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(U) Two laboratory expertmoents were conducted on a terrain nmodel
to evaluate the effect of muulek fluashs ont visual. air-tolgrotnd target
acquinsition. Obsuervers were 'flowrn" over the model at sim~alted alit~t des of
I =10 ad 3.000 ft and a velocity of 300 knots. They were required to
search for sfnil tanks or mobile air defense units. The guns on some of
these vehucles were firing ont half of the runs (Amulated by flashing fiber
otitc extenstions on the barrels-but no smoke)

WU) There was no signiicant difference between the number of
targets detected from I1.000 ft altitude when they wore flashing or when
they were not Flashing, the nolh pet wc did not Steatly improve twilet
acquisitiont Signil'i"aaly motre targets Walshing and non-flashing combined)
were detected oem the runs Ahcn somet tt the targets were flashing, however
Opposite results were ottainerd hom', the 300 ft altitude condition
sipificantly more targets were dirtered when they were fleshing than when
they were not flashing, There was tit) ditferenice between total target
detections (falashng and non-flashing) oti runs when sone targets were
flashing versus when none flashed
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INTRODUCTION

A joint-services Target Acquisition Working Group (TAWC) was estab-
lished in March 1712 and tasked with pursuing a number of studies of vis-
ual. air-to-ground tar~gt acquisition. The work has includd mathematical
modeling, laboratory simulations, analysis, data summry, and field test-
Ing.

A question arising In naony of these arms has to do with the target
signatures and associated cups that help or hinder visual scr4,lsetion.
Questions have been ariked concerning the effects of smze, target mot'on.
dust, and musill flashes. Almost no'ne of the field tests that have been con-
ducted included these factors ine controlled way, if at all. The appropriate-
nest of using simulator as well as field test data in predicting ft.quisition
performance In a mid-intensity scenario can be questioned because these
factors have not benm included.

This report describes two laborhtory experiments that were conducted
to provide data on one of these factors: muule flash. One of the •uestions
t.%st has been posed by operations analysts is, does the firing of the guns
affeA the dutection and recognition of the firing vehicle? The experimints
descrlbe*u here are *Intended to provice a preliminary answer to this ques-
tion.
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METHOD

Smeall vehicle targets were ircAto.d on a model of terrain similar to that
found In central Europe. The terrain was predominantly gret~n In Ccior and
contained trees. hedgerows, buildings, a road and bridge. and a small air-.
strip.

The targets were tanks and mobile air defense vnit; (AE'U's) equipped
with fiber optic extensions on the guns so that muzzle flashes could be
simulated. The main indepandant variable was the presence or absence of
simulated gunfire. It wais hypothesized that the simulated muzzle flash would
provide additional viesul cues and thereby enhance target acquisition per-
formence.

Obsovers wore "flown, cvor the terrAin model in a transpert mechan-
Ism and required to search for the targets. They reported sightings by
calling out Wtt~ type of vehic!o. The repJr is were used to calculate percent
targets detected arti reconizod, and the tirae of the report was used to
calculate the ranga to the target.

DESIGN

The twte extpe-iments were Identical except fzr one factor: observer alti-
tidt was a simulated 1. 000 feet in the first, and a simulated 3. 000 feet In the
second. The design, apparatus, procedure, and %coring were the same In
both experiments.

Each experiment used two grou;ps ot ten subjects. None of the targets
was flashing d~uring the "flight" for one group of subjects. Four of the eight
targets (Q tanks hnd 2 ADU's) were flashing (simulating firing? during the
flight of inis seco~nd group. This design resulted I" two Independent groups
-)f subjects whose pewfrtremen~ data were suitable for testing for statistical
significance with the Student's t distribution.

The four targets which had a capability to simulate firing by flashing
were also used In a non-flashing mrode (with the first group of subjects).
Hence, there was both a flashing and non-fleshing mode, and flashing and
n*An-flshing targets.

The dependent variables ware number of target detections, number of
correct target recognitions, end response time for' each response. Slant
ranges were calculated from the latter measure.

4



NWC TP 5740

SUBJECTS

Four groups of ten subjects each participated in the study (two groups
for each experiment). All subjects were male and were college students,
active military, or contractor personnel. All had corrected or uncorrected
far, binocular visual acultf of 20/20 or better.

APPARATUS

Terrain Model

The 1: 200 scale teraein model used as the background over which the
subjects searched for the targets was 21 x I feet and simulated a mile long
strip of lend about a quarter of a mile v'ide (Figare 1). The model contains
varotus topographical and cultural features typical of Central Europe.

