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ABSTRACT

Effective representation of armored vehicles in simulation displays demands a careful

aevaluation of human perceptual capabilities.

Th

is holds especially true for computer gen-

erated target displays, which must provide sufficient detail te allow vehicle identification

within Timitations of computer processing time and display resolution.

Even in image gen-

eration and display systems not incurring such limitations, the image detail need not exceed

human perceptual and cognitive information processing capabilities, .

Providing excessive

detailing of targets may, in fact, produce negative training by allowing those being trained

to depend on information unavilable in combat for target identification.

Results of re-

search manipulating visible target detail in target identification training and its implica-

tions for target displays are discussed.

Estimates are presented for the visibility of

features of threat and friendly main battle tanks, based on analysis of past empirical re-
search done under ideal visibility conditions and visibiiity data from past research.

INTRODUCTION

Picture yourself as a Tank Commander, moving

~in colimn along a road toward your forward battle
position. Suddenly, you detect two tracked vehi-
cles moving along a treeline about 2000 meters
away. Do you engage them, or don't you? You have
only split seconds to decide.
ly and either simply Tost or moving to a poesition
near yours, engaging them would result in the
death of US soldiers or your allies, If they are
enemy, failing to engage them endangers your Tife,
the lives of your men, and your tank. Are they
friend or foe? This question will recur frequent-
Ty given the fluid and "dirty" battlefield ex-
pected in most future European scenarios.

The situation described above clearly points
out the need for effective target identification
training. Simulation offers exciting opportuni-
ties for training many aspects of combat perfor-
mance, including target jidentification, since it
affords the capability to present a wide variety
of realistic targets in highly realistic tactical
settings. Troops can be trained to identify tar-
gets within the normal context of maneuver and
combat engagement. However, the capability to
train target identification as a matter of course
raises the question of how much detail computer-
generated vehicie representations or other target
displays require to allow realistic target identi-~
fication. The detail must be sufficient to repre~
sent a vehicle’s critical features (those that
differentiate it from other, similar vehicles),
but the display should not represent features that
would be unavailable in a combat setting and at
the ranges a target would normally be identified.
The danger with highiy detailed representations fis
that troops might learn %o depend on target de-
tails that are simply unavailable for target iden-
tification in combat.

METHOD

] The US Army Research Institute {ARI) field
unit at Fort Knox approached the target represen-
tation probliem for tank gunnery by examining ob-
servers' performance in learning to identify
slides of tank targets at different ranges, both

before and after an experimental ARI target identi-
fication training program (see reference 2).
Simulated training and test ranges of 4000 and 2000
meters through the 8x sight of the MEDA] were se-

lected, because these two ranges encompass the

If they are friend-

ranges in which tank target identification would
normally take place,; assuming good visibility con-
ditions and making two other reasonable assumptions.
The first assumption is that few targets in a tac-
tical setting will be detected beyond 4000m {with
the exception of large armor formations, in which
case target identification is a different task than
for individual vehicles), and the second is that an
enemy should be identified at a range of 2000m ar
more, given the engagement hit probabilities given
in FM 71-1 {1). Examining observers' ability to

‘learn target identification at these two ranges
allows one to determine how much of a difference,
if any, in target identification training occurs

farther compared to the nearer range.

due to reduced visibility of target features at the
From these
data one can infer the detail neaded in displays to

train target identification at ranges: demanded in

combat.
Subjects -

Twenty OSUT {One Station Unit Training) armor
crewmen- {10 gunner/loaders and 10 drivers) served
as observers. A1l had completed the standard block
of instruction on Soviet Soldiers and Equipment,

which includes basic target identification training,

prior to the experimental target jdentification
training program received as a part of this re-
search. In this paper, however, references to
training refer to training received through the ex-

‘perimental training program administered to sub-

Jjects in this research.

Stimuli and Apparatus

Targets for training and tests of cbservers’
learning were presented via slides. Slides of ve-

‘hicles were taken from the ARI Combat Vehicle Iden-

tification (CVI} Program (2}, as were the verbal

‘descriptions of the vehicles that were presented
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during the training program, The training program
itself was a -modified version of one module of the
ARI Combat Vehicle Identification Program, and



lasted approximately twe to two and one-half hours.
Seven tanks were selected for training and testing,
with the rationale that, first, tanks are the pri-
mary targets for tanks on the battlefield, and
second, that they are highly confusable combat ve-
hicles and therefore present some of the most dif-
ficult discriminations to be made in target iden-
tification in combat. The seven tanks used were
the Soviet 7-55, T-62, and T-72, the French AMX30,
the US ME0AT, the West German Leopard I, and the
British Chieftain. The siides showed model vehi-
cles on 2 terrain board. A1l vehicles were photo-
graphed on the same spot on the terrain board, and
all vehicles were camouflage painted. These meas-
ures prevented observers from learning to identify
vehicles -based on extranegus cues from the terrain
or vehicle markings. Frontal, flank, and obligue
views of all vehicles were included. Slides of
vehicles were rear-projected by a Kodak Ekitagraphic
slide projector, Model AF-1. Exposures of slides
were timed by a hand-held stepwatch.

