o
v

(Z

N NAVAL SUBMARINE MEDICAL
RESEARCH LABORATORY |

O
(N
N SUBMARINE BASE, GROTON, CONN.

REPORT NUMBER 998

COLD WEATHER COGGLES:
V. Acceptable Limits of Op’fcal Distortion
by

S. M. Luria
and
Roberto Rodriguez, HM2

DTIC

Naval Medical Research and Development Command A ELECTE B
Research Work Unit M0095. 001-1040 o ;
U MAY 03 1983 §

15 FILE Copy

Released by: ¢;,—,~ E
William C, Milroy, CAPT, MC, USN

Commanding Officer
Naval Submarine Medical Research Laboratory 0 5 0 2 0 8 3

53

11 April 1983




- it . -~ - -
X - -
LA AN R

PR L R - - - IS

CCLY WEATHER GOGGLES. Y. ATCEPIABLE LIMIYS
OF G TICAL DISTURTTON

by

S. 4. Luria, ©u.D.
and
Roberto Rodriguez, HM2

NAVAJ, SUBMARINE MEDTCAL RESEARCH LABORATORY
REPORT NUMBER 998

NAVAL MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Rcsearch Work Unit M0095.001-1040

Acnes
ession For

NTIS GRA&I
Approved and Released by DTIC TAB

Unann ounced

Justification o

. ?%,4 EEry

Aveliiability Codeg

W. C. MILROY, CAPT, Mcr/{sw

lAveil and/op

‘Dist | Special

Commanding Officer
NAVSUBMEDRSCHLAB

Approved tor public release; distribution unlimited

— T = AT e T S i i i et e S il SRSt e e e Sl w»ﬁﬁ"'{""!‘“‘!"—". TeoTLo¥oe
. Lt . AN AR A Rt X R ‘c_',,\_ﬂ__,i.”_ . .
. N - . . _




SUMMARY PACE

PROBLEM

To determine the maxirum umcunt of opticai distortion which does rot
significantly degrade the performunce of tasks tyrically performed by Marines
in the field.

FINDINGS

Contrast sensitivity, acuity through binoculars, depth perception, and
riflery were campared with subjects wearing a series of goggles with different
amounts of optical distortion. The magnitude of distortion was quantified by
projecting a Snellen chart through each of the goggles and determining the
Snellen line which observers could read. Using this criterion, the maximum
pemissible distortior (that is, which does not significantly impair che above
tasks) is that which degrades acuity from 20/20 to the 20/30 lire.

APPLICATION

These findings are relevant to the specification of the characteristics
of protective sunglasses for use in the Arctic and other bright environments.

ADMINISTRATIVE INFORMATION

This rescarch was conducted as part of the Naval Medical Research and
Development Cammand work unit M0095.001-1040 - “Protective devices for the
eye in cold weather.® It was submitted for review on % Mar 1583, apprured
for publication on 11 Apr 1983, and designated as NAVSUBMEDRESCHLAB Report
No. 998,

PUBLISHED BY THE NAVAL SUSBMARINE MEDICAT RESEAKCH LABORATORY
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ABSTRACT

L

A

| pncinn,

- Tontrast sensitivity, acuity through binoculars, depth
perception, and riflery were measured as subjects looked
through goggles with various degrees of optical distortion.
The amount of distortion necessary to produce a statistically
significant degradation of performance was determined for
each task in order to specify the maximum allowable optical
distortion in goggles. The degree of distortion was
quantified by projecting a Snellen chart through the goggles
and determining the Sneilen line which could then be read.
By this criterion, the maximum permissible distortion is
that which degrades acuity from 20/20 to the 20/30 line.
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INTRODUCTION

A survey of the optical proper-
ties of commercially available cold-
weather goggles has shown that they
exhibit a range of characteristics.l
The most obvious is the variety of
spectral transmittances. When put
through the series of tests which
are used to evalauate Air Force
visors for optical quality, however,
they also exhibited a range of
various optical distortions. These
tests are very stringent--as might
be expectad for use by aircraft
personnel--but it is likely that
ground forces can function effec-
tively with goggles of lower optical
quality. ’

A subsequent study, therefore,
measured the effects of wearing
goggles of various levels pf optical
quality on the performance of
several tasks which must be carried
out by troops in the field.2 These
included riflery, looking through
field-glasses, depth perception,
and the like. The optical distor- -
tions found in the commercially
available goggles did not degrade
performance on any of the tests for
most subjects; only the expert
riflemen suffered a statistically
significant but small degradation
in their shooting. The question
arises, therefore, how much optical
distortion can be tolerated? At
what point does performance
of practicedl tasks begin to be
significantly affected?