7argets

The targets were 1: 200 scale model tanks and A)U's, representing real
world military targets measuring approximately I1 feet in length. Two of
the tanks and the two ADU's were mnodifled to enable their gun barrels to
simulate a muisle flash. This was accomplished by threading fiber optics
into the gun barrel and down to the body of the vehicle where a IS-volt
tminiature Ienp was installed. To simulate the appropriate gun firing rate,
the lamps were pulsed by two Hunter timers (Series D, Model Ill-C), wired
to cycle continuously. Two timers were used for each firing target. The
fidelity of simulation of the firing rate is considered hiqh whl;e the slmu-
latud intensity of the muazlt Caits could be somewhat questionable due to
the lack of complete real -world data to use as a guide in constructing the
models.

For this experiment, the luminmnce contrast for a single target element
was deflned as:

C - (Lt Lb),Lb

where: C luminance contrast between a single target and background

Lt -average luminance over a single target area

L b average luminrnce over a single target bcckground aretaken V) be 10 limes the target area The t~rget shadow

was excluded.

ii5
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A Pritchard Model 1910 photoneter was employed for the luminance moesure-
ments. Five measurenments were taken of each target and its respective back
ground in the non flashing modes. Examples of the tirgets are shown in
Figure 2 and a description Is given In Tabh, 1; nutaticr correqponds to that
shown In Figure 1.

Aljlib4!
1 , IP4

TA NK Ai)U

Figure 2. The Two Model Targets Used in tne Tarjet AcqIbition Tests.

Subject Transport Mechanism

The subject was seated un a motorized, remntely-contrullvd bricicle and
carriage system ,uspendod over the terrain mocitl. The bridge .1r.d carriOge
was capable of movement along the longitudinal axis of the torr'.in ri•odel.

The subject's sbat was positioned on the assembly so the eye level of the
average subject was maintained at about either five or fifteen feet above the
mean level of the terrain model. This corresponded to simulted ,altituides c,f
1.000 and 3,000 feet. The simulated velocity was 300 knots.

PROCEDURE

Initially, the subject was taken to a room with a sm.•ll terrain fricdel for
orientation and training. He was shown the actual sizes of the tanks and
AOU's for which he would be searching during the experimental se.ssion.
The firing modes for the guns of the tanks and ADU's were also demonstrated.
The subject was then given instructions on how to respond if he detected %
target, Each subject was told to sea; ch only for tanks and ADLi's and that
none, some, or all of the targets might be in their firing modes.

7
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Table 1. Target nescriptkn.

-- Groind Ranne L ,Tnrac
Target* Mad** _Fet) Conltrast Remarks

T non flashing 1.000 -0.20 At intersection of two0 tree-lined roads

T non-flo.ihing 2,000 0,34 On a tree lined road

T2 non-fleshing 2.000 0.39 On 3 tree-lined road

T non-flashing 3,000 -0.10 In a clearing nlext to
a primitive runway

T4 flashing 3,000 -0 3Q in a cim ring circled
by trees

T flashing 4,000 -0.04 On the top of a h1l1

Q1 flashing 4,000 -0.10 Or, top of a small
knoll near terrain
model edqe

Q flashing 4,S00 -0.01 On top of a hill with
sparse vacatation

"*T Indicstas tanks; Q Indicates ADU's (or Quads),
**Flashing (simulated firing) targets were also used In a nort-flashing mode.

Each subject was given only one pass over the terrain model. The time
for each pass was just under II seconds, the time required to simulate the
300-knot airspeed. Upon completion of ths pass, the subjdct was debriefed
and target detections and recognitions were verified.

SCORING

A detfecton was defined as a subject's response to a target (ty calling
out the name "tank" or "ADU") regardless of what the target wits. A r,.cog-
nilion was defined as a correct call-out, so that detection and recognition
occurred at the same time.

8=
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RESULTS

EXPERIMAENT I (1, 000 FT ALTITUDE)

Percent Detections and Recognitions

The percent of the time that the targets were detected and recognized
is shown in Table 2 for each target. It can be seen that there is a large
variability between targets: T 0 , T 2 , and 14 were never seen, whereas Q2
was always seen. The simulated muzzle flashes on 3 of the 4 targets did
not make the ta;rgets more detectable. Although a "firing" 01 was seen
more often than when it was not firing, the difference is not statistically
significant.

