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ABSTRACT

T~ Day sights which are purposefully or inadvertently irradiated
with laser radiation may become nonfunctional due to cracking or
crazing of the optical glass. The degree of performance degradation
may be related to the amount of damage t¢ the glass and possible flash
blindness from reradiation. Thirty-two male enlisted men and officers
tracked a mcale model tank through a constant arc at a simulated

: distance of 1 km, using a laboratory construct+d viscous-damped
tracking device. There were four crazing groups (4 men/group) under
bright and dim ambient 1light conditions for a total of eight groups.

. Rach man tracked the target during three flash/crazing and three
crazing only trlials, which were randomly presented during 30 triale.
The mimulated countermeasure which included the flash and crasing had
dramatlc effecta on tracking performance, even under daylight
oconditions. Under the most severe degree cf orasing, tracking
performance was not posuible under either ambient 1ight condition.
The relatively small amounts of laser radlation used to crage the BK-7
glass used in this study, whioh lead to significant performance
decrements, demonstrates the potential impact of flash/crazing effects

on operators of day sighta. tuamwjﬁ: PUJSWH '(m‘k'“;‘k' Clazed thc‘s.
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FLASH/CRAZING KFFECTS ON SIMULATOR PURSUIT TRACKING DKRFORMANCE
Stamper et al

' Operators of milltary weapon systems which include magnifying

optles play a critical rols In the success of each mlsslon of a
K battleflield combdat unit. Thase soldlers are prlimary targets for
) countermeasureas. This La esspeclally true for operators of acstive
devices puch as laser rangefinder/designators, which emit a signal
) which the enemy can use to detect these systems. Included among the
b possible countermeasures that overators of these systems may encounter
is exposure to high energy infrared laser radiation.

: The US mllitarv has evaluated (1) a tactlcal CO, laser system of
nedlum 1ntenslty il.e., the Close Combat Lasmer Anaault Weapon (C-
CLAW) The intended purpose for C~NLAW wae to damage light sensitlive
electronlo sensors. While a C-Claw type system would be out of band
to most direot view optice, Lt could also produce sufficient heating
o on the surface of the optics to cause crazing and oracking. Among
i other reasons which led to the cancellation of the C~CLAW program was
i the extensive media coverage which noted the possibllity that this
system could also damage soldiers' eyes. We can not assume than our
} enemy will be subject to the same pressures whlch caumed our C-CLAW
program to be cancelled.

5 The results of an exposure to the eyes from a C=-CLAW typs weapon
K range from flash blindnesas to frank corneal damage. To the soldier,
the results of such an injury would In the most severe cases be
painful and debilitating.

Previous work by 0'Mara et al. (2) studled the effects of full
fleld flashes (approximately 11 %) of lnooherent light on a laboratory
! simulated pursuit tracking task. Tn that study (2) a Vivatar
. photoflash unit was uaed to produce a single 170 8, 538 nm (green),
X flash. The flaah produced signiflcant Ilncreanses in atandard deviutlon
(5D) alming error ilong both thr horizmontal and vertical axes whan the
poatflash scores were compared wlth the basellne tracking rates, These
dlfferences were signiflicantly greater under a dim ambiant 1llphting
conditlon. The average tlme to return to "normal performance”
followlng the flash under the bright light conditlon waas 2,53 seconds
Under the dim amblent light condition Lt was not poasible to measure
the maximum excursion of the error or complets recovery to preflash
tracklng rates due to llimltations of the aystem. However, the time to
rescquire a one milliradlan (mrad) square target was determined to be
approximately 7 seconds. These findings, for a slngle flash well
below the maxilmum permissible expomure laevel (MPE), demonstrate the
posslible advurse effects that such an exposure could have on tracking
parformancs and how this effect wouldl be enhanced in a dawn/dusk
scenarlo.
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g

