation),
low level flight and four standard maneuvers while using three con-
figurations of the NVG's and the dark-adapted unaided cye.

METHOD

Subjects: Subjects for this investigation were six rotary wing
Ammy aviators assigned tc the Advanced Tactics Division, Department
of Flight Training, U. S. Ammy Aviation School at Ft. Rucker. These
pilots had extensive experience in rotary wing flight, having flown
an average of 1960 hours in rotary wing aircraft. All were experienced
in nap-of-the-earth flight and had completed the Army training on
this type of flight profile. None of these aviators possessed previous i
experience with the night vision goggles.

Apparatus: The 40° and 60° field-of-view (FOV) and 40° FOV bifocals
(40°b) night vision goggles were made available by the Night Vision
Labcratory. The NVG's are self-contained, battery powered, second
generation, passive, binocular devices. The upper 70% of the lense
on the 40°b goggles was focused at infinity while the lower 30% was
focused at approximately 26 inches. The 40° and 60° FOV goggles
were also focused at infinity. The NVG's weigh approximately 1.9
pounds and were mounted on the SPH-4 helmet with snaps and Velcro
attachmencs. The test vehicle was a JUH-1H helicopter instrumented
to measure and re:ord pilot control inputs and aircraft position,
rates and accelerat. ns. This Helicopter Inflight Monitoring System
(HIMS) measures aircraft position in six degrees of freedom while
simultaneously recording cyclic, collective and pedal inputs and
aircraft status values. These data were recorded in real time on
an incremental digital recorder. Continuous information from twenty
pilot and aircraft monitoring points was recorded for all flights.

A list of these parameters is provided in Table 1. This table also

4




£

(oot ZR L LS R S i SIS D B R T B AR AN S A SRV R A7 SR AR K St el e S R
e - g ot g Ry = d ” w Et ~ -

- Ry . S N

it

S e e

lists the derived measures which can be obtained from the recorded

parameters .
Table 1
Parzmeters Measured and Derived

Parameters Measured Derived Mcasures

pitch Pitch Rate

Roll Roll Rate

Heading Rate of tum

R Position x Constant Errvor, Average Absolute

Error, RS Lrror

Position y Ground Speed, Cmstant Error Av-
erage Absolute Lrror, R\S Error

Acceleration x

< Accelerataon 5

Acceleration =

Roll Rate Roll Acceleration

Pitch Rate Pitch Acceleration

Yaw Rate ‘Taw Acceleration

Radar Altitude Rate of Climb, Average Absolute
Error, Constant krror, RMS Error

Barometric Altitude Rate of Climb

Airspeed

Flight Time

Rotor RPM

Throttle

Cyclic Stick (Fore-Aft) Control Position, Absolute Control

Cvclic Stick (Lef:-Raght) Movenent Magnitude, Positive Con-

Collective trol Movement Magnitude, Negative

Pedals Control Movement Magnitude, Absolute

Average Control Movement Ratc,

Average Positive Contrul Movement

Rate, Average Negative Control

Moveneat Rate, Control Reversals,

Instantaneous Control Reversals,

Control Steady State, Control .
Movement

EDNTTY Y

Pilot inputs to controls were treated in the following manner. In
considering these measures, it is necessary to define three key terms.
First, in obtaining measures on these controls, it was decided that a
, steady state occurred when a control had not exceeded an empirically
§ ined distance in a specified time. Second, a control reversal
occurred any time a control changed direction. Finally, a control
movement was defined as any movement starting from a steady state or
control reversal and ending with a steady state or control reversal.
Using these established criteria, means were computed from all sampled
values for magnitude, duration and rate of control movements and mean
time for steady states. The totals for number of steady states and
control movements were also recorded. Table 2 presents the times and
distances which were utilized as criteria delineating movements in these
controls.

D AT XY

. The distance ranges were established by determining the minimum
perceived control movement for the directions of concern which were
thought to yield airframe movement independent of time. The times were
established by taking cne-half the minimum time it took to move the
various controls through the distance ranges previously established.
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Baseline Times and Morenent Limits for Controls

CYCFA CriLR COLL THROTTLE PEDAL

Time durations
in seconds .25 .15 .45 .50 .50

Movement limits
in inches .37 32 .38 .50 .35

A more detailed description ¢f HIMS can be found in USAARL Re-
port No. 72-11.7 A questionnaire was aiso constructed to determine the
aviators' opinions about the night vision goggles as related to five
general categories: (1) comparison of the two NVG's fields-of-view,
(2) flight maneuvers, (3) psychophysiological effects, (4) equipment
considerations, and (5) academic/flight training.

PROCEDURE

Familiarization and Training Phase. Since these aviators had
no previous experience with the NVG's, all were trained in their
use according to the following schedule. Three subjects were provided
with NVG simulators and given thirty minutes flight training. During
this training they were instructed in how to attach the device to
their helmet, shown the various features of the device and allowed
to fly different naneuvers while wearing the simulators. An attempt
was made to program this period of training so that all subjects
would be exposed to similar flight maneuvers as well as allowing
them to gain familiarity with the goggles particular to their own
needs. In order to accomplish this objective, a standard set of
practice maneuvers was performed at least twice by all aviators during
'11:‘2; al%otted training period. This set of maneuvers is listed in
le 3.

PRV S

Table 3

Standard Flight Maneuvers

Pick up to 3-foot hover

Perform a 360° left pedal turn

At 3 feet AGL, hover forward (approximately 60 feet) to a pre-

determined point and set the aircraft down

Pick the aircraft up to a 25-foot AGL hover and maintain this ‘
hover for 60 seconds

Descend to touchdown

Pick up to a 5-foot hover

Hover rearward to the starting point

Set the aircraft down
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Three subjects received no simulator training, but were brought
into the laboratory, given an introduction to the NVG's and allowed
to familiarize themselves with the goggles in a darkened room for
thirty minutes. These individuals were taught how to attach the
goggles to their helmets and to adjust and focus them. They were
then allowed to walk around and view different obiects in the room.

All subjects received night flight training with the goggles.
Order effect was controlled across subiects according to the schedule
presented in Table 4. All pilots received 65 :zinutes of night training
and testing. The same programmed set of maneuvers referenced in
Table 3 was accomplished with the unaided eye and each type of NVG for
all subjects during the night training period.

Table 4 .

Standard Maneuver
Training and Testing Schedule

S  Eye-X 40°-X  40°-* 40~-X  60°-X  60°-* 63°-X  40°b-X  40°b-* 40°b-X
S Eye-X 40°b-X 40°b-* 40°h-X 40°-X  40°-% 40°-X  60°-X 60°-# 60°-X
5. Eye-X 60°-X  60°-% 60°-X  40°b-X 40°b-* 40°b-X 40°-X 40° -+ 40°-X
S, Eye-X 40°-X 40°-* 40°-X  60°-X  6Co-* 60°-X  40°b-X  40°b-* 40°b-X .
S; Eye-X 40°b-X  40°b-* 40°b-X 40°-X  40°-% 40°-X  60°-X 60°-# 50%-X
Se¢ Eye-X 60°-X  60°-% 60°-X  40°b-X 40°b-* 40°b-X 40°-X 40°-* 40°-X

X - Denotes Standard Mancuvers Test (5 minutes)
* . Denotes Practice (10 minutes)

Due to inclement weather and low ambient light levels, the LL-
NOE phase of the study had to be postponed for several weeks. Because
a considerable period of timz elapsed between the time of initjal
training and the LL-NOE part of the project, the pilots were given
refresher training. Each aviator received a twenty minute flight
with the goggles during which he was allowed to perform maneuvers
which he felt would increase his proficiency.
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Low Level - NOE Phase. The LL-NOE phase of this study consisted
of both day and night flights. A day orientation flight was first flown
: by the Safety IP, followed by a familiarization flight by the subject
, aviator at approximately 200-feet AGL, and then a final LL-NOE flight
over the same course at an altitude and airspeed selected by the ‘
subject aviators. The aviators were tcld to choose an altitude and 1

airspeed, for the final day and all night LL-NOE flights, commensurate
with safety, but also maintaining maximum masking during the flights.

The MOE and low level courses are presented in Figure 1. During ) !
; testing, each pilot mounted and focused the goggles and flew the ‘
| low level course and then entered the riverbed and recurned on the v

NOE section of the mission. The low level course terrain was primarily i
densely wooded areas (trees approximately 60-feet tall) with occasional |
open fields. The NOE course was a segment of the Choctawhatchee
River which was typically wide enough for the helicopter rotor blades
to be below the tops of the trees that lined the river. The trees
along the NOC course ranged in height from 75 to 95 feet above the ;
Tiver. ;
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All subjects were required to fly the course five times at night
according to the schedule referenced in Teble 5. One flight was made
with the unaided eye for familiarization with the course under night

conditions followed by four flights, one each with each type of MG

4 and one dark-adapted unaided eye.,

, Table 5 |

3 f Night

b | LL-NOE Flight Schedule i

g ‘ Subject; Eye a0° 60° 40°b Eye

Subject, Eye 40°  40° 60° Eye

3 Subject Eye 60° 40°c  40° Eye

‘;" Subject, Eye 40° 60° 40°b Eye

8 Subjectc Eye 40°b  40° 60° Eye

4 Subject, Lye 60° 40°b 40° Eye |
8

s e 2,
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NOE COURSE ] SCALE 150,000
LOW LEVEL CORSE e CONTOUR INTERYVAL 20 FEETY

NOE AND LOW LEVEL COURSES USED FOR EVALUATION OF THE NVO
FIGURE i
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Illuminance measurements were taken during the time periods of
these flights utilizing a Spectra-Pritchard Photometer with Cosine
integrator. The time periods for each flight and their resp:ctive :
illuminance levels are presented in Table 6. Also noted are eguivalent ;
percentages of moon illumination for the relative illuminance levels
presented.