Table 2. Pe.-cent Ta rgets Detected and R ccogn Ized, 1, 000 Feet AlItitude

Total Number Percent Detected Perce-n-t I.ecognizedi
Target of Non- Non-

Number Possibilities Flashing Flashing Flashing Flashing

T 20 0 00

T1 20 10 10

T2 20 0 0

T3 20 70 70

T4 10 0 0 0 0

T 5 10 40 40 40 4t0

Q 1 10 20 60 20 60

Q 2 1 0 100 100 60 so

A number of comparisons can be made at a lower level of detail among
the targets using the Student's t test on the two groups of subjects. The
target classification and number of detections made by all subjects are
shown In Table 3.

9
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Table 3. Classification of Targets and Number of
Detections Made

Target Type

Mode Non-flashing Flashing Capability

(TO, T 1 . T 2 # T 3) (T 4 , T$, Q 1 , Q21

No Targets 716
Flashing

/
/

T 4 TS, Q1" and Q2 9 20

Flashing

It is seen that over twice as many of the targets which could flash were
detected *han non-flashing targets when none of the targets was flashing
(;6 vs 7). This difference is statistically significant (t = 4.02, p < .01); it
suggests the possibility that the location of the flashing targets toward the
end of the run (Figure 1) resulted in better performance.

About twice as many flashing targets were detected as non-flashing
targets under the flashing condition also (20 vs 9). The fact that this ratio
is the same as (and not greater then) that for the non-flashing condition in-
dicates that the flashes per so did not aid in detection. Target characteris-
tics or placement may have been more important factors.

Other t-tests showed that:

1. Non-flashing targets were not seen any more often under the flash-
ing than the non-flashing condition.

2. Flashing targets were not seen any more often under the flashing
than the non-flashing condition.

3. Performance across all targets was better under the flashing condi-
tion (29 vs 23 detections) ao indicated by a one-tailed t = 1.89,
p < . 05. The latter result comes from summing Ihe non-significant
trends shown in Table 3 (9 higher than 7, 20 higher than 16).

10r
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Contrast

The absolute value of the luminance contrast of the targets (Table 1) is
shown plotted against percent detection (Table 2) in Fiqure 3 for the rnon-
flashing targets.

100

U so

2e0

0 0.2 0.4

TARGET CONTRAST

Figure 3. Target Contrast .s Percent Detections

It can be seen that there is an inverse relationship between the variables;
the higher the contrast, the fewer targets detected. This unexpected rela-
tionship is statistically significant (r = -0.78 ; p < .05). and is contrary to
all expectations. However, it supports the possibility that location and place-
ment of the target were more important than luminance contrast in this search-
for-targets of-opportunity type of task.

In addition, another consideration often overlooked is the relationship
between the color of a target and the color of Its background di¢rountingluminance contrast. An experiment concerned with examining thtj effects

11
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of variations In color and brightness on acquisition performance Indicated
that the effects of coiur may have more impact then was traditionally thought.,

An analysis of target Q2 provides a good Illustration that location and
.olor contrast may be factors important in target acquisition. Q2 was more
consistently detected and recognized than any other target, regardless of
Its simulated firing mode. However, its luminance contrast with Its back-
ground Is the lowest of all the targets. On the other hand, It was located
at the top of a hill towards the center plane of the terrain model with few
clutter elements around it. Finally, it subjectively appeared to have tyod
"color contrast" with its background: olive drab against light brown.

Detection Range

The range data calculated in this study is only approximate. The range
was determined by recording the subject's response time when he stated
that he detected or recognized a target. The dlant range for this response
time voas then calculated by determining the position of the subject's head
relative to the target. There was a subject response time lag and an experi-
menter's response lag plus the rounding off of the response times to the
nearest second. This r'•sulted in considerably less than precise data, and
discrete steps in the data. I

When the non-flashing ADU's (Ql and Q2 ) were detected and/or recog-
nized, It always occurred at the sarme approximate range (1,025 feet). This
obviated the possibility of developing detection/recognition probabilities as
a function of range for these targets in this mode. Figure 4 shows the cumu-
lative percent detections a5 a function of range for the flashing ADU's and
the non-flashing tanks. The cumulative percent of recognitions for these
targets are effectively the same curves.

EXPERIMENT II (3,000 FT ALTITUDE)

Percent Detections and Recognitlons

There was the same large variation among targets as seen in Experiment
1; To, T , T 2 , and T 4 were never seen, and a flashing Q2 was seen by all

subjects (Table 4).

