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Analysisof problemswith distance deter mination using Night Vision Googles

Baburaj VP', Gomez G*

ABSTRACT

Distancejudgment and depth perception arefundamental skillsrequired in aviation. Accuratedistance
estimationisan important task for most air craft pilotsand isextremely critical for helicopter pilots. Thisstudy
ascertained distancejudgment of theobserver sfor egocentric (disancefrom theobject tothesubject) and exocentric
(digtancebetween two objectsunder consider ation) setup using naked eyeand Night Vison Googles. Thestudy was
conducted in two experimental set-upsviz. photopicillumination condition and degraded illumination condition.
Thestudy wasconducted indoor swith 30 healthy volunteer s(29 maleand 1 female) belongingtoagegroup 20to
35years(M ean age29.45+4.08 year s). A Gen 2+ helmet mounted passivebinocular devicewasused for thestudy.
Thesecond set-up included the same procedureaswas conducted beforebut with subjectswearingtheNVG. The
mean egocentric disancewassignificantly under estimated in conditionsof both photopicvision and with theusage
of NVG. However theextent of underestimation with the photopic vision waslesser ascompared with distance
estimation with NV G usage. An increasing standard deviation wasalso noted with theincreasein distance of
observation. Unlikeegocentric distance estimation, the obser vation for exocentric estimation by NVG showed a
definiteand highly significant over estimation (p<0.01). With theuse of NV G, theamplitude of over estimation of
exocentricdistancewasfound tobedirectly proportional tothe magnitude of thedistanceunder consider ation.
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Introduction these devices includes reduced acuity of vision,
smaller Field of View (FOV) and a spectral
sengitivity different from the human visual system.
These differences have been cited as potential

factorsleading to problemswith their usein flight

(1.

Beginningintheearly 1970's, the proliferation
of sophisticated weapon systems has necessitated
changesintheway an aviator will fight inamodern
combat scenario. In order to survive and succeed
in combat, Air Forces world over now depend

largely ontheability to fly and fight at low altitudes
and at night utilizing night vision devices.

Advanced display technology isnow available
to allow rotorcraft pilots to fly with increased
effectivenessunder visibility conditions, whichwas
not possible to fly few years ago. Night vision
devicessuch asNight Vision Goggles (NV Gs) and
Forward Looking Infrared devices (FLIR) are
examples of two such systems.

These devicesdo not provide normal photopic
vision and thus compromise human performancein
certain important areas. The prime shortcoming of
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Distance judgment and depth perception are
fundamental skillsrequiredinaviation[2]. Accurate
distance estimation is an important task for most
aircraft pilots. Thisisnot taught in pilot training and
rulesof thumb aretypically passed on frominstructor
to student in an informal and invalidated manner.
Accuratedistance estimationiscritical for helicopter
pilots. Rotorcraft, by their very nature, can
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manoeuvre amongst trees and other obstacles and
fly Nape-of-the-Earth (NOE), fly at low altitudes,
land in very low clearance areas and maintain a
hover at afixed atitude above a certain point. All
these piloting tasks require accurate distance
estimation to implement the manoeuvre properly
and safely. For safe operations, helicopter pilots must
constantly verify that the aircraft has adequate
clearanceinall directions: Thetail boomtotherear,
the skids or the wheels below and the rotor blades
above, to the sides and in front. Obstacles must be
cleared, sometimes by only afew feet, depending
upon the operational requirements. Additionally,
distance estimation for farther distances (up to a
few hundred feet) isimportant to maintain low level
altitude and to maintain hover in the fore/aft and
lateral directions. To hover, pilotsaretrained to pick
objects in front and the side and then control the
aircraft to maintain those distances. Inaccurate
distance estimation has been determined by theUS
Army to be a factor in some night crew-error
accidents [3].

Till date, there had been a few studies with
the NV G concerning the problemswith the spatial
estimations. These studies had indicated a definite
change in the perceptual pattern when viewing
through the NV G. The distance and sizejudgments
werereported to be generally an underestimate and
the magnitudes of these deviant estimates were
determined by a hoard of factors. The study
conducted by Foyle and Kaiser [3] withANVIS 6
NV Gsand four helicopter pilotswith extensveNVG
experience as subjects resulted in all observers
underestimating the distance to the target using
unaided viewing with either their normal or a
restricted field of view, but during NV G viewing
two observers overestimated and two observers
underestimated distance.