The targets for a C-CLAW type system lnclude not only magnifying
optles, but windascreens of aircraft. Structural damage to these
materlals (i.e., usually quartz, BK-7 glass, and polycarbonate
laminates) include meltling, fracturing, vaporizing, crazing, and the
injuctlion of thermal stress. The structural damage to the windscreens
or the collecting optica of daysights range from a slight amount of
crazing to severe crazing and fracturlng of the rlass., The exact type \
and amount of damage dispendn upon a complex Interaction which hns been
discussed In other work (3). The degree of damage to the optics is
related to the parameters of the laser, atmozpheric effects, and the
phynlenl propertias of khe oph] o,

Nemske und Bell (4) evaluated the effects of Infrared luser
radlation on several glass and polycarbonate materials. Included in
their report (4) is & flve category classiflicatlon of srazlng effects
whloh extend from slight to severe. Thia olasalflecation effectlvely
covers a range of structural damage which extends from a slight
swelling of the material to catastrophlec cracking, swelling, and
crazing due to surface ablation durlng the rapld heatilng and cooling
process,

While studles have been conducted 4o determine the lnteraction of
high energy laser radiation with optical materlals (3), no systematic
effort has been Inltlated to evaluate the effects of erazing on the
soldier's ablllty to perform a mllitary task. The present study
assessod the effecta of three levels of crazing on simulator pursult
tracking performance,

METHODS

Volunteers. Thirty-two experimentally nalve enliated men and
officers (ages 18 to 3%), from the Letterman Army Instltute of
Research, served as particlipants for this study. All of the
volunteers had 20/20 vlsual acuity (or corrected to 20/20 vlsmal
aculty), nnrmal color vlsion, and normal dark adaptntion as measured
by the Snellen Acuity Test (5), the Farnaworth Dichotomous Test (D-15)
for colorblindnena (6), and the Letterman Army Instltute of Resenrch
Dark Adaptometer (7), respectively.

| 2

[k

T

Apparatua. All tracking trlala were conducted ln the BLASER
tracking simulator. This system ls descrlhed by Stamper et al. (8).
Brlefly, the simulator Includes a laboratory constructed viscous-
damped designator tracklng device that la mounted in a sandhag bunker.
The trackling devlice contains n nerles of mechanical and optlcal
anhaneements which provides n tracking seconarlo wlth 4 slmulated range
of one kllometer, A acules model Waranw Pact T=62 tank maves ln n
fixed arc and nt a constant angular veloclty of % mrad/sec. An
infrared tolevislion camera, mounted coaxlully with the trackling
opticas, Images an infrarad llght-enmltting dinde Ln the conter of an
alming patch located at the center of mass of the target. Thils
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. Stamper et al - 3

signal, which is invisible to the opermtor, provides a refarunce point
) for a microprocessor and aasoclated saoftware to measure elaectronically
’ the accuracy of performance. The maxlmum range of the system is §
J mrad for the horlzontal axis and 2 mrad for the vertical axis.

To conduct this work two modiflcations were made to the haslc
system described (8), First, a Vivatar 124 photoflash unlt was
mounted in the designator and served as the flash source. A beamn
splitter directsd the flash into the eye. A yellow Wratten No. 4
fllter was placed over the output of the photoflash unit. This was
done to produce a yellow flash similar in color to that observed
earlier in our laboratory using a C0O, laser to craze clear glass.

e .

A spring-driven actuator was mounted on the designator to
rapidly insert a plece of BK-7 glass in front of the objective lens of
the designator telescope. The insertion time was approximately 1 msa
and was synchronized with the flashlamp. The inveatlgator could
initlate the insertion of the window at any time during a trial. Four
interchangeble pleces of BK-7 glass (three orazed pleces and one clear
plece) could be mounted on the actuator, one at a time, for insertlion.
Immedlntely after each flash and craving trisl, or crasing only trial,
the glass to be used during the next countermeasure trlial was
exchanged for the ono that wua just used.