RV

S

ECN

E Table 6
2 Light Levels Measured and Derived .

Percentage of Mean Illuminance Moor: Equivalent
No. of Ss  Date Time Moon Illuminated Measured Computed*

2 31 May 2100-2430 .76 7.20 x 1073 ft-c = 3/8

St I AR b, s VRS i

2 1 June 2100-2445 .84 5.92 x 1073 ft-c = 2/8

AL e

2z 2 June 2110-C130 .91 13.9 x 1073 ft-c = 5/8
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*Full Moon
1/2 moon
1/4 moon
No moon

RN N
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3 Training was conducted in 3/4 to full moon equivalent illuminance levels.
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’ Analysis: Separate analyses were computed for each of the flight
segments and maneuvers. Univariate F values were obtained for each

of the performance variables examined. A stepwise discriminant analysis
program was utilized for initial evaluation of the rzlationship of

the performance measures to visual set group separation. The five

or six* most discriminating variebles identified in the original
stepwise discriminant analysis (tased on a set of linear classificaticn
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*Six performance variables were utilized for examination in relation

to the four visual sets during the four standard man:euvers. Data

was lost due to a magnetic tape recorder malfunction during ome aviator's
NOE and low level flight thereby reducing the sample for these two

4 flight segments to five and consequently the number of performance

g variables utilized to five.
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functions computed by choosing the predictors in a stepwise manner)
were reexamined with the stepwise discriminant analysis program without
the lesser discriminating vaiiables thus ensuring df and multivariate
F ratio stability.

2
=
wvarn

The output of the stepwise discriminant analysis program included
a multivariate F value and a Wilk's Lambda (U-Statistic) associated
with the entering of each variuble into the classification function.
After the last step of the program, a classification matrix was also
‘ obtained indicating the proportion of aviators statistically classified
into the correct visual condition by the performance scores.

The performance measures found in the stepwise discriminant analyses
to be the most discriminating among the four visual sets in each
of the six flight segments were then examined in Veldman's (1967)!®
multiple discriminant analysis program.** The program computed univari-
ate F ratios and discriminant weights for the variables, Wilks Lambda
to determine the discrimination of the variables or the overall differ-
ence among the four group centroids, a chi-squavre approximation for
the discriminant functions or roots to determine the significance
of each, and total discriminatory power or estimated omega squared
vwhich gives an estimate of the percentage of the total variability
in discriminant space that is relevant to group differentiation.

-
!
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For interpretation purposes, the results and discussion have
been divided into univariate data, multivariate data and questicnnaire
sections. A variable's contribution to the discrimination of a root
is determined by the size of the adjusted weights relative to the
other variables' weights instead of by the univariate F ratio. The
univariate F ratio indicates the discrimination a variabie has among
the groups when examined individually and does not necessarily demon-
strate the variable's importance when combined with the other variables
in a discriminant root. Primary contributors to a root were considered
to be those variables whose weights (absolute values) were no less
than approximately ore-half the weight of the largest contributor.

‘ **Since the flight performance for each aviator was examined under

k : all four visual sets or experimental treatments, a technique devel-
g 4 oped by Schori and Tindall (1972) was implemented in order to ensure

g o that the data obtained from this repeated measures design werc

compatible with assumptions associated wigh the conventional multiple

£

discriminant analysis programs employed.!® Reference Appendix B for
A additional information related to the repeated measures design.
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RESULTS AND DISCUSSION Co

A. Univariate Data* §

1. NOE Flight %

3

Figures 2 through 6 show the means for the six periormance measures z
which exhibited significant (p<.05) univariate F ratios for the NOE H

flight segment. Figure 2 illustrates the difference (F = 4.33,

df = 3/16, p<.05) found in airspeed among the visual ccnditions during

NOE flight, with the unaided eye condition having a faster airspeed

than the three goggle conditions. Figure 3 depicts the number of .
cyclic fore-aft control movements made by the four grcups with the

40° goggle set having the highest number and the unaided eye condition

the least (F = 8.85, df = 3/16, p<.01). The 40° goggles also produced

the highest number of cyclic left-right control movements (Figure 3

while the unaided eye cordition produced the least (F = 9.72, df = 3/16,

p<.01).

Cyclic left-right absolute control movement magnitudes are shown
in Figure 4 with the 60° and 40°b goggles sets having the largest
magnitude of movements and the 40° arnd umaided eye conditions the
least (F = 5.34, df = 3/16, p<.01). Figure 5 indicates that the
wnaided eye condition exhibited the longest mean times in control
steady state cyclic left-right while the 40°b condition produced
the shortest steady state times (F = 4.15, df = 3/16, p<.05). Higher
cyclic left-right control movement mean times (Figure 6) were exhibited
by the 40° and 40°b sets relative to the 60° goggles ad the unaided
eye conditions (F = 5.88, df = 3/16, p<.01).

Sron s g €2 0N A A BRSSP N s 4 Tva e

2. Low Level Flight

Figures 7 through 9 show the means for the three perfoimunce
measures which exhibited significart (p<.05) univariate F ratios
for the low level flight segment. Figure 7 illustrates the higher
airspeed exhibited by the unaided eye condition relative te the 40°
and 40°b conditions (F = 4.29, df = 3/16, p<.05).

During low level flight, the 40° and 40°b goggle conditions
(Figure 8) exhibited longer periods of time in cyclic left-right
control steady state relative to 60° goggie and unaided eyc conditions
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f// *Figures for the univariate data section are located in Appendix A. :
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(F = 5.27, df = 3/1G, p<.05). 1t should also be noted that the 40°
goggle condition showed (Figure 9) a larger standard deviation in
heading than the three other visual sets (F = 5.01, df = 3/16, p<.05).

3. 360° Left Pedal Turn

Figures 10 through 13 show the means for the four performance
neasures which exhibited significant (p<.05) univariate F ratios for
the 360° left pedal turn maneuver. Figure 10 illustrates the difference
found in mean pitch angle amcng the visual conditions during the
360° left pedal turn, with the unaided eye condition having the highest
nose-up attitude (largest pitch angle) and the 60° goggle set the
smallest pitch angle (F = 7.45, df = 3/20, p<.01).

Figures 1!, 12, 13 depict radar altitude error scores (constant
error, average absolute error, and root mean square error, respectively)
with the 60° goggle condition having, in each case, the greatest
amount of error followed by the 40° goggle condition, the 40°b gogzle
condition and the unaided eye group. Thus the univariate examinations
of the deviations from the command altitude of three feet revealed
that the 60° goggle group had the largest amount of altitude error
and the unaided eye the least error in all three analyses.

4. Hover Forvard Flight Maneuver

Figures 14 and 15 show the means for the two performance measures
which exhibited significant (p<.05) univariate F ratios for the hover
forward flight maneuver. Figure 14 illustrates the difference in the
number of cyclic fore-aft control movements among the four visual
sets during the hover forward maneuver, with the unaided eye and
40°b groups having the most control movements while the 40° and 60°
goggle conditions had the least (F = 3.44, df = 3/20, p<.05). Figure 15
shows the differences in magnitude of pedal control movement among
the visual sets; the unaided eye group had the shortest average distance
in movement while the 60° goggle group had the largest magnitude
of movement (F = 3.20, df = 3/20, p<.05).

5. 25-Foot Hover Flight Maneuver

Figures 16 through 19 show the means for the two performance
measures which exhibited significant (p<.05) univariate F ratios
for the 25-foot hover flight maneuver. Figure 16 illustrates the
differences in mean pitch angle for the four visual sets during the
25-foot hover, with the unaided eye condition having the largest
pitch angle (highest nose-up attitude) and the 60° goggle group the
smallest (F = 3.67, df = 3/20, p<.05). Figure 17 shows the number

13
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of control movements with the cyclic in the left-right direction,
with the 40°b group having the greatest nunber and the unaided eye
group the least (F = 4.97, df = 3/20, p<.01).

Figure 18 indicates the magnitude of absolute average error along
the x axis exhibited by the four groups. One can see that the greatest
amount of absolute error was associated with the unaided eye group
and the least with the 40°b condition (F = 4.93, df = 3/20, p<.05).

RMS error along the x axis (Figure 19) also was found to be the greatest
for the unaided eye condition and the least for the 40° goggle group
(F = 4,53, df = 3/20, p<.GS).