":Aerospce Medical Research Laboratory. SEEKVAL Project IA 1: Effects 'if
Color and Brightneas Contrmat on Target Acquisition, by Robert L.
Hilgendorf and John Malenski, Wright-Patterson A. F. Base, Dayton, Ohio,
AMRL, July 1974 (Report No. AMRL-TR-74-SS, publication UNCLASSIFIED).

12



NW.C TP 5740

sw I.O- 1 .m 2,000 2 ,4D
SIMULATED RANGE. FT

Figure A.. Cumulative Percent Detections and Recognitions
for Flashing ADU's and Non-Flashing Tanks

Table 4. Percent Targets Detected and Recognized, 3.000 Feet Altitude

Total Number Percent Detected Percent Recognized
Target of Non Non-

Number Possibilities Flashing Flashing Flashing Fleshing

T 20 0 0

T 1 20 V 0

T 2  20 0 0

T 20 2S 25

I T 10 0 0 0 0

T S 10 30 0 30 0

10 a 0o 0 40

Q'0 o0 11oo 10 100
2

!U
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There was no statistically significant difference between the total
number of targets detected or recognized under the flashing versus non-
flashing modes. For only the targets that could flash, however, signifi-
cantly more were detected and recognized when they were flashing than
when they were not flashing (Table 5).

Table S. Flashing versus Non-Flashing Targets

All Targets Fleshing Targets Only

Mode Mode

Flashing Non-Flashing Flashing Non-Fleshing

Tote I Number 7Detected Iq1

Mean across .2 l.I 0 7
Subjects

Standard
Deviation 0.5 0.14 0..

Student'sn t 1 0.t4 2. 60*

Total Number 1: 9 :..Recognitions II l

M e an ac ro s s1 .0 91 .0 4
Subjects

Standard
Deviation 0.5 0.6 0.5 0.5

Student'st 2.06 CI3
(n =18)

*Significant at p < 0.01

The data are also shown in a format similar to that of Table 3 (1 able 6).

14
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Tablo 6. Classification of Targets and Number of
DeCtecions Made

Target Type

made Non-flashing Flashing Capability

(TV T.TT) TV T 5  1 . Q2 )

Targets S7
Aashing

"TV T 01and0
/ Flashing

4i

About the same number of non-flashing and flashing targets were do-
tacted in the non feshing mode (5 vor*us 71 In tht flashing mode, hnww-
ever, none of the non-flashing targets was seen, but flnahng targets were
reported 1l times by the 10 subjects. This result is more in line with what
was expected before the experiment began.

Contrast

The higher contrast targets (T 0 ' TV, T 2 and T 4) were never detected

from the simulated 3, 000 foot aft!tude. T.lis result, similar to that from
Experiment I. can be interpreted as an indication tha' luminance contrast
was not a factv,. in the target acquisition process in these experiments.
Perhaps contrast wait confouncred w4ith target location and clutier, so that
it was not a driving factor In the search.

Detection Range

The most distant target was a simulated 4, 500 feet ground range from the
",ubject's starting point, and he was at a simulated 3,000 feet above the terrain,
a condition resulting in steep look-down angles In most cases. When the
targets were reported, the subject was looking almost straight down upon them.
detection range Is therefore not a meaningful measure of performance In the
high altitude part of these tests.
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LIMITATIONS

This study was conducted on a terrain model with subjects who made
only one pass over the model. The view of the nodel was relatively un-
restricted, as compared to cockpit limitations In most fixed-wing aircraft.
In the higher altitude tests, the subjects were looking alost straight down
when they reported the targets.

There were no atmospheric effects, and no stress of %ask loading (e.g..
piloting) on the subjects. It is not appropriate to ust the data to estimate
th. absolute parformence of an obsewver in the fHld. It Is felt that the data
are useful, however, to estimate the relative performance when searching
for flashing and non-flashing targets.

SUMMARY

In summary, the condition with targets exhibiting muzole flashes re-
suited In more target detections and recognitions than the no-flash condition.
When searching from a simulated 1,000 toot altitude, subjects reported more
targets (both fleshing and non-fleshing) when some of the targets were
flashing. The targets that had the flesh capability were not seen cw* often
whet they were flashing then when they were not flashing, howevs'.

The flash effect was more Imporoint when seea from J, 000 !'et altitude:
twice as many of the targets that could flash were seen and recognized when
they were flashing than when they were not flashing.

16
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