In this study, four goggles
were fabricated which exhibited a
range of optical distortions which
exceeded those usually found in
comnercial goggles. Their effects
on performance were measured in an
effort to specify the permissible
limits of optical distortion for

cold weather goggles for men in the
field,

THE GOGGLES

Per formance in various practical .
tasks was, with one minor exception,
not affected by the previous range of
distortions. However, it seemed that
the limits of acceptable distortion
had been reached and any further
increase in distortion would produce
significant degradations of perform-
ance. Such magnitudes of distortion
would exceed, however, that which is
typically found in commercial goggles.
It was necessary, therefore, to find
a way to produce large magnitudes of
distortion. Our solution was to use
the heavy (0.3 mm thick), molded
plastic containers in which new safety
goggles are encased for sale. To
increase the amounts of distortion,
several layers of this plastic were
put together. The total transmit-
tances for the different sets were
then equated with neutral density
filters,

In the previous evalution, optical
quality was measured using tests of
prismatic deviation, spherical dis-
tortion, and viewing distortion. 2
The magnitude of distortion of the
layers of plastig, however, was too
great to be measured with the sensitive
tests used for the Air Force visors.
Indeed, Wulfeck et al3 have commented
that "while distortion is a recognized
evil in transparencies, it is difficult
to evaluate with objective tests."

We assessed the magnitude of distortion
by holding the plastic in front of a
Snellen Chart projector and noting the
mean Snellen line which could then be
read by three subjects. Table I gives
the mean Snellen values for the five
pairs of goggles used in this study:
clear safety goggles (which the
previous tests had shown to exhibit
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Table 1. Mear Snellen acuity line
iegihle when the Snellen Chart was
projected through the different

goggles.

Goggle Snellen
acuity
Clear safety goggle 20/20
One layer plastic 20/25
Two layers plastic 20/35
Four layers plastic 20/50
Six layers plastic 20/80

very little optical distortion) and
one to six layers of plastic, 1ll
with equated transmittances. These
values range from a mean of 20/20
for the least distorting goggles,
the cammercial safety goggles, to

a low of 20/80 for goggles made of
six layers of plastic. The goggles
are hereafter identified by these
mean Snellen values.

It is important to note that
the observers did not wear these
goggles while reading the Snellen
chart; the goggles were placed in
front of the projector which pro-
jecced the snellen chart. The
cbservers were wearing no goggles
when they read the chart.

CONTRAST SENSITIVITY

The first task to be tested was
the ability to see grating targets
of various spatial frequencies.

This test is a more informative test
of the visual state than simple
resolution acuity. It gives an
indication of the ability to see
large objects as well as small ones.
It is now well known that there may
be a loss in the ability to perceive
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one and not the other.4

Metnod

Vertical squarn~wave gratings were
generated on a Hewlett-Packard
cathode ray tube {(CRT) with a P31
phosphor. At the viewing distance of
300 cm, the screen subtended 5°x3.8°
visual angla. Six spatial frequen-
cies were chosen to sample the
contrast sensitivity function. The
mean luminance was akout 0.6 mL and
the surround was illuminated to about
.03 mL. ‘“hresholds were measured
with the ascending method of limits.
¥.ch the subject wearing a given pair
of goggles, a spatial frequency was
selected and j.esented below thresh-
old. 1Its contrast was increased in
preselected s+teps until the subject
would report its size. A new fre-
quency was se’ected at random and
the process vepeated. This continued
until each of the six frequencies had
been presents3 three times. The
procedure was r+peated with each
pair of goygles. Six .rembers of the
laboratory staff were tested. Each

wore the goggles in a different random

order.
Results

The mean thresholds at each spatial

frequency chrough each pair of goggles

are shown in Fig. 1. The most sensi-

tive functior in this family of curves

is virtually identical with that
obtained with different subjects
wearing the least distorting goggles
in the previous study. At the )owest
spatial frequency the thresholds

with the various goggles are only
slightly different from each other,

but as the spatial frequency increases,

the effects of the distortion become
more pronounced. This is shown in
Fig. 2 which gives the ratios of the
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contrast threshold at each frequency
through different goggles to the best
contrast sensitivity obtained at that
frequency. The greater effect of

the optical distortion on the higher
spatiai frequencies was confirmed

by an analysis of variance. This
showed that the goggles were not
significantly different at 0.5 and

1 cpd, and that the differences
between the goggles fell just short
of significance at 2 cpd. At 5 cpd,
however, the differcnces reached
statistical significance (p <.05)

and they were highly significantly
different (p <.0l) at 10 and 15 cpd.