Inthe study conducted in alaboratory, Hadani
[5] had reported that observers underestimated

thedistanceto an object and according to him, the
forwardly displaced location of the nodal point of
the objectivelensof NV Gscompared with the nodal
point of the eye was the cause for the altered
perception. In another study, Del_uciaand Task [6]
compared judgmentsin thelaboratory and inafield
experiment. Inthelaboratory, they found that while
wearing NV Gs, observers underestimated distance
compared with normal photopic viewing. In contrast,
they found no significant differencesbetween NV G
and unaided viewing inthefield experiment.

Reising and Martin [7] had observed in their
study that while making estimates of absolute depth
between themselves and triangular targets, and
making depth judgments between pairs of targets
under starlight in field conditions, 14 out of 20
observers underestimated the absolute distance to
targets and two observersoverestimated distances.
They also observed that there was a significant
improvement in distance estimates when observers
had been given feedbacks of their estimates and
the experiment repeated again with a different
setting. Niall, Reising and Martin [7, 8] confirmed
the value of direct verbal feedback for distance
estimation when viewing through NVGs. They also
showed that observerstypically underestimated the
true physical distance only if they had limited
experience using NV Gs and had no feedback on
their performance.

It has been established by Gibson that similar
visual cues are involved in judging both size and
distance so that any degradation in viewing
conditionsislikely to affect both size and distance
judgments[9]. Becausethe NV Gshavearestricted
field of view and adiminished resolving power when
compared with the capability of the unaided human
eyeindaylight, it can beanticipated that NV G users
unaccustomed to these altered viewing conditions
may experience misperception. Many field reports
indicate [10, 11, 12] that NVG viewing induces
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misperceptions that compromise flight safety,
including difficulty in judging ground distances
(egocentric distance estimation) or the separation
of objects (exocentric distance estimation).
I naccurate distance judgment have beenimplicated
as a serious problem by aircrew members [12] to
be afactor in many rotary wing aircraft accidents.
Theproblemisof particular importanceto helicopter
crew members, who must estimate distances often
during the hover and landing phases of flight (e.g.
tojudgethat the helicopter rotor bladewill not strike
afixed object or that apatch of ground issufficiently
wide enough to serve as a landing zone). The
relevant range of distances for these tasksis about
46 m (150 ft) with crucia distances ranging from
about 12 m to 18 m (40 ft to 60 ft), which
corresponds to rotor blade lengths [6,8].

In absence of a formal training, the aviator
repeatedly and somewhat systematically pairsvisua
preceptswith valid distance datato form aninternal
perceptual calibration that will berelied uponinthe
circumstances when the pilot cannot crosscheck
on instruments while in flight. This internal
perceptual yardstick breaks down when there is
substantial changes in the visual environment
particularly when the visual array isimpoverished
or ambiguous. It is in these environment where
NV Gs are used for their advantages and yet their
associated disadvantages may cause unfortunate
problems.

NV Gs are electro-optical devices that
enhance visibility in low light. Vision with NVGs
differsin many ways from unaided human vision.
Thisstudy exploresthe atered distance estimation
with NV G usage.

Materialsand Methods

The study was conducted indoorsinthe NV G
Training Laboratory at the Institute of Aerospace
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Medicine, Bangalore. The subjects for the study
were 30 healthy volunteers (29 maleand 01 female)
bel onging to the age group of 20to 35 years(Mean
age 29.45+4.08). The subjects were randomly
selected from the normal population and awritten
informed consent wastaken prior to the study. The
distant vision status, near vision status and colour
vision of the volunteers was ascertained. Only
emetropic volunteerswith colour vision having cut-
off limit maintained above CP-11 by Ishiharabook
test for colour vision were selected for the study.
The subjects acted as their own controls as the
same subjectswere used for both the conditions of
the study i.e. photopic illumination condition and
NV G conditions in both size determination and
distance determination.

The NVG equipment used was a self-
contai ned Gen 2+ helmet mounted passive binocular
device. White cut outs were used as objects for
distance determination. Thesewereidentical insize
and shape, two in number and comprised of white
chart paper of size Im x 1min an hourglass shape.
The upper end of the cut-out had an extension, which
wasusedto get it affixed ontheclip availablebehind
the arm of the black stand. The black stands were
two in number and had an adjustable vertical arm
at the end of which there was affixed aclip to hold
the cut-out. The stands were painted black so asto
give a contrast to the white colored cut-ouit.