<

>

e

T
3

» o o

Three 2x2 ineh (5.8 x 5.8 om) plecea of BK-7 glass, which had
been lrradlated with a laser at 10.6 mlcrons, were obtained from the
Directed Energy Directorate at Redstone Arsenal from contractual work
conducted by Avco Evenett Research Corporation. The doalmetry for the
four windows is presented in Table 1.

e Tae s

The damage to these pleces of glass was rated sccording to the
Damnge Classificatlon Deseriptions reported by Demske und Bell, (4).
This classifiocation system presenta flve damage modes ranglng from |
to 5, wlith Number 5 belng the mont severe, One of the three pleces
approxlmated Damage Mode 2, and the remaining two Damage Mode 3-4.
Despltes the larger amount of total energy that wia used to damage the
: Mode 3-4(a) plece of glaas, thls plese showed less damage than did the
one labled Mode 3-4(b), The fourth clear piece of BK-7 glass was
undamaged and scerved aa the contrnl for the other 5 plecen.
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4 - Stamper et al

TABLE 1 LASER DOSIMETRY
Pulsed CO, laser - 10.6 microns - 15 us/pulse

- — -

Damage Exposure Radlant Expoaure
Level Conditlon (Tnergy/pulae)

e - _-— ewm-

Undamaged (Control) - -

Damage Mode 2 1 pulse=10 Hz 4.0 J/emd '
Damage Mode 3-4(a) 2 pulses-10 Hz 4.0 J/om?
Damage Mode 3=4(b) 2 pulsas=10 Hn 2.5 J/cm2

- s v e g o eem — A= —-m o e mea - e et o dnyo——

Demske and Bell (4) characterized Damage Mode 2 as followst
"swollen-glassy appearance; partial or marginal volatillzation; loss
in visibllity." Thay describe Damage Mode 4 as "Partial ablation with
loss in visibility over moat of the irradiated area, Melting and
wvarping, softening and 'glassy' appearance over all of irradlated area
not translucent.” ¥®lgure t, A-D presents the vlew of a sczene taken
through the four pleces of BK-7 glasa. Some oropping seen at the
edges of the plctures was due to the presence of the mounting plate
and was not attributable to the crazing of the glass.
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Figure 1(A). Undamaged glass.
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Figure 1(8B). Damage Mode 2,
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Figure 1{C). Damage Mode 3-4(a).
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Figure 1{D). Damage Mode 3-4(b).
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) Within the BLASER syatem duration and intensity calibrations ware
B obtained for the flash as viewed from the designator eyapiece, The o
flash duration was 170 s, The flash radiance was adjusted In e
accordance with the guidelines established in TB=MED 279 to insure v
that retinal exposure was held within the a%ceptable pafe limits. The -
measured radiance at the oye was 0.10 J/cm® sr, which was 1/5 of the .