A Tukey test showed that at 5
cpd, only the most distorting goggle
was significantly worse than the
best goggles. At 10 and 15 cpd, the
two most distorting goggles were
significantly worse.

ACUITY THROUGH BINOCULARS

Although a test of resolution
acuity might be considered less
informative physiologically than
contrast sensitivity, the ability
to see through binoculars involves
the additional parameters of the
ability to hold the field glasses
up to the eyes and to actually see
a target in the field. It is of
interest to compare such results
with the laboratory test.

Me thod

Acuity was measured using a
series of high contrast black-and-
white grid targets positioned 3700
ft from the subjects, according to
a U. S. Geodetic Survey map.
Thresholds were measured using the
method of constant stimuli. The
subjects reported whether the
gratings were horizontal or vertical.

A solid gray target, matched in mean
luminance to the gratings was used

to check that the subjects were not
guessing. The targets were 15 inches
square and subtended 8 minutes visual
angle when seen through the 7-power
binoculars. Observations were made
for short periods at the same time
each day, so that the position of the
sun on the target was constant. The
binoculars were held by the subjects
without the help of a tripod or mount,

Ten laboratory staff members
participated, wearing the goggles
over their spectacle corrections if
necessary. They wore the gogcles
in 2 counterbalanced order.

Results

Figure 3 shows the mean width in
seconds of arc of the stripe of the
threshold target seen through each of
the goggles. As the magnitude of
distortion of the goggle increases,
the size of the target threshold
increases. An analysis of variance
shows these differences to be highly
significant (p <.0l). A comparison
of the means using the Wilcoxon
matched-pairs signed-ranks test shows
that the means for the first two
goggles (20/25, 20/35) are not
significantly different from the mean
obtained with the clear goggles, but
the mean obtained with the third
goggle (20/50) is significantly
different (p <.0l) from the mean with
the clear goggles as was, of course,
the most distorting goggle.

DEPTH PERCEPTION

There is previous evidence that
distortion affects depth perception.
Schachter and Chapani55 tested the
effects of five degrees of distortion
in glass on performance on the Howard-
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Dolman test. They also tested the
effects of presenting the glass at
different angles to the line of
sight. Schachter and Chapanis
found that the most marked effects
resulted from looking through the
glass at large angles from the
perpendicular; although all the
distorting glasses degraded depth
perception to some extent, the
different degrees of distortion

did not produce systematic changes
for the lesser viewing angles. The
problem of viewing angle is relative-
ly umimportant with goggles, of
course, since the goggles are fixed
on the head. We are more concerned
with differences in perception as

a function of the degree of dis-
tortion in the glass. Schachter
and Chapanis quantified their
distortion by making a double
exposure photograph of a grid,

with and without the glass in the
light path, and it is difficult to
equate their magnitudes of dis-
tortion with ours.

Method

Stereocacuity was measured with
a three-rod Howard Dolman apparatus.
The two outer rods were fixed in
position at a distance of 6 m from
the subjects. The middle rod was
movable. These black rods subtended
.06° visual angle and were uteparated
by .72°, They were visible through
a 1.3 x 3.5° window in the dark gray
faceplate and were seen against a
white background illuminated to
about 25 fL.

Thresholds were measured with
the method of constant stimuli.
The movable rod was set at various
positions, the window of the
apparatus was opened,and the subject
judged whether the rod was closer or

farther than the fixed rods. A
frequency-of-seeing curve was drawn
on cumulative probability paper, and
the variability of the settings was
read from the plot.

Ten laboratory staff members
rarticipated. They wore the five
pairs of goggles in a couterbalanced
order.

Results

Figure 4 shows the mean variability
of the thresholds obtained through the
various goggles. There was a pro-
gressive degradation of performance
through the distorting goggles as the
amount of distortion increased. (A
plot of the localization errors, not
shown, is quite similar). The dif-~
ferences between the goggles are
highly significant, according to an
analysis of variance. The differences
between the means for the different
goggles were tested with the Wilcoxon
matched-pairs signed-rank test. The
Wilcoxon test indicated that adjacent
goggles were not significantly
different, but goggles not adjacent
were different. That is, the 20/25
goggle was not significantly worse
than the safety goggles or signifi-
cantly better than the 20/35 goggle.
However, the 20/35 goggle was signi-
ficantly worse than the safety
goggles. Similarly, the 20/50 goggle
and the 20/80 goggle were not dif-
ferent, but the 20/80 goggle was
worse than the 20/35, and the 20/50
was worse than the 20/25.