6. Hover Rearward Flight Maneuver ’

Figures 20 through 22 show the means for the four performance
measurcs which exhibited significant (p<.05) univariate F ratios
for the hover rearward flight maneuver. Figure 20 illustrates the
difference in mean pitch angle among the four visual sets, with the
wnaided eye group having a higher nose-up attitude (greater pitch
angle) than the three goggle groups (F = 3.51, df = 3/20, p<.05).

Figure 21 shows the difference in the number of left-right control
movements made with the cyclic under the four visual sets; one can see
that the 60° goggle group had the greatest number of control movements
while the 40° goggle set had the least (F = 4.58, df = 3/20, p<.05).
Figure 21 illustrates the difference in the mean number of pedal control
movements made under the visual conditions, with the 60° and 40°b
goggle sets having the most pedal control movements and the unaided eye
and 40° goggles having the least,

Figure 22 lists the radar altitude constant error means for the
four visual sets; the 60° goggle condition had the highest positive
value while the 40° goggle group had the only negative constant error
score.

B. Multivariate Data

1. NOE Flight

Tatle 7 indicates the five most discriminating performance measures
in the order they were selected by the stepwise discriminant analysis
along with their associated multivariate F values and L-Statistic
values. Table 8 indicates the resultant classification of aviators
by the five performance variaules in their respective groups. With
the pricr probability of group membership being equal, the performance
scores for the NOE flight correctly classified 95% of the aviators
into the appropriate visual sct.
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Table 7

Stepwise Discriminant Anaylsis - NOE Flight Summary Data

Variable Entered F Value df P U Statistic
Cyclic Left-Right Control Movement Number 9.72 3/16 < .01 0.35
' Cyclic Left-Right Absolute Control Movement Magnitude 1.66 , 3/15 > .05 0.26
. Mean Airspeed 1.72 3/14 > .05 0.19
Cyclic Fore-Aft Absolute Control Movement Magnitude 5.55 3/13 < .05 0.08
Cyclic Left-Right Control Movement Mean Time 6.54 3/12 < .01 0.03
Table 8

Number of Cases Classified into the Four Visual Sets Using the NOE Flight Data

Visual Sets
49_: 92‘: 40° Unaided Eye
Groups
9° S 0 0 0
60° 0 4 1 0
40°b [ 0 S 0
Unaided Eye D} 0 0 5

Summary data for the multiple discriminate analysis are shown
in Table 9. Four of the six performance measures with significant
univariate F ratio values were selected by the stepwise discriminant
analysis and appear in Table 9. Of these four, only airspeed was
a primary contributor to root 1 (which accounted for 74.1% of the
variance, X* = 32.3, df = 7, p < .0001).

15
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‘ Table 9
~« Multiple Discriminant Analysis - NOE Flight Sumary Data
# 40°  60° 40°b Unaided Eye Adjusted D Weights
A Variable . Mean Mean Mean Mean F¢  Root 1 Root 11
Mean Airspeed! . 26.55 27.48 27.20  29.83 4.33%  -0.106 0.005
9 Cyclic Fore-Aft Absolute b b
¢ Control Movement Magnitude? .62 . .66 .65 .64 1.28 0.080 -0.025
73 .
= Cyclic Left-Right AbsoluteZ
7 Control Movement Magnitude? .63 .63 .64 .59 5.34%  0.013 -0.003 R
E Orclic Left-Right Control
3 Movenment Nusber 391.8 350.4 348.4  173.3 9.” » 0,031 -0.010
4 Cyclic Left-Right Control
) i *ovement Mean Time? 16 .15 .16 .15 5.88%% 0,020 0.023°
i Root I - 74.1% of Variance, Xt = 32,3, df = 7, p < .0001
3 ! Root II - 24.0% of Variance, X2 = 18.4, df = 5, p < .003
£ Total Discriminatory Power (Estimated Omega Squared) = 0.96
i
b % Univariate F, df = 3/16 Units of Measurement
2 Primary contributor I, Knots
9 * p<.05 2. Inches
3 ap < .0l 3. Total Nurber
24 4, Seconds
; Examination of Figure 23 indicates that the perfommance scores
E produced the greatest separation in root 1 between the unaided eye
2 condition and the three goggle conditions. The total discriminatory
A power (Table 9) provided by the performance scores was found to be

% 0.96, or 96% of the variability was relevant to group differentiation.
2 Stated differently, this 96% can be thought of as the total discrimina-
E tory power of the predictor battery as a whole.

3
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FIGURE23 GROUP CENTROIDS IN DISCRIMINANT
SPACE FOR THE NOE FLIGHT DATA
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Inspection of the weights of the performsnce variables in root
1 (Table 9) indicates that root 1 was primarily defined by the variables
mean airspeed (in a negative direction) and cyclic fore-aft absolute
control movement magnitude (positive direction). The biggest discrimi-
nator in root 1 (Table 9) was me2n airspeed and the negative sign
associated with this weight indicates that slower airspeeds were
associated with the three goggle conditions. Greater magnitude of
cyclic fore-aft movements were also associated with the three goggle
configurations.

The altitude at which the NOE course was flown by the aviators
under each visual set was a critical factor. The mean radar altitude
for the unaided eye group was approximately 62 feet, while the 40°, ,
40°b and 60° goggle conditions exhibited mean radar altitudes of
51 feet, 52 feet and 54 feet, respectively. Although these altitudes
were not statistically different (p >.05) the similarity in goggle
altitudes exhibited and the 8-11 foot higher mean altitude flown
during the unaided eye condition was considered notable. Because
the unaided eye group flew slightly higher through the river NOE
course, fewer terrain obstacles were encountered, thus requiring
fewer cyclic left-right control movements and smaller magnitude cyclic
fore-aft control movements. Therefore a slightly higher altitude
produced fewer terrain avoidance control movements resulting in a
faster mean airspeed for the unaided eye condition relative to the
three goggle conditions.

R

It should be noted again that the height of the trees along the
river NOE course ranged from 75-95 feet. The flight data indicate i
that all four visual sets were effectively masked throughout most
of the NOE flight. However, if tactical considerations demanded
low altitude NOE flight, the goggles seemed to have provided a slightly
lower altitude flight capability. The tradeoff for this lower altitude
was: (1) a greater workload due to obstacle avoidance and (2) slower
mean airspeeds.

Root 2 in the NOE flight analysis (Table 9) also accounted for
a significant percentage of the variance - 24.0%, X* = 18.4, df = 5,
p<.003. One can see in Figure 23 (NCE centroids) that root 2 produced
the greatest separation between the 40° and 60° goggle conditions.
Root 2 is primarily defined by the variables cyclic forc-aft absolute
control movement magnitude (negative direction) and cyclic left-right
control movement mean time (positive direction). The 40° goggle con-
dition reflected smaller fore-aft cyclic movements and longer duration
cyclic left-right movements relative to the 60° goggle condition.
These two variables indicate that aviator performance with the 40°
goggles exhibited smoother, more gradual control movements than with
the 60° goggles. This finding seems to reflect the resolution differ-
ence between the two sets of goggles.

P A
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Perhaps the most important point to be made about the results
of the NOE multivariate analyses is that the flight performance exhibited
by the pilotc under the unaided eye condition was distinctly different
from that occurring under the goggle condition. That is, the three
goggles' flight performances were, in totn, similar to each other
and distinctly separated from the unaided eye group's performance
(Figure 23j. The classification matrix (Table 8) also supports this,
in that, there was no statistical misclassification between the umnaided

eye group and the three goggle conditionms.

2. Low Level Flight

Table 10 lists the five most discriminating performance measures
in the low level flight analysis in the order they were selected
by the stepwise discriminant analysis along with their associated
multivariate F values and U-Statistic values. Table 11 indicates
the resultant classification of aviators into their respective groups
by the five performance measures. With the prior probability of
group membership being equal, the performance scores correctly classified
85% of the aviators into the appropriate visual condition.