The NV G focusing procedure wasinstructed
to every subject prior to commencement of the
NV G aspect of distance estimation study. The study
proceeded further only after it was ensured that
the subject had learnt the complete focusing
procedure and was getting the maximum possible
resolution with the NVG. The subjects were
encouraged to spend as much time as required to
adjust and focusthe goggles prior to commencement
of the study. The subject was made to view
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Sildermann’s 3x3 NVG resolution chart from
6 mwith full moonlight illumination on the chart for
the purpose of focusing.

The subjects were then taken to a corridor of
length 144 ft which was perfectly darkened. The
illumination measured when darkened was 0.052
Lux. Therewasprovision of artificial lightinginside
the corridor which was utilized for assessing the
photopic distance estimates by the subjects. The
entire corridor was measured and the measured
distances were marked in meters and small 1abels
were affixed on the floor blind to the subjects. The
subjects were shown distance of 1 m, 4 m and
10 mwith positive feedback correction asapractice
session by keeping the object at the respective
distances and asking the subject to make a mental
picture of the same. The objects at photopic
illumination in the NV G corridor were placed at
predetermined distances which were blind to the
subject and the estimated distance was noted down.
Four estimations were made in asingle setting.

For egocentric estimation, the distanceswere
arbitrarily chosen as 13 m, 22 m, 28 m and 37 m.
First measurement of egocentric distance estimation
at photopic illumination was carried out followed
by egocentric distance estimation using the NVG.
The objects were randomly assigned to these
distances under both photopic and NV G settings.

Thiswasfollowed by four exocentric distance
estimation of predetermined distance combination

blind to the subject. The distances chosen were
again arbitrary. Two of these distance were closer
one and two; more apart. The distanceswere 3 m,
5m, 11 m and 16 m. Similar readings as for
egocentric were then taken firstly in photopic
condition and then using the NV G with randomi zed
combination of the same distances as in normal
illuminations.

Single sample t-test was used to test the
significance of departure of distancejudgment from
actual distances under photopic and NV G
conditions. Paired t-test was done to estimate the
differences between distance determination under
photopic condition and with the usage of NVG.

Results

The distance estimation was done in two
setups: Egocentric and Exocentric.

The mean estimated egocentric distance and
error scores both with the photopic vision and with
theusage of NV G with their corresponding standard
deviationisshowninTable 1.

Single sample t-test was used to test the
significance of departure of egocentric distance
judgmentsfrom the actua egocentric distance under
photopic and NVG conditions. The t values and
corresponding significance levels are placed at
Table 2.

Tablel: Mean (£SD) and error scoresof egocentric distance estimatesunder photopic
and NV G viewing conditions(n=30)

Egocentric Egtimated Distance(m)

Distance(m) Photopic+SD Error Scores NVG+SD Error Scores t-value
13 12.3+053 07 10.7+1.15 23 6.352**
2 206+0.81 -14 1853+2.70 -347 4.623**
3 2553+2.03 -247 21.77+355 -376 6.031**
37 34.23+261 =277 30.83+5.08 -34 4.418**

" p<0.01 (Highly significant)
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Table2: Test result of significancein comparison of egocentric distance estimates
with actual distancein two viewing conditions (n=30)

Distance(m) Condition M ean £SD distanceestimation (m) Calculated t value
13 Photopic 12.3+053 S7.17+*
13 NVG 10.7+1.15 -10.96**
2 Photopic 20.6+0.81 -9.42+*
2 NVG 1853+2.70 -7.03**
2 Photopic 2553+2.03 -6.66**
3 NVG 21.77+355 -9.62%*
37 Photopic 34.23+261 -5.81**
37 NVG 30.83+5.08 -6.65**

" p<0.01 (Highly significant)

Table3: Egocentricdistanceestimation by (%) subjectsunder photopicillumination (n=30)

Egtimations Distance(m)

13m 22m 28m 37m
Overestimation (%) 0% 0% 0% 3.33%
Correct (%) 3.33% 20% 23.33% 13.33%
Underestimation (%) 66.67% 80% 76.67% 83.33%

Table4: Egocentricdistance estimation by (%) subjectsunder NVG usage (n=30)

Egtimations Distance(m)

13m 22m 28m 37m
Overestimation (%) 0% 6.67% 10% 13.33%
Correct (%) 3.33% 0% 0% 0%
Underestimation (%) 96.67% 93.33% A% 86.67%

Table 3and 4 depict theindividua break down
of egocentric distance estimation by 30 subjectsas
the percentage function of overestimation, correct
estimation and underestimation of egocentric
distancein either condition.

