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ABSTRACT

Visual cues such as borders are important to a pursuit
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Pursuit Tracking Performance With and Without a Fixed Aiming
Point in the Presence of Laser Ocular Filters.

Lasers have become increasingly more important or ti,
battlefield. Laser developments in anti-armor warfare havc
included the neodymium laser rangefinder, ruby rangefinder and
designators whose reflected light guide projectiles to their
designated targets. Belkin (1) statzi that the presence of
these and other laser battlefield weapon systems would rikc
the probability of ocular injury high.

The problem of ocular injury is greatly increased for
soldiers who use magnifying optics (e.g. tank gunners, TO.
missile operators). Because of the focusing properties of tnc
magnifying optics and of the eye itself, the energy deposit .~:i
will increase by a factor equal to the square of the magni-
ing optics. The consequences of the exposure to a laser sourt
can range from a brief loss of visual scene to a vitreou2
hemorrhage. To reduce the probability of such an event, thi
problem is being evaluated from several points of view inciad-
ing tactics, doctrine, and laser ocular protection.

One of the approaches currently being considered is thc>
use of laser ocular filters. While such filters might off j

the protection necessary, they also may degrade vision. In i-
earlier report, Stamper et al (2) evaluated the effect c:
laser protective filters on simulated pursuit tracking per-
formance. Wnile this report did provide useful information
concerning the effects of these filters on tracking perform-
ance some readers expressed concern because of the high
contrast aiming patch affixed to the target vehicle. This
study addresses that issue. Specifically, we investigated
the effects of a high contrast aiming patch on pursuit track-
ing performance in the presence of the laser ocular protective
materials used in the earlier Stamper et al study (2). The
null hypothesis is that the presence or absence of the aiminc,
patch will have no effect on pursuit tracking performance.

METHODS

Volunteers. Nine male volunteers ranging in age from 18
to 30 years, from the Letterman Army Institute of Research,
Presidio of San Francisco, CA served as participants. Only
volunteers with a 20/20 visual acuity, corrected or uncorrect-
ed, and normal dark adaptation function were accepted for this
study. Each volunteer was given a Volunteer Agreement/Privacy
Act Statement to read and sign.
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Apparatus. Pursuit tracking perfo.rmance was evaluateu
with the BLASER tracking simulator. This simulator consisted
of a scale model T-62 Russian tank target on a terrain board
and a full-sized sandbag bunker which housed a viscous-damped
optical tracking device. The track-mounted tank was drive!
across the terrain in either one of two directions (left-to-
right or right-to-left) and traversed An arc located approxi-
mately 5 m from the operator. The target traveled across t.-
terrain for 15 sec at a constant angular velocity oF
mrad/sec. The unity power optics located in the trackir.
device simulated a distance of 1 km. Affixed to one side
the tank at the center of mass was a 2.6 cm (1 in)sql
aiming patch which subtended a visual angle of 5 mrad at tr
eye. The aiming patch contained an infrared light-emit>-.
diode (IR LED) in the center that was imaged by a televisic
camera mounted coaxially with the optics of the trackii.
device. Its signal provided a reference source for the micro-
processor and associated software to monitor performan
electronically, but it was invisible to the operator.

Tracking performance data were collected under two ambi-
ent light conditions: bright and dawn/dusk. The dawn/dusri
condition was created by inserting a 2.7 OD neutral densit,
filter in the optical pathway of the tracking device. The
terrain luminance was measured with a Spectra Minispot
Photometer. The average luminance at the objective of the
iens was 261 nits with the filter removed and was calculatcu6
to be 0.8 nits with the filter in place. No light from the
terrain entered the bunker except through the tracking device
optics. During the bright ambient light condition the lumi
nance inside the bunker was 5.0 nits; the bunker light wa.-
turned off during the low light conditions. During th.,
dawn/dusk ambient light condition, the volunteers sat in the
darkened bunker for approximately 10 min to allow their eyes
to adjust to a light level that approximated dawn/dusk. More
complete descriptions of the BLASER system are included in
reports by O'Mara et al. (3) and Stamper et al. (2).

Procedure. After a brief question and answer period each
volunteer was asked to participate. To begin the study, the
volunteer was seated in the bunk'r so that he could comfort-
ably view the terrain through the monocular tracking sight.
Each tracking session started with the target on the left side
of the terrain board. The trials were initiated by the com-
mands "READY", "GO". After the trial the volunteers were
instructed to "RELAX" until the next "READY" command. At this
time, they were given their summary statistics (percent time-
on-target and standard deviation score) for that trial. All
volunteers tracked in both directions (left-to-right and
right-to-left).
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Training. The volunteers received 3 days of training
prior to the test days. The first training day consisted of
twenty-two 1-min trials, half under the bright ambient light
condition and half under the dawn/dusk ambient light condi-
tion. The second and third training days were composed of
thirty-two 15-sec trials, again half under each ambient light
condition. Day 3 differed from Day 2 in that the volunteers
were required to track the tank without the 5 mrad target
patch mounted on the side.