Table 10

Stepwise Discriminant Analysis - Low Level Flight Summary Data

Variable Entered F Value  df P U Statistic
Standard Deviation Heading 5.01 3/16 < .05 0.51
Collective Control Position Mean 3.47 3/15 < .05 0.30
Cyclic Left-Right Control Position Mean 8.87 3/14 < .01 0.1c
Radar Altitude }ean 3.78 3/13 < .05 0.05
Mean Airspeed 3.31 3/12 > .05 0.63
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Table 11 !
-"*‘ 5
Number of Cases Classified into the Four Visual Sets )
3 Using the Low Level Flight Data

* !
Kt

3 Visual Sets ‘
g 40°  60°  40°b  Unaided Eye

z.{ Grouwps

b 40° 5 0 0 0

23 60° 0 4 0 1

e 40°b 0 1 4 0

¥ Unaided Eye 0 1 0 4

Summary data for the multiple discriminant analysis of the low
level flight are shown in Table 12. Two of the three performance
measures with significant univariate F ratios (p<.05) were utilized
in the multiple discriminant analysis (Table 12). The variable standard

l:‘ by . e

3 deviation-heading was also a primary contributor to the first discrimi-
o nant root.
9
I»

: Table 12

9 Multiple Discriminant Analysis - Low Level Flight Swmary Data

b

E 40°  60° 40° Unaided Eye Adjusted D Weights
P Variable M:an Mean Mean Mean F*  Root I Root II

Mean Radar Altitudel 86.9 97.8 86.3 97.2 0.65  -0.283 0.426b
lean 4jrspeed? 55.2  59.1 55.3 65.1 4.29r  0.022 0.378b

) Standard Deviation-Heading3 3.98 2.55 2.85 2.65 5.01*  -0.80®  0.14%
R Cyclic Left-Right Conirol

o Position Meand -.66 -.58 -.34 -.63 1.36 0.417>  -0.208
A

s . Collective Control Position

: Meand 3.52 3.47 3.43 3.49 0.28 0.396>  0.404b
3

§ Root I - 83,0% of Variance, X% = 36.4, df = 7, p < .00001

3 . Root II - 16.0% of Variance, X2 = 16.1, df = 5, p <_.007

Z 4 Total Discriminatory Power (Estimated Omega Squarsd) = 0.96

B

2 ynivariate F, df = 3/16 Units of Measurement

A Primary contributor 1. Feet

* p<.05 2. Knots

1 ** p < .01 3. Degrees

> 4. Inches -
A
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Table 12 also indicates that root 1 accounted for a significant
percentage of the variance- -83.0%, X2 = 36.4, df = 7, p<.00001. Exam-
.54 ination of the centroids in Figure 24 indicates that the performance
% scores produced the greatest amount of separation between the 40°
X goggle condition and the three other visual sets. On root 2 the j
e greatest amount of separation occurred between the unaided eye and '

%

H 40°b visual conditions. The total discriminatory power -(Table 12)
E provided by the performance scores was found to be 0.96, or 96% of
i the variability was relevant to group differentiation.
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GROUP CENTROIDS IN DISCRIMINANY

SPACE FOR THE LOW LEVEL FLIGHT DATA
FIGURE 24

The weights of the performance measures in Table 12 indicate

; that root 1 was primarily defined by standard deviation-heading (neg-
ative direction), cyclic left-right control position mean (positive
direction), and collective control position mean (positive direction).
, Therefore, groups with higher centroid values on root 1 (i.e., the

A unaided eye visual condition and 60° and 40°b goggle couditions)

e have, in general, smaller standard deviations in heading, larger

(-) position mean values for the cyclic indicating more left cyclic

o input, and larger collective control position mean values. Of the

¥ three, the standard deviation-heading variable is the most informative
3 in that it indicates that the 40° goggle condition had greater vari-
ability in heading relative to the other three visual conditions

: while flying the low level flight segment. -
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It should be noted that the unaided eye group flew faster than

g the other three visuzl conditions, in particular the 40° and 40°b

- goggle conditions. However, it should also be pointed out that this

3 was associated with a higher mean altitude relative to the !

group

40° and 40°b goggle. Thus, the situation is somewhat similar to

that found in NOE flight with regard to these parameters where the
unaided eve condition was found to be associated with faster flight

but likewise with higher flight. Therefore, with respect to the
operational impact for the unaided versus the 40° goggle there would
appear, based on these data, some need for consideration of the relative

merits of speed versus altitude.
3. 360° Left Pedal Turn

Table 13 lists the six most discriminating performance measures
in the 360° left pedal turn analysis in the order they were selected )
by the stepwise discriminant analysis along with their associated :
multivariate F values and U-Statistics values. Table 14 indicates
the resultant classification of aviators into their respective groups
by the six performance variables. With the prior probability of
group membership being equal, the performance scores correctly classi-
fied 100% of the aviators into the appropriate visual s=t.
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5 Table i3

Stepwise Discriminant Analysis - 360° Left Turn at a 3 Foot Hover

3 Variable Entered F Value df P U Statistic
e b Mean Pitch Angle 7.45 3/20 < .01 0.47

4 Radar Altitude RMS 11.99 318 < .01 0.16

3 Cyclic Fore-Aft Absolute Control

% Movement Magnitude $.42 3/18 < .01 0.08

2 Cyclic Left-Right Control

[ & Movement Number 5.83 3/17 < .01 0.04

b . Pedal Control Movement

E : Numbor 5.36 3/16 < .01 0.02

3 Censtant Error in X 4.6b 3/15 < .05 0.03
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Table 14

e S S ) P

Number of Cases Classified into the Four Visual Sets
Using the 360° Left Turn at a 3 Foot Hover Data

ey

o

; Visual Sets

4 40° 60° 40°  Unaided Eye
e 0" 807

g Groups

A 40° 6 0 0 0

5 60° 0 6 0 0

3 40°b 0 0 6 0

& Unaided Eve 0 ] 0 6

5 3
%5 H
% Summary data for the multiple discriminant analysis of the 360°

left pedal turn are shown in Table 15. Two of the four performance

k> measures with significant univariate F ratios were utilized, in this

9 case, in the multiple discriminant analysis {Table 15). However,

5 only the variable mean pitch angle was a primary contributor to the

'H first discriminant root.

7z Table 15

Multiple Discriminant Analysis - 360° Left Tum at Hover Sumary Data

5 10°  50° 40°b Unaided Eye Adjusted D Weights
e Variable Mean Mean Mean Mean Fa Root I Root 11

a Mean Pitch Anglel 272 219 2.71 3.68  7.45%%  .0.26Y 0.61°

3 Cyclic Fore-Aft Absolute

E: Control Movement Magnitude2 .67 .67 .65 73 1.48 -p.28  -0.27

Cyclic Left-Right Control

% Movement Number 15.2 17,7 22.3 19.0 2.65 0.47°  -0.07

C Pedal Contro. Movement

3 Nurber3 45 6.2 6.3 7.8 1.46 -0.2sb 0.14

( Constant Error Along the

E X Axisd -11.83 -12.85 -11.85 -9.2 0.29  -0.16 0.09

3 ' Ragar Altitude RvS4 6.33 10.31 3.75 3.27  5.82%%  .0.08 -0.73b

B

£ : Root J - 83.1% of Variance, X2« 54.6, df = 8, p < .0001

5 ) Reot II - 15.8% of Variance, X2 = 27.2, df = 6, p < .0003

e Total Discriminatory Power (Estimated Onega Squared) = 0.99

kS

2 pnivariate F, df = 3/20 Units of Measurement

N Primary contributor T, Degrees

k *p< 01 2. Inches -
E 3. Total Nuer

> 4. Feet

22
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Table 15 also indicates that root 1 accounted for a significant
portion of the variance--83.1% (X* = 54.6, df = 6, p<.0001); root 2
also accounted for a significant portion of the variance--15.8%
(¥? = 27.2, df = 6, p<.0003). Examination of the group centroids
in Figure 25 indicates that the performance scores groduced the greatest
separation in root 1 between the unaided eye and 40°b conditioms.
The greatest amount of separation in root 2 was between the unaided
eye and 40° goggle conditions. The total discriminatory power (Table 15)
provided by the performance scores was found to be 0.99, or 99% of
variability was relevant to group differentiation.

ROOT 2

.30

k.20

20071 e * = .

o> -20

40°

.

GROUP CENTROIDS IN DISCRIMINANTY
SPACE FOR THE 360° LEFT FEDAL TURN DATA
FIGURE 25

Inspection of the weights of the performance variables in root 1
(Table 15) indicates that root 1 is primarily defined by the variable
cyclic left-right control movement number (positive direction) and
to a lesser extent by cyclic fore-aft absolute control movement magnitude
(negative direction), mean pitch angle (negative direction), and
pedal control movement number (negative direction). Therefore, groups
with higher centroid values on root 1 (i.e., 40°b and 60° goggle
visual sets) have, in general, a larger number of cyclic left-right
control movemencs, smalier control movements with the cyclic in the
fore-att direction, smaller mean pitch angles and a smaller number
of pedal control movements.

A secondary contributor to the first discriminant root, constant
error along the X axis, indicates that negative constant error scores

23
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g were exhibited by all visual conditions. However, less negative

=@ constant error or drift was associated with the unaided eye condition
A indicating that this group detected the drift sooner than the three
& goggle conditions. It appears that the aviators were more accustomed
e to hovering at very low altitudes with the unaided eye and thus were
g able to obtain the necessary visual information for maintaining the
4 aircraft near the initial hover coordinates.

TR
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4, Hover Forward Flight Maneuver
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Table 16 lists the six most discriminating performance measures
in the hover forward flight analysis in the order they were selected

:' - - - - - - 3 -

£ by the stepwise discriminant analysis along with their associated
- multivariate F values and U-Statistic values. Table 17 indicates
oy

ik Table 16

tf‘\ Stepwise Discriminaut Analysis - Hover Forward Flight Summary Data

Z

& Variable Entered F Value df P U Statistic
g Cyclic Fore-aft Control

E:: Movement Nunber 3.44 3/20 < .05 0.66

p2

3 Cyclic Left-Right Control

Movenent Number 7.33 3/19 < .01 0.31

’- “lean Airspeed 4.44 3/18 < .05 0.18

: Collective Control Steady

pe : State Mean Time 4.92 37 < .05 0.09

N !