~
S

e, Maximum Permissible Exposure (MPE).
) U
" Tracking performance data were collected under two amblent light
Q conditions, The dim amblent light condition was nreated by inserting ,
a 2.7 0D neutral denslty filter ln the optical pathway of the tracking
) device. The terrain luminance was measured with a Spectra Minispot
] Photometer. The average luminanos Et the objaective of the the lens of
W the Braeking device was 250 lm/mc with the fllter removed and 0.8
{2 1m/mc with the fllter In place. No 1llght from the terrain entered the
A bunker except through the eyeplece of the tracking device optiocs.
' During the dim amblent llght trialas the bunker 1light was turned off L
y and the trackers mat in the memi-darkened bunker for approximately 10
et minutes to allow thelr eyes to adjust to the low amblent light level. %ﬁ
s S
ﬁ Procedure. Followlng thelr ophthalmic examination, a brief ?ﬁ
W question and anawaer period was cnnducted where the purposs of the ‘@
wf study was explalned %o each volunteer, The volunteers were then ﬁﬁ
alternately assianed to one of the two amblent light conditions (l.e., i
u bright or dim). They were then randomly assigned in an exhaustive L,
) sequence to one of the four orawing groups. REach tracker was assigned 33
b to only one light level/crazing condlitlon. 'fé
V! LAY
e To begin the study, all volunteers received two days of tralning g:
that followed u mnssed/distrvlbuted format. This schedule has been '
2 used extenslvely in the BLASER simulator and has been shown to provide e
o stable tracking performance (9,10). The first tralning day conslsted a}
. of twenty-two 1-minute trlala. FEleven of these trials wera condustad Eg;
$- under the bright amblent light condition «nd aleven und:ir the dln ig;
"y ambient light condltion. The second tralning day conslated of thirty- b
: two, 15=second trials. Again, half the trials were performed under —
- the bright amblent llght conditlon and half under the dim amblent o
X lilght condltion. r;
J n, \
! The teat day conslsted of thirty-filve, 15 second triala. The L
L trackers performed all 35 triale under thelr assigned ambient 1llght P
M group. Six countermeasure trials wers presented during the flrst 30 LN
=~ of the 35 total trlals. Thn flash presentation arder was distributed —
o across the 30 trials at a rate of one/five trimls. Wlthin each block ey
L of filve trinls the flash trialas were randomly prezented, but to aveld Rﬁ
ﬂ possible confoundling nffects euch flash trial was fnllowed by at least %ﬂ
W one no flash trial. The first three of those countermeasure trinls ;*
. preaented durlng the firat fifteen trlals werec "flash and crazing” ¢
trials,  That la, they -ontalnad o flagh sand slmultuneoun lnsertlon of s
{: ona of the piscen of HK-7 gluss, The wuecond uvot of threws \?
I \:.
z En:i
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Stamper et al - 13

countermeasure trials that were presented during trialas sixteen to

thirty were "orazing only" trials with no flash., The remalning 5 -
trlals, 31 through 35, were performed with the orazed optics in place ?ﬁy
for the entlre trisl (These trials were dealrned to anawer the 2
question, "If a soldler found a damaged sight, could it be used St

effectively?”) These trials wlll not be discussed Ln detail during
thls report, but the results paralleled the findings for each lens
found during the flrat %0 trials for each tracker.

The tracklng sessions began with the crosshairs allgned on the
target patch and the target on the left alde of the terraln bcard.
Bach trial was initiated with the commands "READY" and "G0". After
sach trial the volunteers were lnstructed to "RELAX" untll the next
"READY" command. Tollowing each trial the trackers were given summary
statiatics (percent tlme-on-target and standard desviation scores) for
that trinl. All volunteers tracked In both directlons (left-to-right
and right-to-left), alternately. The investigator lnitiated the
countermeasure event % to 5 seconds after the operator began tracking.
(All countermeasure trials were tracked in tha loft-to-rlght
direction).

Statistical Preasentation. Ramsed on earlier BLASER simulator
studles whlch have shown the predominant horigontal nature of thls
tracking task (9,10), we will present only the results for the
horizontal error mcores. The two dependent measuraes used to desaribe
the results of this study are: maximum horizontal tracking error for
each trial, and time to reacquire the target after the countermsasure
event, Both of those measures are related to the amount of
disturbance oreated by the countermeasure and both are known from
previous studies, to be very low and stable under normal tracking
conditions (11).

RBESULTS
Nurling the data reduction process L1t was discovered that data for

three of the trackers was Invalld due to hardware problems which led
to spurlous data. These data were deleted and the results are based

on N=29,

Maximum Horiszontal Error: Flash + Crazing. The maximum pad
horizontal error scorass are lllustrated in Figure 2, A-D. Thls figure L}p,
presents the percent of observations which fall Into four categories '?Fi
of maximum horizontal error: O-1 mrad; 1-2 mrad; 2-3 mrad; and greater ‘:Qc
than 3 mrad (L.e., beyond the limitse of the system). Tigure 2, A and i}[
B (flash and crazlng trials), shows that tracklng errors for the
control window under both amblent llght conditions were generally 2 e
mrad or larger. During the bright light trlals the maximum error for t”'
the undamaged, Mnde 2, and Mode %-4(a) groups wera fairly evenly .
dlstributed across the four rangss of maximum error. However, with t\:
the Mode 3-4(b) lens, all errora were larger than 3 mrad. This was oy
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o also true for the Mode 3-4(b) group under the dim light condition.
e Comparlison of the maxlmum error scores between the bright and dim
¥ light conditions ilndicated that the dim llght error rates were
" generally larger. In fact, under the dim ambient 1ight condition

except for the clear glass, there was only one instance of an operator
reacquiring the target after the countermeasure (i.e., Mode 2). Under
the dilm llght wlth any of the crazed pleces of glaas most of the
obpervatlons were greater than 3 mrad.