Procedure

Observers were tested and trained in groups

. of ten. Within each group of ten, five observers
vere selected to. receive the experimental: target
identification training program at a simulated
range of 2000m; the other five observers received
the training program at a simulated range of 4000m.
Ranges were simulated by seating the observers at
different distances from the screen upon which
slides were projected at a constant scale (for
more detail see the instructions and discussion
accompanying the CVI package).
received training at 2000m, and five at 4000m; the
same held true for the drivers.

Before undergoing the experimental training
program, each observer was given two tests (without
feedback) on all views of all vehicles, with one
pretest at each of the two ranges. Presentation of
the slides of all seven vehicles in each of three
views was randomized for each pretest. Each slide
in each of the 21-item pretests was presented for
ten seconds and followed by a ten second period
with a blank screen to allow the observers more
time to write down their answers. After the pre-
tests, the vehicle identification program was pre-
sentad, This program included verbal descriptions
of vehicles accompanying the slides of the wadels,
as well as slides of vehicles that observers were
asked to name, and for which feedback was given

. following their responses. Specific details of
the training program are presented in an ARI Report
currently in preparation. After the instruction,
all observers were given two final tests, with one
test at 2000m and ore at 4000m, As with the pre-
tests, order of presentation was randomized over
all yehicies and all views on both tests.

RESULTS AND DISCUSSION
Analysis of variance was applied to the num-

ber of correct vehicle identifications {corrected
for guessing). The amalysis revealed that perfor-

Five gunner/Toaders

mance improved significantly after the experimental -

training program (p<.01). Figure 1 shows this ef-
fect graphicaily in terms of percent correct, cor-
racted for guessing. The difference between per-
formance at simulated ranges of 2000m and 4000m
was not statistically reliable either befere or
after subjects received the experimental training
program. Sfmiiarly, the difference between

66

70—
GDJ

50—

40

30 -

=0

B
[=)
|

PEHCENT CORRECT (CORRECTED FOR GUESSING)

4 Km 2 Km 4 Xm - 2 Kp
Tezining  Tralning Training Training
BEFORE AFTER
TRALNING TRAINING

PERFORMANCE IMPROVEMENT WITH ARI COMBAT
" VEHICLE IDENTIFICATION PROGRAM

Figure 1.

observers trained at 2000m and those trained at
4000m was insignificant, as was the interaction be-
tween training range and test range. The above re-
sults show that first, the ARI Combat Vehicle Iden-
tification Program raises target identification
performance significantly over that provided by
Armor OSUT training, regardless of some variation
in- training and testing range, and second, that

there is still more room for improvement.

The analysis also showed that performance dif-

fered for different vehicle orientations {p<.01}.

Figurs 2 shows -this effect graphically, with resuits
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before and after the experimental training program
combined. One must qualify statements about this
effect, however, due to a significant interaction

of vehicle orientation with training. Figure 3
shows this interaction. A test of simple main ef-
fects ravealed first, that performance after train-
ing improved significantly over that before training:
for all three vehicle orientations (p<.01 in all
three cases), and second, that performance differ-
ences among different vehicle views were significant
only after training (p<.01). Pairwise comparisons
using Tukey's HSD revealed that after training,
observers identified flank views of vehicles sig-
nificantly better than both frontal views {p<.01)
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and oblique views (p<.01).
ply show that subjects in the present research
" Tearned the most about identifying fiank views of
vehicles, and the least about identifying frontal
-views of vehicles. The performance differences be-
tween different vehicle orientations simply re~
- flects .the differences in the number of critical
features available in the three views. Training
observers to identify frontal and oblique vehicles
present a particular challenge for future target
identification training research, since the ten-
dency to fire at another vehicle without making a
positive identification first will be greatest for
vehicles in those orientations.

The striking aspect of these results is that,
within practical limits, the effects of the range
at which observers were trained and tested, as well
as the interaction of these two factors, were ex-

- tremely small relative to the large improvement of
all observers over training, and were not even re-
Tiable enough to approach statistical significance.

"Tnis implies that, for all practical purposes, ob-
servers learned to jdentify targets just as well
with the details that could be seen at 4000m

- through an 8x sight as they could with the detaiis
that could be seen at 2000m through an 8x . sight.
Therefore, when considering training observers to
identify tank targets through the 8x MBOA] sight
under ideal visibility conditions, one need not
have as much detail as can be seen normally at
2000m, although including that much detail will not
harm training.