&€ ‘lean Radar A'titude ) 5.60 316 < .01 0.05

4 Pedsl Control ‘ovement

3 Number 2.95 3/15 > .05 0.03

3

<

g Table 17

F .

- Number of Cases Classified into the Four Visual Sets

H Using the Hover Forward Flight Data

Visual Sets

™
A

i s 1

2 Groups

g 20° 5 1 0 0
s 60° 1 5 ¢ 0
Y 40°b 1 0 ) 0
Unaided Eye 0 0 0 6

40° 60°  40°db  Unaided Eye
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the resultant classification of aviators into their respective groups
by the six performance variables. With the prior probability of
group membership being equal, the performance scores correctly classi-
fied 80% of the aviators into the appropriate visual condition.

Summary data for the multiple discriminant analysis of the hover
forward flight data are shown in Table 18. One of the two performance
measures with significant univariate F ratios was utilized, in this
case, in the multiple discriminant analysis (Table 18). This variable,
cyclic fore-aft control movement number, was also a primary contributor
to the first discriminant roct.

Table 18
Maltiple Discriminant Analysis - Hover Forward Flight Summary Data

40  60° 40°© Unaided Eye a Adjusted D Weights

Variable Mean Mean Mean Mean F Poot I Reot 1I
Mean Radar Altitudel 3,79 6.96 3.64 3.51 1.72 3.19 7.85P
Mean Airspeed2 11.09 10.95 9.91 9.73 1.77 - 6.00 -4.67b
Cyclic Fore-Aft_Control b

Movement Number3 21,5 21.7 243 27.7 3.44% 16.06 -1.26
Cyclic Left-Right Control b b
Movement Number3 12.8 12.8 14.0 18.3 0.26 -10.80 -4.09
Collective Control Steady

State Mean Timed 20.45 36.34 22.49 40 63 2,73 - 3.91 -0.49
Pedal Control b
Movement Number3 2,67 5.33 2.83 6.33 2.09 - 1.59 6.50

Root I - 91.3% of Variance, X = 50.7, df = 8, p < .0001
Root II - 8.0% of Variance, X“ = 14.78, df = 6, p < .022
Total Discriminatory Power (Estimated Omega Squared; = 0,96

2 Univariate F, df = 3/20 Units of Measurement
b Primary contributor 1. Feet
* p< .05 2. Knots

3. Total Number

4, Seconds

Table 18 also indicates that root 1 accounted for a significant
percentage of the variance--91.3%, X* = 50.7, df = 8, p<.0001; root 2
also accounted for a significant percentage of the variance--8.0%,

X% = 14.7, df = 6, p<.022. Examination of the group centroids in
Figure 26 indicates that the perfommance scores produced the greatest
amount of separation in root 1 between the 60° goggle condition and
the unaided eye group. On root 2, the greatest amou:t of separation
occurred between the 40° and 60° goggle conditions. The total dis-
criminating power (Table 18) provided by the performance scores was
found to be 0.96, or 96% of the variability was relevant to group
differentiation.
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GROUP CENTROIDS IN DISCRIMINANT
2 SPACE FOR THE HOVER FORWARD FLIGHT MANEUVER
; FIGURE 26

t Examination of Figure 26 shows that on root 1 the goggles were
more similar than different relative to the unaided eye. All visual
conditions yielded similar system performance with regard to airspeed
and altitude except for 60° goggles. This visual set was associated
with a higher altitude, a result which has been noted earlier and

3 one which might possibly be related to their resolving power. With

A respect to the cyclic and pedal control inputs, the unaided eye condi-
4 tion was associated with more control activity. It can be seen as ;
a function of the separation on root 1 the positive sign on the cyclic,

because of the mean difference and weight size, had the greater impact.

It must also be remembered that the coefficients are weighted and

signed to provide maximumi discrimination between all groups. Therefore,

for this maneuver the system output performance with the exception

of the 60° condition weie nearly equal while the unaided eye condition

relative to the goggles was associated with more cyclic and pedal

activity.
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3 : 5. Twenty-five Foot Hover Flight Maneuver.

v

' Table 19 lists the six most discriminating performance measures

: in the 25-foot hover flight analysis in the order they were selected

; by the stepwise discriminant analysis along with their associated
multivariate F values and U-Statistic values. Table 20 indicates

26
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the resultant classification of aviators into their respective groups
by the six performance measures. With the prior probability of group
membership being equal, the performance scores correctly classified
92% of the aviators into the appropriate visual condition.

! Table 19

Stepwise Discriminant Analysis - ZS Foot Hover Summary Data

Variable Entered F Value df P U Statistic
Cyclic Left-Right Control
Movement Number 4.97 3/20 < .01 0.57
X Axis Average Absolute Error 3.18 3/19 < .05 0.38
Mean Pitch Angle 3.61 3/18 < .05 0.23
Cyclic Fore-Aft Control
Movement Number 2.9% 3/17 > .08 0.15
Pedzl Control Steady State
Mean Time 4.31 3/16 < .05 0.09
Collective Control Steady State
Mean Time 2.32 3/15 > .05 0.06

Table 20

Number of Cases Classified into the Four Visual Sets
Using the 25 Foot liover Data

Visual Sets
40°  60°  40°b  Unaided Eye

Groups

490° 6 0 0 0
60° 0 6 0 0
40°b 0 0 S 1
Unaided Eye 0 1 i) 5
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Summary data for the multiple discriminant analysis of the 25-foot
hover data are shovm in Table ?1. Three of the four performance
measures with significant univariate F ratios (p<.05) were utilized
in the multiple discriminant analysis (Table 21). All three of these
variables, mean pitch angle, cyclic left-right control movement number
and X axis average absolute error, were also primary contributors to
the first discriminant root.

Tabie 21

tultiple Discrimirant Analysis - 25 Foot Hever Sumary Data

40° 60° 40°b Unaided Eye Adjusted D Weights

Variable Mean Mean Mean Mean a Root I Root II
Mean Pitch Angle’ 4.99 4.26 4.47 4.94 3.67%  -1.65° -1.64
Cyclic Fore-Aft Control b

Movement Number? 33.3 33.3 32.8 26.0 0.98 2,13 0.24
Cyclic Left-Right Control b b
Movement Number? 5.8 12.7 21.0 6.5 4,97%%  -1.13 4,04
Collective Control Steady b
State Mean Time3 42,0 S57.0 44.2 48.8 1.42 -0.79 2.41
Pedal Cuntrol Steady

State !ean Time3 26,6 20.3 15.8 i2.5 1.39 1.53P -0.35
X Ax1s Average Absolute

Lriord 9.94 11.44 7.53  15.67 493+  -1.69®  -0.02

Root I - €7.1% of Variance, x22= 20.7, df = 8, p ¢ .0005
Root II - 23.5% of Variance, X = 16,0, df = 6, p < .0}4
Total Discriminatory Pover (Estimated Omega Squared) = 0.92

Univariate F, df = 3/i6 Units of ieasurement
b Primary Contributor 1, Degrees
* p< .05 2. Total Number
¢ o< .02 3. Seconds
4, Feet

Table 21 also indicates that root 1 accounted for a significant
percentage of the variance - 67.1%, X* = 29.7, df = 8, p<.0005.
Examination of the group centroids in Figure 27 indicates that the
performance scores produced the greitest amount of separaticn on
root 1 between the 40°b and 60° goggles conditions. On root 2 the
greatest amount of separation occurred between the 40°b and unaided
eye conditions. The total discriminatory power (Table 21) provided
by the performance scores was found to be 0.92, or 92% of the vari-
ability was relevant to group differentiation. .
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The weights of the performance measures in Table 21 indicate
that root 1 was primarily defined by cyclic fore-aft control movement
number (positive direction) and to a lesser extent by X axis average

absolute error (negative direction), mean pitch angle (negative direction),

pedal control steady state mean time (positive direction) and cyclic
left-right control movement number (negative direction). Therefore,
groups with higher centroid values on root 1 (i.e., 60° and 40° goggle
groups) have, in gereral, more contrcl movements with the cyclic

in the fore-aft direction, smaller average absolute error in X, smaller
mean pitch angle (a more nose-down attitude relative to the other

two groups}, a greater amount of time in pedal control steady state

and fewer control movements with the cyclic in the left-right direction.