The mean estimated exocentric distance and
error scores both with the photopic vision and with
theusage of NV G with their corresponding standard
deviationisalso shownin Table 3.

Single sample t-test was used to test the
significance of departure of exocentric distance
estimates from the actual exocentric distance of
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consideration. The t values and corresponding
significance levelsare shownin Table 4.

The following two tables give the individual
break up of exocentric distance estimation by 30
subjects as the percentage function of overesti-
mation, correct estimation and underestimation of
exocentric distancein either condition:

Discussion
The atered NVG image as compared with

normal unaided vision under photopic conditionsis
the major cause for the limitations when viewing
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through the NV G. What isless certain, however, is
how aspects of higher order visual performance
such as form, motion, and space perception are
affected by NV G imagery, and in turn, the effect
of thesefactorson operational flying tasksthat rely
on complex visual and cognitiveinput. Although the
precise role of contributing factors remains
uncertain, there is sufficient operational and
anecdotal evidence to conclude that NVGs are
associated with errors in the estimation of depth,
altitude, distance and size [4].

This study revealed that the mean egocentric
distance is underestimated in conditions of both
photopic vision and with the usage of NV G. With
the photopic vision to some extent and with the
NV G tothegreater extent, degradation in estimation
and increasing standard deviation is seen with the
increaseinthedistance of observation. Itispertinent
to mention that the deviation from the actual, in
case of photopic vision, ismarginal ascompared to
that using NV G. Thisisevident from theerror scores
astabulatedin Table 1. Thelevel of significancein
difference of estimation was determined for each
distance under consideration for the photopic
viewing condition and the usage of NV G (Table 2
refers). It was thus determined that the egocentric
underestimation with NV G was highly significant
(p<0.01) for al thefour egocentric distances. The
studies done by Atsuki Higashiyama and Koichi

Shimono [13], where they had studied distance
determination over distances of 40 cmto 15.3 km,
Witmer and Kline[14] on distance determinationin
Virtual Environment, Hadani [5] withNV G, Delucia
and Task [6] with NV G and Reising and Martin[7]
with NV G arein agreement with theresult obtained
in the present study. Only the result of the study
done by Foyle and Kaiser [3] was contrary to the
results of the present study. They found out that
that error does not appear to be uniformly
overestimation or underestimation, but was subject
idiosyncratic. Out of only four pilotsthat they used
as subjects, two overestimated and two
underestimated the distance.

Contrary to the observations of the egocentric
distance estimation, the observations tabulated in
Table 5-8 for exocentric estimation by NV G points
towardsadefiniteand highly significant tilt towards
the overestimation element (p< 0.01). The results
of the exocentric estimation of photopicilluminations
are however varied. It is non significant to very
low significancein estimation of distancefromthe
actual distancein smaller distance of consideration
whereasin thelarger distance of consideration there
isobvioustilt towards overestimation. In the latter
aspect, theresults are presumably moreinfluenced
by the reasons aligned with the egocentric
estimations.

Table5: Mean (£SD) and error scoresof exocentric distanceestimates
under photopicand NV G viewing conditions (n=30)

Actual Distance(m)

Estimated Distance(m)

Photopic Error scores NVG Error scores t-value
3 357+1.14 057 53+178 23 -5.233**
5 51+1.32 01 6.83+1.97 183 -5.017+*
1 993+155 -107 11.83+2.10 083 -5.794**
16 14.73+294 -1.27 19.83+3.60 383 -0.317+*

" p<0.01 (Highly significant)
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Table6: Test result of significancein comparison of exocentric distance estimates
with actual distancein two viewing conditions (n=30)

Distance(m)  Condition M ean distanceestimation (m) (SD) Calculated t value
3 Photopic 357(1.14) 273
3 NVG 5.3(1.78) 7.06%*
5 Photopic 51(1.32) 041s
5 NVG 6.83(1.97) 5.11**
n Photopic 9.93(1.55) -3.76**
1 NVG 11.83(2.10) 217
16 Photopic 14.73(2.99) -2.36*
16 NVG 19.83(3.60) 5.82%*