Maxinun Horisontal Error: Cwrazing Only. !or tho oragzing only
trials (Plgure 2, ¢ and D), the maximum %tracking ervor wuaa
substantlally lower than the flash and crazing scores under both light
levels, During the bright light the pattern of maximum error scores
) for the Mode 2 and Mode 3-4(a) pleces was hlghly similar to the
undamaged (control) glass, For these threo groups the majority of the
maximum error scores were found to be less than 1 mrad, However, as
with the flash and orazing trials no recovery was found when the Mode
3-4(b) glass was used under elther 1ight conditlon. Under dim llght
the distrlbutlon of error scorea for the undamaged glass was similar

iy (<1 mrad) to the bright light trials where this place was used. The

A maxlmum error scores for the Mode 2 and Mode 3-4(a) pleces were alike
i under dlm light. Tho scores were distributed relatlvely evenly across
\ all error ranscos.

Reacquisltion Time: Flash + Crasing. The reacqusition tilmes
(time to reacynlre the target patch) are summarized Ln Figure 3.
Thease data reprasent the percent of observatlons whlich fall lnto Flve
categorles of reacquisition time: 0-2 gaconda; 2«1 meconds; 4«6
seconda; 6-8 seconds; and, >8 neconda. For the bright llght flash and
crazlng trials (Flgure 3, A) reacquisltion times using the Undamaged,
Mode 2, and Mode 3-4(a) plecas were allke, but dLfferent from the Mode
3-4(b) reacqulsltion times. Whlle the times for the Undamaged, MWode
2, and Mode 3-4(a) were generally less than 6 sec, the Mode 3~4(b)
N group never reacquired the target. This was also true for the Mode 3-
9 4(b) trackers under dim 1llght (Figure 3, B).

SV Ay

. A different dlstribution of reacquisltlon times lu sson when the
X dim llght control ls compared wlth the bright llght control data.
Under the dim 'lght condition the reacquisitlon times were, wlth one
exceptlon, 4 seconds or longer sa opposed to the hright llght trials
. wheore they were generally 4 seconds or less. The rasoqulsition tlmes
) for the dim 1lght condition were conslstently longer under dim llight

than undor bright 1lght for a1:h lavel of orazing. TPurther, under dim
[ light, reacquisltlinn never occurred aftar the countermeasurs gvent
o when any of the three crazed lenses ware lnsarted,
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Reacquisition Time: Crazing Only. The reacquisition times for the
crazing only countermeasure (Figure 3, € and D) presented a pattern of
scores that differed from the flash-and-crazine countermeasure. l!nder
the. bright lizht condition, 4ith the exception of one score (Damage
Mode ?), the Controi Group, Mode ?, and Mode 3-4{a) reacquisition
times were all less than 2 seconds. The Mode 3-4{b) reacquisition
scores were all in excess of 8 seconds indicating that thev never saw
the target again. That was also true for Mode 3-4(b) acores under the
dim ambient light level.

While the control group reacquisition scores under the dim light
condition were nearly identical to the bright light Control Group,
under the dim 1.ght condition, the Mode 2 and Mode 3-4(a) lenses did
effect reacquisition times. This Is shown by the appearance of scores
in several scoring categories from 2 to 8 sec.