Individually, the average absolute error on the X axis (horizontal
displacement) prevails as the dominant performance measure of the
25-foot hover maneuver. This variable was not only significant wnivar-
iately but also was a primary contributor to the first discriminant
root. The means for this variable indicate that the aviators flying
with the 40°b and 40° goggle configurations were vetter able to main-
tain their position over the starting point relative to the unaided
eye and the 60° goggle condition. Also, performance with the three
goggle conditions reflected superior drift control compared to the
unaided eye. The ordering of means along this error variable follows
what seems to be a visual resoluticn continuum with the 40°b and
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40° goggles having the highest resolution and the least error, followed
by the 60° goggles and the unaided eye which degraded resolution

and correspondingly higher error values. When combined with other
performance measures on the 25-foot hover data, this resolution/horizon-
tal drift continum was lost. The 40°b goggle and 40° goggle centroids,
which had the least horizontal error, were separated in discriminaut
space tirough the influence of, primarily, the cyclic left-right
control movement mmber paramcter. On most of the other flight parame-
ters, the 40°b goggle and 40° goggle conditions exhibited similar

mean values; however, the 40°b goggle condition exhibited more cyclic
left-right control movements than the other conditions. This higher
number of cyclic left-right movements seems to be a function of the
highly reduced outside field-of-view associated with the 40°b. The
field-of-view available fcr outside use was limited to the upper

70% of the lenses on the 40°b. Thus the aviators were forced to

scan left and right more to obtain the visual information needed

to maintain the high hover, which seems to have also produced the
higher number of cyclic left-right movements. However, this scon
pattern and/or cyclic left-right activity appears to have resulted

in a very low error in the horizontal direction for the 40°b group.

The variable X axis average absolute error was not highly correlated
with the other variables utilized, so horizontal drift could not

be predicted from the other performance measures of concern in the
25-foot hover analysis.

Root 2 of the 25-foot hover also accounted for a significant
percentage of the variance--23.5%, X? = 16.0, df = 6, p<.014. The
two primary contributors on this root indicated that the two groups
with high centroid values (40°b and 60°) had more cyclic left-right
control movements and longer periods of contrcl steady state times
between collective control movements relative to the unaided eye
and 40° goggle conditions.

6. Hover Rearward Flight Maneuver.

Table 22 lists the six most discriminating performance measures
in the hover rearward flight analysis in the order they were selected
H by the stepwise discriminant analysis along with their associated
: multivariate F and U-Statistic values. Table 23 indicates the resultant
classification of aviators into their respective groups by the six
performance variables. With the prior probability of group membership
being equal, the performance scores were used to correctly classify
100% of the aviators into the appropriate visual conditicn.
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Table 22 §

R Stepwise Discriminant Analysis - Hover Rearward Flight Summary Data 3

5

e ;
;

E Variable Entered F Value df P U Statistic §

= Pedal Control Movement Number 12.45 3/20 < .01 0.35 i

23 R

g Radar Altitude Constant Error 3.22 3/19 < .05 0.23 §

(:, L]

p= Radar Altitude Average Absolute Error 4.31 3/18 < .05 0.13 3

33

. Pedal Control Movement Mean Time 5.20 3/17 < .01 0.07 1

_, Cyclic Fore-Aft Control Movement NMumber 4.28 3/16 < .05 0.04 :

3 H

;; Cyclic Fore-Aft Control Movement Magnitude 2.69 3/15 > .05 0.02 1

- s

3

3 i

é: ;

F: Table 23

£ Number of Cases Classified into the Four Visual Sets
3 Using the Hover Rearward Flight Data

1 Visual Sets
40° 60° 40°b  Unaided Eye

LY

5 40° 6 0 0 0
4 60° 0 6 0 0
e 40°b 0 0 6 0
A Unaided Eye 0 0 0 6

Summary data for the nultipl> discriminant analysis of the hover
rearward flight data are shown in Table 24, Two of the four performance
measurcs with significant univariate F ratios were utilized in this
case, ‘n the multiple discriminant analysis (Table 24). These two
variables, pedal control movement number and radar altitudc constant
error, were also primary contributors to the first discriminant root. .
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Table 24 also indicates that root, 1 accounted for a significant
percentage of the variance - 68.7%, X" = 22.1, df = 6, p<.002. Examina-
tion of the group centroids in Figure 28 indicates that the performance
scores produced the greatest amount of separation in root 1 between the
unaided eye condition and the 60° goggle group. On root 2, the greatest
amount of separation occurred between the 60° and 40° goggle conditions.
The total discriminatory power (Table 24) provided by the performance
measures was found to be 0.97, or 97% of the variability was relevant to
group differentiation. .

Inspection of thc weights of the performance measurces in Table 24
indicates that root 1 was primarily defincd by the variable radar altitude
constant error (positive direction) and to a lesser extent by radar alti-
tude absolute average error (negative direction), pedal control movement A
number (positive direction) and pedal control movement mican time (negative :
direction). Therefore, groups with higher centroid values on root 1
(i.e., 60° and 40° goggles) have, in general, greater constant crror in
altitude values, less absolute average error in altitude, more pedal
control movements, and shorter mean time in pedal control movements. A
strict interpretation of the first discriminant function (that is, using
the weights and signs of the weights as the guide points) indicates that
for the 60° and 40° goggle conditions, aviators (1) hovered rearward at
higher mean altitudes with less total absolute error in altitude from the
five foot command altitude than the 40% and unaided eye groups, and
(2) made more and quicker pedal control movements (compared to the 40%
and unaided eye groups).

A slightly different view ¢f the flight performance of the four aroups
is provided if the two radar altitude error scores arc examined ' ithout
regard to the control measures. The 40° and 409 goggle condit! rs
hovered rcarward at lower mean altitudus thus they were closer ©  the
command altitudc of five feet AGL than thc 00° goggle and unaid i
eye conditions. ‘The 400 and 40% conditions also cxhibited slightly less
total absolute error from thc command altitude than did the 60° goggle
and unaided cye conditions.

Root Z on thc hover rcarward data also accounted for a significant
percentage of the variance - 23.8%, X? = 22.1, df = 6, p<.0002. The
largest separation was between the 60° and 408 goggle conditions with
three variables primarily contributing to this separation. The weights
for these variables indicate that 60° and 40% goggles had the largest
magnitude of cyclic fore-aft absolute control movement and the largest
number of cyclic fore-aft control movements as well as the longest
average time for pedal control movements, relative to the unaided eve
and the 40° goggle conditions.

The 100% classification strongly illustrates the difference in “
aviator performance during thc hover rearward mancuver under the four
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Table 24

A Multiple Discriminant Analysis - Hover Rearwasd Flight Summary Data

R
% 40°  60° 40°b Unaided Eye Adjusted D Weights
£t Variable Mean Mean Mean Mean F@  RootI  Root II
S .

S ; Cyclic Fore-Aft Absolute

E Control Movement Magnitudel 0.65 0.68 9.75 0.66 2.62 -0.025 0.227b
g Cyclic Fore-Aft Control

= Movement NumberZ 20.8 34.8 33.3 2.5 213 -0.279 0.43sb
3 5 Pedal l.Sam:rol Movement

o 3 Numbe: 3.8 9.3 6.0 3.8 12.46%* 0.449b 0.201
ks o]

P Pedal Control Movement

E: 8 Mean Time3 0.17  0.25 6.27 0.26 1.70 -0.390b  9.256b
‘ Padar Altitude Constant

3 Error? -0.27 4.17 1.97 2.27 3.38*  0.61  -0.149
sf Radar Altitude Averaze

2 Absolute Errerd 2.99 5.54 3.5 5.95 1.58  -0.469®  -0.205
A Root I - 68.7% of Variance, X2 = 37.6 df = 8, p < .0001
B Root II - 23.8% of Variance, X2 = 22,1, df = 6, p < .002

E Total Discriminatory Power (Estimated rega Squared) = 0.97

%

K 2 pnivariate F, df = 3/20 Units of Measurement

7 b primary contributor ~ Inches

54 * p< .05 2. Total Mumber

g ** p< .01 3. Seconds

4. Feet

e

3 .
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FIGURE 28

GROUPS CENTROIDS IN DISCRIMINANT
SPACE FOR THE HOVER REARWARD DATA.
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visual conditions. While the control movement variables helped to
produce this magnitude of separation across the groups, the radar
altitude variables were the primary discriminators.

C. Responses to the Night Vision Goggle Questionraire

Following the in-flight performance measurement under the various
visual sets, the aviators completed a questionnaire designed to obtain

their opinion about the night vision goggles. The information about the

NVG's was divided into five general categories: (1) comparison of the
two NVG fields-of-view, (2) flight maneuvers, (3) nsychophysiological

effects, (4) equipment consideration, and (5) academic and flight training.

The following information represents a summary of the responses to
items in the questiomnaire.

1. Comparison of the Two NVG Fields-of-View

The aviators were asked if they could distinguish between the
49° and 60° FOV AN/PVS-5's and note the differences be*ween the two
pair of goggles. Five of the seven aviators rated the 40° goggles
as the better of the two. Two of the aviators did not rate one pair
over the other but listed the advantages and disadvantages of each
pair. All seven aviators described the 4G° goggles as having clearer
resolution or a sharper image. Table 25 lists the advantages and
disadvantages associated with both the 40° and 60° goggles. The 40°
goggles were thought, by one individual, to be more physically

Table 25

Comparison of the 40° and 6U” ruv avu

40° (oggles 60° Goggles
Advantages Advantages
1. Clearer resolution, 1. Larger ficld of vision
sharper image 2. Better depth perception
2. Physical comfort 3. tore ligit
Jisadvantages Disadvantages

Poorer resolution

Cause of motion sickness
Physical discomfort

Goggles gave the impression of
being dirty or out of focus

1. Smaller field of vision
2. Poorer depth perception
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canfortable than the 60° goggles (Table 25). . It seems that the mounting
devices for the 60° goggles used in the current project did not maintain
support for that set during the flight testing sessions. For one
individual, at least, the 60° goggles' strap mounting system loosened
after a few minutes of flight, allowing the goggles to slip slightly
down on his face, resulting in less physical comfort.