RIFLERY

In the previous investigation2
it was found that the performance of
a group of riflemer of average skill
was too variable to produce statisti-
cally significant differences wijth
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these small samples. With men of
superior 8skill, on the other hand,
performance was so reliahle that
degradations of performance were
much more evident, For that reason,
volunteers were solicited from the
superior marksmen in the company.

Only the most distorting
goggles produced a significant
degradation of performance in
the previous study. There were
two pairs of goggles in this study
which were appreciably more dis-
torting than that.

Method

This study was again carried
out on a military rifle range
immediately after the "shooting
for record" which is required
periodically for every Marine.
Each subject thus had an extended
practice period immediately before
the experiment. Each subject shot
10 rounds from the prone position
at targets 300 yards away while
wearing each of the goggles. The
men did not learn their scores
until the end of the experiment.
Half the subjects wore goggles in
order of increasing distortion
and the other half wore them in
order of decreasing distortion.

Ten men fromthe Naval Submarine
Base Marine barracks participated.

Results

Figure 5 shows the mean score
for the 10 men with each pair of
goggles. A perfect score is 50.

It is clear that these men consti-
tuted a superior group of riflemen.
Figure 5 shows that there was, in
general, a progressive decrease in
accuracy with increasing distortion.

According to the Wilcoxon Signed-
Ranks Test, the mast distorting
goggles produced results that were
significantly worse (p <.05) than

the results with the least distorting
goggles.

DISCUSSION

Goggles with four degrees of
optical distortion were produced
using low grade plastic material.
Subjects then attempted to carry out
four tasks while wearing the various
goggles. A pailr of clear, safety
goggles was used as the standard of
comparison; previous investigations
had shown that these goggles exhibited
very little optical distortion and
did not affect performance.

The magnitude of distortion was
quantified by projecting a Snellen
chart through the goggles and deter-
mining the Snellen line which could
be read. According to this procedure,
the most distorting goggles used in
the previous study allowed a mean
acuity of about 20/40. 1In the pre-
sent study, the maximum distortion
was greater and allowed a mean acuity
of only 20/80.

In the previous study, the
maximum distortion produced only one
significant degradation of perfor-
mance--in the score of a superior
group of riflemen. Although there
were degradations in the other tasks,
they did not reach statistical sig-
nificance. It was concluded, however,
that that level of distortion was on
the threshold of significant impair-
ments of performance.

In this study it was quite clear
that increasing the distortions pro-
duced a systematically increasing loss
of performance, and was enough to
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produce a significant degradation
in every task; three of the four
tasks were significantly impaired
with less distortion, With the
present subjects, one task, depth
perception, was impaired by the
goggles which allowed an acuity of
20/35, It appears, then, that the
maximum allowable distortion, as
presently defined, should be that
which allows a Snellen acuith of
20/30.

This magnitude of distortion
is, in fact, considerable. Of the
dozen goggles tested previously,
only three exhibited poor optical
quality of this magnitude. Most
were much better. In specifying
this degree of distortion as the
maximum allowable, the basis is
simply the degree of impairment in

a series of tasks, each of which has

been carried out over a very short
period of time. This, indeed,
represents a maximum degree of
permissible distortion, for the
present results do not take into
consideration the possibility that
much smaller amounts of distortion

might, over a longer period of time,

produce significant impairments in
performance. A level of distortion
which allows an individual to suc-

cessfully perform a visual task may,

however, produce an impairment over
an extended period of time. There
is little evidence that feelings

of fatigue are typically accompanied

by impairments of performance,6-11l

but there has apparently been no

study of whether or not optical dis-
tortions lead to complaints of visual

fatigque.

11

1.

REFERENCES

Luria, S, Mu, D, Fi Neri, J.A. S.
Kinney, and H. M. Paulson. Cold
weather goggles: I. Optical
evaluation. NSMRL Rep. No, 9270,
Jan 1982,

Cold Weather Goggles:
NSMRL

Luria, S. M.
II. Performance evaluation.
Rep. No. 978, Mar 1982,

Wulfeck, J. W., A. Weisz, and M.
W. Raben. Vision in Military
Aviation. WADC Tech. Rep. 58-399,
Wright-Patterson Air Force Base,
Ohio, Nov 1958, p 171.

Ginsburg, A.P. Proposed new vision
standards for the 1980's and
beyond: contrast sensitivity.
AFAMRL-TR-80-121, Wright-Patterson
Air Force Base, Ohio, Sep 198l.