Test Day. All volunteers received two test days. Each
test day consisted of forty 15-sec trials, half under the
bright ambient light condition and half under the dawn/dusk
ambient light condition. The presentation order of the tanks
was randomized in an exhaustive sequence so that half the
volunteers tracked the tank with the aiming patch on the first
test day and half the volunteers tracked the tank without the
aiming patch. The lighting conditions were counterbalanced so
that half the volunteers started in the bright light condition
and half started in the dawn/dusk light condition.

Filters. For comparison purposes four of the five fil-
ters used in the earlier report (2) were also used in this
study. There were four filter conditions for each light level
which yielded a design that required 5 trials/filter/light
level on each test day. The four filters used were: l)Filter
1: 3mm thickness of KG-3 glass, 2)Filter 2: 3mm of KG-3 glass
with a ruby laser multilayer dielectric refractive coating,
3)Filter 3: 3mm thickness of BG-18 glass, and 4)Filter 4: 3mm
thickness of clear glass. The order of the filters was also
randomized in an exhaustive sequence.

Test Scores, Statistical Analysis & Design. Horizontal
and vertical Standard Deviation (SD) error scores which indi-
cate the variability around a predetermined aiming point were
collected with the BLASER simulator. The horizontal SD error
scores were used in the Analysis of Variance (ANOVA) to evalu-
ate tracking performance. SD error scores were computed from
the following equation:

SD=(ZX - (2X)2/N)1/2

The vertical SD error scores were highly similar but uniformly
lower than the horizontal scores. For brevity, only the hori-
zontal SD scores were presented in this report. ANOVA's were
computed on the SD scores comparing trials with and without
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the aiming patch and each of the four filter conditions.
A three-way ANOVA was computed on the entire data set of

the horizontal error scores to provide a basis for comparin,
these data to the earlier Stamper et al study (2). The three
factors were: A(bright vs din light) X B(target vs no-target)
X C(filters 1-4) . Based on the findinqs of that ANOVA two
follow-up two-way ANOVAs were run in Iuding the factors. nf
A(target vs no-target) X B(filters 1-4). One ANOVA was compu.
ed for each ambient light level. The ANOVAs were performre
with BMDP Statistical Software program 2V (5). The 0.05 1evpl
of confidence was used for determining significance in al...
cases. The Least Significant Differences (LSD) test was usCA:
for the post hoc comparisons (6).

RESULTS

Figures 1 and 2 present the horizontal SD error scores
for the four filters under bright and dawn/dusk ambient li t
levels respectively. Inspection among the four filter condi-
tions in Fig 1 showed almost no difference among the filter:,
with or without the aiming patch. As shown in Fig 2 the errc:
scores recorded under dawn/dusk conditions were at least twice
as large as those recorded under the bright light conditions;
in the case of filters 2 and 3 the difference between condi-
tions was even larger. The 3-way ANOVA of these data showed a
highly significant main effect for ambient light level (Mean
Square (MS)= 34.6, df=l; MS.Error= 0.31, df=8; F= 112.87, p<
0.001) and a significant ambient light level by filter inter-
action (MS= 0.55, df=3; MS Error= 0.05, df=24; F= 10.29, p<
0.01).

The results of the 2-way ANOVA for the bright light
condition showed no significant differences for absence c:
presence of the aiming patch or filters. For the dawn/dusk
trials the ANOVA showed the effect of filters to be highly
significant (MS= 0.63, df=3; MS Error= 0.03, df=24; F=23.43,
p< 0.001). Post hoc LSD tests indicated that when the SD
scores for aiming patch vs no aiming patch for each of the
filters were compared, no significant differences were found.
However, both sets of scores for filter 3 and the no aiming
patch scores for filter 2 were significantly higher than the
scores for the other filter conditions. The summary of the
post hoc tests are listed in Table 1.
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TABLE I

No Patch Aiming Patch Aiming Patch No Patch Aiming Patch No Patch No Patch Aiming Pt,,