2. Flight Maneuvers

The aviators were asked to evaluate the terrain features and light
levels which would be necessary for them to maintain a 5-foot and
25-foct liover. Table 26 indicates the light levels desired by at
least four of the seven aviators under three terrain conditions.

Table 26

Light Levels Necessary for Maintaining at
S Foot and 25 Foot Hover with the N\G

Illumination Levels

»o Moon, No Moom, 0-1/2 1/8-1/4 1/3-1/2 1/2-Full
foon Moon

Goggles  Terrain Overcast  Starlight Moon  Moom M
10° Smooth Open Field X
Contoured Field X
Large Opening in
Trees X X
60° Smooth Open Field X
Contoured Field X
Large Opening 1n
Trees X XX
10°
Bifocals Smooth Open Ficld X
Cciitoured Facld X
Large Opening in
Trees by X

X - Light level desired by the majority (4 of 7) of aviators for maintaining a
£ive-foot hover.

XX - Light level desired by the majoraty (4 of 7) of aviators for maintaining a
twenty-fiv~ foot hover.

There seemed to be a definite interaction between light levels
and terrain in the aviators' attitude toward hovering. Using the
40° and 60° goggles, they felt that higher light levels were needed
to perform a stable 5-foot hover over smooth open fields and contoured
fields (1/8 - 1/4 moon) as compared to a large opening in the trees
{0 - 1/8 moon). Higher light levels were thought to be required for
hovering with the bifocals at 5-feet AGL over a smooth open field
(1/2 - full moon) while only 1/8 - 1/4 moon was deemed necessary for
maintaining a 5-foot hover over a contoured field and in a large
opening in trees. The large opening in trees would provide texture
gradients, contrast cues and other visual information for judging both
horizontal and vertical movement, which would be lacking in the other
two terrain conditions.

35

%
3
o
%
-
k&
=
¥,
e
E;
4

PRy




3

ot

5
141
“)

frs

gt ©,ui
'671;5‘*- .o

i

DR .
e U R LR,

AL 2 )N

1y s

Rl e,

T 7T

R P..,%@'—@M?’&,g{;_: =

R TR g

%‘r‘ﬂ%h‘_ — e — - e Y
, il

Hovering at 25-feet AGL was considered more difficult by the
pilots because visual contact with references on the ground was limited.
Therefore, the feeling was that light levels on the order of 1/2
to full moon were necessary for stable hovering at 25-feet AGL in
a l:xge opening in trees with the 40°, 60°, and bifocal goggles.
The aviators were even more uncertain about hovering at 25-feet AGL
with all three goggles over smooth and contoured fields because of
the aforementioned dearth of visual information under those conditions.

Other factors which might infiuence hovering capabilities were
listed as (1) points of reference cutside the aircraft, (2) wind,
(3) usable field-of-view, (4) depth perception and (5) cockpit visual
environment (combination of goggles and structural parts restricting
vision}.

All seven aviators found that the goggles influenced their ability
to judge both airspeed and altitude (primarily altitude). Scme of !
the comments associated with these reduced capabilities were (1) in-
ability to focus on an object close to the aircraft, (2) limited
visual cues, (3) lack of peripheral information and (4) depth perception |
limited due to "tunnel vision" effect. Most aviators felt that improve- i
ment would occur with practice. ‘

It seems that approximately the same light levels are required
for all three pairs of goggles (40°, 60°, 40° bifocals) to perform
the same flight maneuvers. However. the pilots did indicate that
different light levels were required for different flight maneuvers,
no matter what pair of goggles was used. In the following table
(Table 27) a check (X) mark was placed in the block which reflected
the average light level considered necessary for each type of flight.

FORTU

The order of preference for the three pairs of goggles for enroute
flight was (1) 40° bifocals, (2) 40°, and (3) 60°. The 40° bifocal
goggles were preferred for enroute flight because they enabled the
pilot to monitor the instrument panel with the lower portion of the
split lense while also maintaining an outside capability with the
top portion of the lense. However, the general attitude toward the
altitude of flight which would be the most appropriate for each was
that all three pairs were good for low altitude flight with the 40°
ard 60° goggles most appropriate for NOC or 0-50 feet AGL, while
the bifocals, perhaps, would be more effective at 25-100 feet AGL.
The bifocals were considered less desirable for NOE and Low Level
flight because the lower portion of the lenses, focused for inside
viewing, restricted even farther the critical fiell-of-view needed
for terrain surveillance at low altitudes. The aviators expressed
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Table 27

ot

Light Levels Necessary for Different Flight Maneuvers ¥

g
'’

illumination Levels

No Moon, 0-1/8 1/8-1/4 1/4-1/2 1/2-Full
No Moon Starlight Moon Moon Moon . Moon

LA e

Enroute Flight X
) NoL X

wy

Low Level X

Contour X

Low Altitude
(30C-500 Ft AGL) X

NPICET CIEWAT, 5y i SN TSRS ¥

Normal Take-Offs X

Nomal Landings X

g o

Max Performance
Take-Offs X

Steep Landings X

B 5 oot ot onitain s

that they were not able to hover as well with the 40° bifocal goggles
as the 40° and 60° goggles due to difficulty in viewing ground features
immediately below the aircraft. To view the ground through the top
portion of the goggles, the aviators had to tilt their heads forward

to an uncomfortable position.

arths h
{eini gl

Y

Previous use indicated that basically two types of head movement
techniques were used with the NVG's: (1) fixating on a point, and/or
(2) constantly moving one's head from side to side. The side to
side head movement technique was preferred in the dynamic flight
maneuvers (e.g., NOE flight, nommal and steep landings, and max perfor-
; mance takeoffs) in order to compensate for the limited field-of-view
A and thus obtain information needed for avoiding obstacles, making val-
3 id depth perception judgments and judging altitudes and rate of movement.
2 More static flight maneuvers (e.g., 3-feet and 25-feet hovering)
' seemed to require some of the subjects to fixate on a point of reference.
E However, several aviators noted that both head movement techniques
: were utilized in all maneuvers.

v
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The following safety suggestions were made for enhancing safe
NVG aided flight: (1) orientation flights, (2) experienced safety
pilots, (3) normal flight safety precautions, (4) filters for lights
in the cockpit such as the master caution light, (5) low level cockpit
illumination, (6) emergency light source, (7) adequate training and
practice, and (8) easy removal of goggles.
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In discussing the advantages and disadvantages of the NVG's in
comparison to the unaided eye, the aviators noted the primary advantages
as being (1) increased resolution and detail, (2) capabilities for
NCE and low level flight under low light levels, and (3) greater
distant vision capabilities, However, the disadvantages primarily
concerned the question of whether or not the increased resolution was
worth the sacrifice in peripheral vision. Other disadvantages listed
were (1) reduced depth perception, (2) 'whiteouts" due to bright lights,
(3) more frequent exaggerated head movements, (4) fatigue, (5) in-
ability to monitor instruments with 40° and 60° goggles (non-bifocal),
(6) physical discamfort, and (7) inability to see detail at close
range (non-bifocal).

When asked what visual condition (either unaided eye or one of
the three pairs of goggles) they would choose if asked to fly the
NOE course and the maneuvers again, the aviators indicated that the
40° goggles were the preferred visual set. One aviator preferred
the 60° goggles for the NOE course because he felt that they provided
better depth perception information than the other conditions. Another
aviator chose the unaided eye for the NOE course because less head
movement was required. Two individuals indicated that they would
fly the NOE course again under any visual set except the 60° goggles.

3. Psychophysiological Effects

It was found that there were few negative psychophysiological
effects associated with the use of the NVG's. Two aviators became
nauseated while wearing the 60° NVG's, one due to the inability to focus
the NVG's, the other while performing a 360° hover turn. Only one
person experienced a headache while wearing the goggles while several
mentioned facial discomfort due to the weight of the goggles on the
cheek bones. Only one person experienced vertigo (due to quick head
movements compensating for the small field-of-view) while none of
the pilcts ever felt particularly closed in (claustrophobia). However,
most of the pilots indicated that they were more tense when wearing
the PVS-5's as compared to the unaided eye conditions because of
the: (1) tunnel vision or restricted field-of-view, (2) poor depth
perception, and (3) unfamiliarity or lack of confidence in the goggles.

4. Equipment Considerations

Several of the pilots experienced difficulty with the helmet
meunting of the goggles. The basic complaints were that: (1) the
goggles fit too low on the face and (2) the mowmting procedure was
complicated or took too long.
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Data from the study indicated that the primary design problem
with PVS-5's was that the weight was not distributed equally across
the helmet and helmet liner. The result was that most of the pressure
or weight was on the face (cheeks and forehead) and the nape of the
neck. Most of the pilots recommended that additional pressure relief
pads be used on the cheeks. Scme of the recammendations for improving
the mounting of the goggles were (1) transfer the weight from the
cheeks to the top of the helmet, (2) use supporting frame to keep
the goggles from sliding forward, (3) mowdt the goggles permanently
to the helmet visor and swing them down for use, (4) get a :iew frame
for the lenses, and (5) keep the frame from touching the -

Due to the above conditions the pilots felt that if asked to
go on an extended mission, the average length of time they could
wear the goggles was 2.25 hours.