Schachter, S. and A. Chapanis.
Distortion in glass and its effect
on depth perception. USAF, Air
Tech. Service Command, Engrg. Div,
Aero Med Lab Rep. AD-074751, Apr
1945.

Weber, R. A. Ocular fatigue, Arch
Ophthalmol. 43, 257-264, 1950.

Luckiesh, M. Oéular fatigue and
visual function. Southern Optome-

" trist 7,14, 1954,

Dubois-Poulsen, A. Visual fatique.
Arch Med Prof 22, 405, 1961.

McFarland, R. A., A.H. Holway, and
L. M. Hurvich. Studies of visual
fatigue. Boston, Harvard Graduate
School of Business Adminstration,
1942.



10. 3artley, S. H.ad Z. Chute.
Fatique and Impairmart in Man,

New York: MoGuew-Hill, 1947,

11, Carmlchdel, L. and W. F. Dear-
born. Readanc and Visual
Fatique. Boston: Houghton~
Mif£lin, 19247,

LR SN R AR

- N

.
LN I T )
ERTATARAERENONE B

hd -

12




UNCIASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Da:s Entersd)

REPORT DOCUMENTAT!'ON PAGE

READ INSTRUCTIONS
DBEFORE COMPLETING FORM

1 REPORT NUMBER
NSMRL Report No. 998 AD

)]

2 COVT ACCESSION NO.| 3 RECIPIENT'S CATALGG NUMBER

A T7657Y

e r—

4 TITLE rand Subtitle)

of optical duistorticn

COLD WEATHER GOGGLEZ: V. Acceptable limits

5 TvyeL OF REPORT & PERIOD COVERE"D

Inyrecim report
6 PERFORMING C.RG. REPORT NUMBER

NSMRL Rep. No. 998

7. AUTHOR(s)

s, M. 1urra and R. RODRIGULEZ

8 CONTRACT OR GRANT NUMBER(s)

9 PERFORMING ORGANIZATION NAME AND »~ODRESS

Naval Submarine Medical Reseatch Laboratory
Naval Submarine Base New Londoa

Groton, Connecticut 06349

13 PROGRAM ELEMENY, PROJECT, TASK
AREA & WORK UNIT MUMBERS

63706N M0095.001-1040

11, CONTROLLING OFFJCE NAME AND ADDRESS

Naval Submarine Medical Research Laboratory
Naval Submarine Base New London

Groton, Connecticut 06249

12 REPORT DATE

11 Apr 1983
13. NUMBER OF PAGES

12

14 MONITORING AGENCY NAME A ADORESS(H diffsrent from Controlling Office) 15. SECURITY CLASS. (of *hia report)
Naval Medical Research and Development Command
Haval Medical Command, National Capital Region
Bethesda, Maryland 20814

UNCLASSIFIED
15a. DRCL ASSIFICATION/ DOWNGRADING
SCHEQULE

’ .

i
d v
IR PR AL

16 DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIZFUTION STATEMENT (of the abatract entered In Block 20, if diffezent from Report)

18, SUPPLEMENTARY NOTES

La# 2 i i
W-' PP
> ~ A& Pad¢ wonk oyt

19 MEY WORDS (Continue on reverse aide if 1:ecessary and identify by block number)

*

X

- Vision; optical distortion; visual performance; visual protection

2

o -~

P;:

sl,

o . 20 AASTRACT (Continue on reverse side if necessary and identity by dlock nuunber)

k- Cuntrast sensitivity, acuity through binoculars, depth perception, and riflery
.:: «ere measured as subjects looked through goggles with various degrees of optical
i distortion. The amount of distortion necessary to produce a statistically

sign: ficant deygradation of performance was determined for each task in order
to specify the maximum allowable optical distortion in goggles. The degree of
distortion wus quantified by projecting a Snellen chart through the goggles
and determining the Srellen line which could then be read. By this criterion,

it e

M

wyti e S M Yy

DD ,’_;2:";, 1473  £01Ti0w OF 1 NOV 85 1§ DBSOLETE
S/N 0102-014-6601

UNCLASSIPIRD
SECURITY CLAGSIFICATION OF THI3 PAGE (Whan Data Brieved




UNCLASSIFTED

SLLURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

20. continued: the maximum permissible distortion is that which degrades
acuity from 20/20 to the 20/30 line.

-
RN AR

PN

’

« «
ERY AT SCE Wy

£

2

aty
o

NI
At

Coll e N e
Rt M
hoelas

L

i
e
f

LI R I

e
A
Vems

&

[y e 4
L]
D EY

¥

va
o

W W
A

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