Filter 1 Filter 1 Fitter 4 Filter 4 Fitter 2 Fitter 2 Fitter 3 Filter 3

No Patch 0 NS NS NS NS ** ** **

Filter 1

Aiing Patch 0 NS NS NS MS ** **

Fitter I

Aiming Patch 0 NS NS NS NS **

Fitter 4

No Patch NS NS NS **

Fitter 4

Aiming Patch 0 NS NS **

Filter 2

No Patch 0S **

Filter 2

No Patch 0
Fitter 3

Aiming Patch 0

Filter 3

NS - not statistically significant

** - statistically significant

For comparison purposes the SD scores from the earlier
Stamper et al (2) report for the same four filter conditions
were included with the scores from the present study and
presented in Figs 3 and 4. For the bright light trials (Fig
3) there was good agreement between the two studies and the
2-way ANOVA indicated no significant effect among the filters
or the target/no target groups. However, under the dawn/dusk
condition (Fig 4) a similar pattern of scores to those in Fig
2 is seen. The only exception is the even larger error for
filter 3. The ANOVA indicated the effect of the presence or
absence of the aiming patch was not significant. However,
significant differences among the filters were noted, (MS=
1.26, df=3; MS Error= 0.19, df=3; F = 39.71, p< 0.001).
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In Fig 5 the SD error scores from this study are present-
ed as a function of luminous transmittance. Also presented
are data from an earlier report by Moichany et al (15) whf.
used the same tracking task to determine the effect of pro-
gressively reduced luminous transmittance on tracking error
scores; transmittance was reduced with a series of neutral
density filters. Under the bright light conditions the fil-
ters produced a pattern of similar error scores. But unde'
the simulated dawn/dusk conditions used in this study t!-
error scores seemed to rise more steeply than the score.-
obtained for the neutral density filters and for the pointF;
along the curve for the regression equation that was develop-,
from that study.

DISCUSSION

Variables that influence pursuit tracking performance
include luminance, target size, target contrast, and color
(7-14). The effects of laser ocular protective materials on
tracking performance were reported by Stamper (2); however,
several readers (personal communications) questioned the
possible effects of a high contrast aiming patch on the target
vehicle. In this study, we examined the effects of the
presence or absence of a high contrast aiming patch on pursuit
tracking performance while using 4 of the same laser protec-
tive materials as used in this earlier report. We anticipated
that the use of a high contrast aiming patch would not signif-
icantly effect pursuit tracking performance, especially
under bright light conditions where the features of the tank
were clearly defined. The data indicate that the presence of a
well defined, high contrast aiming patch does not significant-
ly improve tracking accuracy. Apparently, under bright ambi-
ent light levels the presence of clearly defined borders and
contours on the tank itself enabled the people tracking the
target to make the small adjustments necessary to maintain
high aiming accuracy just as they were able to detect small
discrepancies between the center of the bulls eye and the
cross hairs of the tracking device.

Under dawn/dusk conditions the presence of ocular protec-
tive filters produced a significant decrements in tracking
performance, but the presence and absence of the high contrast
target patch did not differentially alter these effects. Low
ambient light levels allowed the tank target to remain recog-
nizable, but clear edge definitions were lost, including the
target patch. During these trials keeping the cross hairs on
a specific spot was difficult presumably because of the lost
edge definition within the aiming area.
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The significant filter main effect in the dawn/dusk
ambient light condition was due to a further decrease in
luminance caused by 2 of the filters. Molchany et al. (15,
reported that pursuit tracking performance decre ses rapidly
below ambient luminance levels of 1.8 x 10- 3 cd/m. As lumi-
nance decreases, visual cues such as borders and contours
gradually become less apparent and cventually disappear.
Therefore, under the dawn/dusk ambient light level the ni" p.
contrast aiming patch became less discernible and was not a

factor. Rather, when filters 2 and 3 were imposed on thi
tracking task, increased error scores were noted. While thes,
differences appear to be small (up to + .4 mrad) at range thc
could be a problem. For example, a Russian tank subtends ai;
angle of approximately 7.0 mrad at 1 km, but at 2 km the si2
has decreased to 3.5 mrad. Because increased range produces
corresponding larger error, the tracking error at that ais-
tance has increased to + 0.8 mrad. Extrapolating the increased
error and decreased angular subtense of the target out to tne
range of the Extended TOW with non-cooperative targets, the
potential to completely miss the target due to use of the
wrong filter exists. Given the odds facing our troops in thc.
field, this is unacceptable.

CONCLUSION

The results of this study indicate that the presence or
absence of the aiming patch does not significantly affect the
tracking error scores. These findings apply both to bright
light and simulated dawn/dusk conditions. Also, as noted in
the earlier report (2), Filter 3 (BG-18) is not the best
laser ocular protection available. Under bright light condi-
tions all of the materials are similar in their effects on
tracking performance. However, under dawn/dusk conditions
where the visual system is operating near its limits, problems
may arise from the use of this filter.
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