Structural problems associated with the use of the PVS-5's was
the interference of vision by the center windscreen mount and the
right forward door frame.

The majority of the aviators noted that outsidc lights such as
car lights, spot lights, antenna iights, lights on other aircraft,
and river reflections made vision difficult while using the goggles.
They indicated that these light sources caused a "'greenout", ''flashout",
or decreased resclurion which lasted from 1-2 seconds to 10 seconds.

5. Academic and Flight Training*

The subjects were asked how much classroom or ground time they
felt should be devoted to topics related to the NVG's. The following
indicates the topics we suggested as well as topics they suggested
that should be covered along with average times allocated to each:

Topics Time Needed
Mounting 35 min
Focusing 50 min
Other adjustments 30 min
Background information on the NVG's and

light levels 50 min

*1t should be noted that the California Forest Service!® has compiled
a detailed flight training instruction program for aviators preparing
to utilize the AN/PVS-5 NVG.
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Tactical advantages 30 min
Safety inflight 30 min
Scanning procedures 12 min
Depth perception 120 min
Various types of flight environments 60 min
Additional light level information 25 min
Night blindness . 15 min
Physiology of vision 60 min
Night flying 60 min

The topics which they considered as the more important areas to
be covered were:

(1) Physiology of the eye

(2) Night vision

(3) Flying at various light levels

(4) Flying in various environments

(5) Proper adjustment, focusing, mounting
(6) Head movemeuts

(7) Characteristics of the NVG

(8) Tactical usage

These are not ranked as to importance.

The aviators were almost in complete agreement in opinion that the
Aviation School should provide all initial rotary wing students with
NOE night vision goggle introduction and/or familiarization, but not
bring all initial rotary wing students to full qualification with the
NVG's. An average of 2.4 flight hours werc considered essential for
AN/PVS-3 student introduction.

In the opinion of aviators, an initial rotary wing student finishing
his tactical training would need an average of 1.5 flight hours with the
NVG's before he should take over the controls. The range was from
immediately, or 0 to 4 hours flight training necessary.

Five of the seven aviators felt that a safety ride would be essential
heforc they took over the controls for the first time. This safety
ride would enablc the pilots to get accustomed to the goggles and deter-
mine the limitations and capabilities of the goggles. The other two
pilots felt that an aviator should be able to fly immediately if a
safety pilot was ready at the controls.

Three of the pilots thought that when full qualification was given,
the Aviation School should provide that service while three other
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aviators felt that the Aviation School should provide only the AN/PVS-5
introduction while full qualification should be given as unit level
training. The flight training avcraged out as follows:

o e sty

Introduction Full Qualification [P Qualiljcation
2.4 hrs. 29.2 hrs. 52.1 hrs.
(Assumed IERW (22.9 additional
training complete) from full
qualification)

Five aviators expressed that a special group of IP's assigned solely
to night vision training would be more advantageous than having tactics
or NOE IP's providing NVG training along with their other duties. The
advantages of having special NVG IP's were listed as: (1) a great deal
of familiarity and proficiency is needed with AN/1VS-5's for flight
safety, (2) standardization is a must for training, (3) proficiency
greatly increases with continued exposure, (4) vas: amount of technique
involved, and (5) night vision suffers from day work. The advantages
listed for having the tactics or NOE IP's as the instructors for
NVG's were (1) this approach is more realistic due %o manpower consider-
ations, and (2} students only need an introduction to the NVG's.

The pilots indicated that large training programs with AN/PVS-S's

may have some problems with such factors as weather, moon cycle,

and moon rise and moon set. They also felt that a 2:1 student-instructor
ratio for training would be the most desirable.

Three pilots used the NVG simulators. Two of these aviators
stated that the simulators did provide some help in adjusting to
both the weight and the narrower field-of-view. These were the only
features of the simulators which helped them adjust to the AN/PVS-5's.

SUMHARY

For the NOL flight segment, the NVG's were associated with slightly
lower flight altitudes. As a function of reduced altitude, mcan
airspeeds were slowcr and control activity higher due to a greater
obstacle avoidance requirement. The data also indicate that the
40° goggles were associated with smoother, move gradual control movements
than were the 60° goggles. It was hypothesized that this may have
been a function of the resolution differences between these goggles.

During Low level flight the 40° and 40°b goggles were again associated

with lower mean altitude relative to the unaided eye. This situation
did not hold for the 60° FOV. Again, as with the NOE flight, the
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goggles were associated with slower airspeeds. Between the 40° and
unaided eye, the data indicated a bit more heading variability.

For the 300° Left Pedal Turn maneuver, the goggles were in general K
associated with slightly more variability and error in altitude and
difficulty in holding longitudinal position.

In the Forward Hover maneuver, the aviator performance and the
aircraft system output were quite similar for all visual sets while
the unaided eye condition exhibited more cyclic and pedal activity. .

The dominant measure separating the visual conditions of the
25 Foot Hover maneuver was the average absolutc error along the longitud-
inal axis or horizontal displacement. Data on this variable indicate
that the 40° and 40°b goggles were associated with better position
maintenance over the starting point relative to the 60° goggle and
unaided eye. It should also be pointed out that all three goggle
conditions exhibited better drift control than the unaided eye condition.

! For the Hover Rearward maneuver the errors in altitude scores

were the most discriminating among the four visual sets. The data

! for these two parameters indicate that the 40° and 40°b goggle corditions
: hovered rearward at lower mean altitudes, thus were closer to the

command altitude of five feet AGL than the 60° goggle and unaided

eye conditions. The 40° and 40°b conditions also exhibited slightly

less total absolute error from the command altitude than did the

60° goggle and unaided eye conditions.

CONCLUSIONS

Based on the results containsd in this report, experience gained
in conducting this effort, and the findings of others, the following
conclusions appear warranted:

1. Available illumination is a critical factor when using NVG's.

2. Intermittent cloud cover when supplemental illumiration is
not used creates problems when using current generation NVG's.

3. There are illumination levels compatible with the NVG's at
which there is in general an increased capability provided over the
unaided eye.

4., Further research must be conducted to determine the jilluminance
levels where the goggles provide increased capab:lity and where they
do not. ]
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5. It would appear that to conduct NYG training (without simulators),
a training area will need to be illuminated to some NVG compatible
level. If this is not done, training will be dictated in large measure
by moon phases and prevailing cloud cover.

6. Depth perception is influenced when flying with the goggles
and further research evaluating this influence is nccessary.

. 7. The higher resolution 40° FOV goggle was in general favored
over the 60° FOV poorer resolution goggle.

. 8. Bifocals (30% cut) which permit inside capability without
manual refocus are preferred for enroute work.

9. Bifocals (30% cut) are not preferred when performing maneuvers
close to the terrain. This is probably due to the FOV reduction
precipitated by the bifocal.

10. Research should be conducted with smaller than 30% cuts to
determine their efficiency and acceptance.
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11. Bifocal goggles should be examined in light of copilot/navigator
performance requirements.

12. Maps can and have been made which are goggle compatible.

13. Aircraft and cockpit lighting must and can be made compatible
with NVG's.

14. MNVG's can provide the pilot, in some circumstances, with
increased staying power when operating in intermittent light sources
because of their light compensation capability. The unaided, dark
adapted eye exposed to the same light would be adversely affected.

15. Modifications in mounting the NVG can be made and should
be made to shift current weight bearing surfaces and c.g.

16. [Lfforts should be made to reduce goggle weight for safety
considerations.

17. Safety procedures must be established and adhered to when
using the NVG's.
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Since Schori and Tindell's transformation tcchnique for repeated
measures was utilized on conventional multiple discriminant analysis

H programs. scme corrections should be made to the statistical output
22 of these programs. These corrections apply to three areas. First
L in the univariate output, the degrees of freedom (df) for the denominator

should be reduced by n-1 resultir; in degrees of freedom of 12 instead
of 16 for the low level and NCE flight segments and 15 instead cf

20 for the 360° left pedal turn, hover forward, 25-foot hover, and hover
rearward maneuvers. As a consequence of these reduced degrees of

é freedom, the absolute values of the univariate F should be reduced
3 by 25%.
32 : The second matter of note is that the Wilks Lambda values, though

% not reported, were computed and found to exceed the .05 significance
I level.

¥ The third point of consideration is that the chi-square statistic
for significance testing of the individual roots should also be reduced

5 by n-1, resulting in a reduction of the listed chi-square statistics
3 by 32%.
3 These points are of statistical importance but they do not change

the relationship between the variables examined. Additionally, they
do not alter the interpretation of the variables' contribution to the
flight performance or the overall interpretation of the flight performance.

! In all cases where a reduction in the absolute value of a test
5 statistic is warranted, this reduction did not place the statistic
:: outside the preestablished significance point.
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