DISCUSSION

The results of this study indicate that the combdbined effects of
this simulated countermeasure which includes flash and crazing can
have a very dramatic effect on tracking performance, even under
daylight conditions. Comparison of the flash-and-crazing trials with
the crazing only trials provides information concerning the relative
contribution of the flash and each piece of crazed optic. During all
bright 1ight flash trials maximum error scores generally increased.
In some cases the excursions were larger than 5 mrad. However, when
the first two crazing levels were compared to the clear glass, the
amount of change was the same. It was not until the Damage Mode 3-
4(b) was encountered that an additional decrease in tracking
performance was seen. When the Damage Mode 3-4(b) lens was
encountered, tracking performance was no longer possible. Thls was
true for both ambient light conditions. The crazing only trials
support this observation since the maximum error scores did not change
until the most severe level of crazing was encountered.

The reacquisition time scores are in accord witii *he results of
the maximum error data. These datn show that once the flasn was over,
the time necded to reacauire the target Lthroupgh clear #laas, Damape
Mode 2, and Damage Mode 3-4(a) lenses wns approximately the name.
When the desree of crazine represented the damage Mode 3-4(b) was
reached, the abdility to track ceased. Together, these findings
indicate that under bdright ambient light conditions, tracking
performance was not severely effected by the increases in crazing
represented by damage Mode 2 and 3-4(a). Yowever, with damage Mode 3-
4(b), tracking was no longer possible.

The trials conducted under dim ambient light conditions vielded a
different pattern of scores. The strong effect of the flash
fuund in the earlier study by O'Mara et al (2) was again found during
these trials. Zven with the clear glass, maximum error scores were
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; generally larger than 2 mrad. During the dim light triala where the

Y crazed optics were introduced, with one exception, all error scores

! were larger than 3 mrad. The reacqusltlion tlmes supported thls
finding In that nll scoresa for trinls where craned optlcs wero usaed
were greater {han 8 secondo (L.e., thev never rencqulred the tarput).

The contrlbution of crazing to this dramatic effect can be

¥ determined by comparing the crazing only trials wlith the trlals where
the flash was used, Maxlmum error scores during dim amblent light
9 trials where orazine only wan usad, Indicated that the first two ,

levels of damnged lenses dld have an adverse effect on tracking
performance. When the Mode 2 and Mode 3-4(a) maximum error scores
were ccmpared to the scores for the control group, lnereases In the
number of larger errors are sasen. The pattern of the reacquisitlon
times for the dim ambdlent light, no flash trlals is almost identlcal
to these maximum error scores. When trackers were asked to perform
* under conditlions where the visual syatem la already near the limlta of
ites ablllty, the added effects of crazing can be seen.

A ™

From the above observatlons ls 1t apparent that operators of
' vlsual tracking systems may be vulnerable durlng brlght and dim
p' amblent light conditions. During bright ambient light the effects of
the flash seaem to predominate until a threshold level of crazing ls
reached. Beyond thls crazing level, the added effect of the flash
d becomes inconseouential with respect to decrements LIn tracking
9 performance. These trlals were performed in an uncluttered
environment with a moving target. The effects of theme levels of
crazing on a detectlon task in a more cluttered environment may
produce performance decrementa. But ln this tracking exerclse where
high spatlal rosolutlon ls not crltleal, a threshold effect waa found,
nnd whon Lt wan renached, the trackors could not continue.

Tracklng wase severely affected by the flash and crazing avent
under dim lighte All three experimental levels of crazina combined
wlth a flash produced maximal disruptlon of tracklng and
reacquisitlion. In a combat situatlon where the eye has become
acenatomed to dim llght, the reradiation effects can he expected to be
dramatle and anv degree of arazing which followa wlll severely reduce
the 1lkellhood of completlng the misslon.

CONCLUSIONS AND RECOMMENDATIONS
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A important next step In this llne of research ls to characterlze
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ftect on vialon.

crazed optlecs wlth a metrlc thut provides an Index of the modulation :}23
of spatial frequenclem by the optlns. Such a metrlec would allow K':
pronlse sanllnpg between levels of crazning In terms of the optlsal n}J
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