* p<0.05 (significant) *"p<0.01 (Highly Significant) ¥ Nonsignificant

Table7: Exocentricdistanceestimation by (%) subjectsunder photopicillumination (n=30)

Egtimations Distance(m)

3m 5m 11m 16m
Overestimation (%) 46.67% 20% 13.33% 23.33%
Correct (%) 36.67% 56.67% 0% 0%
Underestimation (%) 16.67% 23.33% 86.67% 76.67%

Table8: Exocentric distanceestimation by (%) subjectswith NV G usage (n=30)

Egtimations Distance(m)

3m 5m 11m 16m
Overestimation (%) 83.33% 63.33% 56.67% 83.33%
Correct (%) 16.67% 33.33% 0% 3.33%
Underestimation (%) 0% 3.33% 43.33% 13.33%

In both the above experiments for distance
estimation, emphasis was given for the fronto-
paralel planeasthefield of distance determination.
This was done due to the limitations imposed by
the NV G corridor. This can be justified by taking
into consideration therestricted field of view of the
NVG

From this experiment and considering the
other research works it is evident that
estimates of distance are also adversely affected
by NV G viewing. There aretwo likely reasonsfor
this. First, the perception of object sizeisacuefor
distance, andif thisisaffected, then the perception
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of distance is also likely to be affected (Size
distance invariance hypothesis) [15, 16, 17]. Inan
experiment of size estimation using NVG by
Zaevski, Meehan and Huges[18], it was concluded
that the size of the objects when viewed by the
NV G appeared smaller (the study was conducted
till an effective distance of 6 m). This may then
suggest that they are seemingly located
farther than they actually are or in other wordsthe
distance will be overestimated; however, itis seen
that the typical error made in distance judgment
with NVGs is underestimation. This was both
seen in photopic situation to amarginal extent and
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with NV G to ahighly significant extent. By applying
the size-distance invariance hypothesis, the
egocentric distance estimation to adistance of 6 m
can beinferred to be overestimation. Another factor
which is to be considered is that the cues which
influence perception of size are the same as those
that influence the perception of distance. Hence,
distance estimation may be more directly affected
by the degradation in depth cues with NV Gs, and
in this case it may appear more difficult to predict
whether distanceswill be over-estimated or under-
estimated. However it is evident that the effect of
NV G in the backdrop of reduced visual acuity is
further amplification of the effect of underestimation
by the photopic vision.

Larger distances appear to be underestimated
asisevident from the egocentric distance estimation
experiment. However, it can be noted that
underestimation of distancein the egocentric setup
cannot betrand ated into overestimation of Sizesince
thiswas not a comparison experiment keeping the
visual angle same and size of the object was
constant and known to the observer. This has
obvious implications in both fighter flying and
helicopter flying. In fighter flying, this will be
important for target sel ection and distance estimation
of the same. It will also be of tremendous value
whiledoing low level sortieat night. Formation flying
isanother arena, which will have great implication
due to altered spatial perceptive properties of the
NV G In helicopter flying, thedistance determination
is of greater signifiance sinceit is required during
hover and NOE flight.

In case of exocentric distance estimation the
results indicate a definite trend of overestimation
of the distances when viewed by the NVG. In the
photopic estimation of exocentric distance, near
distances showed marginal overestimation and the
far distances were underestimated. The exocentric

distance estimation is of importance while flying
the aircraft between two obstacles. It isalso of a
value during formation flying, though to a lesser
extent.

Concluson

Theresult of thisstudy clearly demonstrates
the problemin distance determinationusinganNVG
The present experiment set up had taken into
consideration the distances of 13 m, 22 m, 28 m
and 37 m for egocentric estimation and 3 m, 5m,
11m and 16 m for exocentric estimation. The
following conclusions can be drawn for the distance
estimation of the two set-upsinvolved.

(@) Egocentric estimation: The underestimation
of the distances was found to be highly
significant with NV G usage.

(b) Exocentric estimation: In exocentric
estimation there was overestimation of the
distances. The extent was in terms of larger
amplitude when distances of greater
magnitudes were taken into consideration.
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