“One might wonder why insignificant effects of
training and test range were found in the above re-
search, This question can be answered by first
considering data collected by Foskett, et al, (4)
on the detectability of features of armored vehi-
cles, Figure 4, taken from their report, shows the

“detectabilities of the features they investigated.
Consider that ranges of 2000 and 4000 meters

through an 8x sight correspond approximately to 250

cand 500m with unaided vision if the atmosphere is
perfectly clear. One can see by Figure 4 that

. there is only a small difference between the de-
tectability of features at 250 and 500 meters with

~unaided vision, Small features, such as the number
of roadwheels (if the number is large) become dra-
matically less detectable over this increase in
range, :but the probability of detecting the largest
features drops very little. Coupling this rela-

These comparisons sim-

tively-small difference in detectability with the
poor performance before training and the fact that
the ARI program emphasizes identification using
large, highly noticeable features (while de~empha-
sizing the importance of small features) it is
probably not surprising that the effects of train-
ing or test range were insignificant,

In considering the resuits of the above re-
search, however, there is a very definite caveat.
Both our research and the research of Foskett et al.
were conducted under scaled conditions. Hence,
they apply specifically to an atmosphere of almost
infinite visibility and do not consider effects of
atmospheric attenuation. The results of the re-
search reported here are an overestimate of the
actual detectability of vehicle features in a nor-
mal outdoor environment. The impact of various
Tevels of atmospheric attenuation on actual detec-
tion of armored vehicie features is yet to be thor-
oughly investigated. However, one can develop a
crude estimate of the effects of atmospheric atten-
uation through data such as those presented by
Middieton (5). Middleton presented a series of
nomogratms allowing one to predict the 95 percent
detection level of objects of various sizes, given
‘certain levels of background luminance, the target
to background contrast prior to contrast extinction
by the atmosphere, and meteorological range (that
range at which atmospheric attenuation reduces tar-
get to background contrast to threshold), The data
Middleton presented allows one to generate curves,
such as those in Figure 5, from which one can esti-
wate the amount of drop in visibility of a feature
with reduced iighting and reduced metesrological
range. For more detail on the derivation of Figure
5, the interested reader is referred to a forthcom-
ing ARI Working Paper dealing with vehicle feature
detectability (6). If one assumes that these
curves can be considered a "pure” reduction in
visibility, disregarding any interactions of visi-
hility reduction with target background, one can
rascale the abscissa of Figure 4 to reflect a cer-
tain proportion of drop in detection range. An
example of this rescaling, showing the impact of
reduced visibility and a reduced T1ight level on the
detection data of Foskett et al. is shown in Figure
6. It is, of course, only a very rough estimate,
and actual Tikelihoods of detecticn in a tactical
setting depend on a number of factors, including
such things as the target background and observers®
criteria,

One can see from Figure 6 that under very hazy
and overcast conditions, features become much more
difficult to see. Only gross features such as

. whether a vehicle is tracked or wheeled, whether or

- meters.
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not it has fender skirts, its main gun, iis turret
position, and turret shape are readily availabile.
Any difference in target identification at 4000m
and 2000m under these cenditions is yet to be de-
termined. For a further discussion of the impact
of atmospheric conditions on feature visibility,
the interested reader is again referred to the
forthcoming ARI paper on feature visibility (6).

What conclusions can be drawn from the research
reported here? Since the lethality of modern weap-
ans may easily make 2000m the minimum range by
which an enemy tank must be identified under good
viewing conditions, it seems impractical to conduct
target identification training with a final goal of
training people to identify tanks .only within 2000
Therefore, for practical purposes it seems
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unnecessary to train target identification with

2500 > more details than would be visible under ddeal
N - . __ Sturmy viewing conditions through an 8x sight at 2000m.

—-—

— Additionally, since any difference between target

~& identification training at 2000 and 4000m proved

- to be small relative to other influences in the

~ present research, only those that can be seen at

\ 4000 meters-with an 8x sight are necessary to in- |
clude for practical training purposes. Since this
research did not address training with even fewer

- features than those available at 4000 meters are
necessary for reliable identification, until fur-
ther research is conducted.
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Several questions yet remain to be answered
that may have an impact on future target identifi-
" cation training programs. What is the impact of
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so.000 G i " 000m? Is it feasible fo consider beginning target
O Aol Em.EUN 0.0k sam e gaentification training with highly detailed vehi-
cle representations, and systematically reduce the
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CONDITIONS, WITH 5 KM VISIBILITY

identification and the impact of observers' cri-
teria may yield information aboul practical aspects.
of target identification that have yet to be con-
sidered.
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