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ABSTRACT

This study investigeted the basic target acquisition capapility of
the unaided eve in a simulated resl-world environment. Pilo*t performances
on target detection and recognition tasks were examincd under two test
paradigms:

= Search task for unbriefed targets and target areas;

Psychophysical tareshold visual .ngle requirenents ror briefed
targats.,

i~

It was found ¢nat, as in previous studies using TV augmented viewing
systems, there waz a large decrement in performance at low contrast levels
of 5% to 15% for both targe. detection and recognition. Differences in
performance between search and threshold tests decreased to a constant
value above approximately the 20% contrast level. At low target to back-
ground contrast levels, the gereral contrast level of background ocbjects
vas higher than tnat of the target allowing maximum time for evaluation
¢f all area ovjects. As a result, all high contrast non~targets were
#lindinated prior to reaching the visual threshold for the low contrast
target which was then detected. Consequently, there were no significan?
differences between search and thresheld tasks at low contrast levels,
wemparison of the static and dynamic threshold tests revealed no dife
ferences in the observer's performance with limited or unlimited time

“or target examination.
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SYNOPSIS

This study investigated tne basic target acquisiticn capability of
the unaided eye in a simulated real-world environment for air-to-surface
search missions. The data were coliected using the three~dimensional
600:1 scale terrain model in the Guidance Development Center of the
Oriando Division of Martin Marietta Corporation. Simulated flights at
3000 feet altitude and 3% knots airspeed were flown against targets
having target=-to-background contrasts of tetween 5 and 30 percent.

Three paradigms were employed to examine several experimental parameters
involved in target detection and recognition:

1 A dynam.c eearch task over a pre-briefed 1/2 mile Ly 1/2
mile target area with an unbriefed target positicn;

2 Static ard dymemic tasks to establish the psychophjsical thresh-
old for recognition of a target at a briefed target position;

3 Static and dynamic tasks to establish the psychophysical thresh-
old for recogriiion of a *target at a briefed target position.

Former military pilots, superienced in air-to-surface target acquisition
miesions, served as subjects,

The objectives of this study were to:

1 Determine the relationsiip of target~to-background contrast
levels on pilot periormance in dececting and recognizing
targets during tasks requiring search of a pre-briefed
general target area,

2 Determine the relationship of target-to-background contrast

levels for detecting and recognizing targets when the search
task was eliminated to obtain psychophysical baseline data
on visual angle and range requirements.

The targets were silhouettes of three simple tuildings with areas,
perimeters and other dimensions approximately equivalent to each other.
Two dimensinnal targets were used in order \c maintain a consistent
brightness across their surface. The contrast values of these targets
against their backgrounds were 5, 10, 15, 20, 25, 35, and 50 percent,

b
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These 'sl,es were mzasured o te witninm o+ 2 opercent tnorgugnount, therely
N - -
maxrntalning pzresise contrast cormirol.
7 3 ~s wa Y M < - . - I P -
{re princiral resulils and contlusicns zre summarized telcw:

1. Yerformance Cependent -°n Centrast

Cn all tests the sutject's target isition capatiliily improved
ith an increase in conirast up te 28 percent, wnere nig per-
formance leveled off, Tne largest elff L 2t tre low contrast levels

of 3 to 15 vyercunt where visuzl angle rernte for detrotion ranged
frem 1.5 arcminutes on tre thresiold ts 3.2 arcainutes for thne

search task.

t tn2 close. ranges reguired for recogaltion, sisusl angies I:r
the geerch tasx ranged froz 2.3 arcrinutes at 22 percernt contrass, to
4.8 ar:minutes at the 5 percent level, Thresnold values were similar
to mearch values at the S percent level («.& arcminules) and decreased
eaponentiaily to 1.2 arcxinutes at the 35 percsnt contrast level.

~

2, Search Perfcrmance

ifferences in cperator performance betweern e searcrn {asx and
e pre-briefed target dsteciion tasks showed significant differerces
at all levels of centrast ZIndicating the increased tire anZ viszal

angle requiremerts needed tc search zn area ond then detect the target.
For the recogniticn tasks, houwever, low contrast cf the target appeared
to mask the eifects of sears: so that nc difference existed tetween
these tasks for t-c search or pre-criefed coniizions. Only at contrast
ievels of 25 percent and above was e search tasi found ic te zmcre

difficult tnan the threshoid or pre-triefed tusk,
2, Time D2penden®t Respcnse - Static vs. Dynamic Corditiens

Unlimited response time had no effect on whether a subject could
aetect or recogrnize a target throughout the tctal contrast range. A
constant difference existed between trne dynamic and static detection
tests as well as the dynamic and static recognition tests, however,
these were not statistically significant. These differences appeared
to be due to subject reaction time.
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A. BACKGROUND

¥ was gerfcrmed as ore step in the develo:ment of a set

cr target acizisition. Trne first experiment (Reference 11)
¢ acgulsition using a television srstem eguipred with

cf view (FCV). A nign degree cof target-»o-backzrouna
rcl was used ipn crder t> determine an accurate relation-
target cenirast, TV FCV, ard target acguisition performance.
vestigated tre target acjuisition ca.acllity of the unaided
lated real aurlz environment. bExperiments were constructed

tasic targat acsuisition tasks in-
/8 X lf2 mile area (s*mu ated Tasks

interyretation and other

as'”e-ents reconnaissance phlto
: ( 7 15) rhave indicated that

\Xeferences &, 3, ¢, 7,

nd contrast was st critical factor in acguiring
ets. An examinati ci trnese revorts :1as also shown
rast variable Is tre most critical, it nas also been
1t tc contral - totn in field studies and simulation.

..e series ol ex ducted at MMC petn on this contract
ani o:ners (Reference a as provided tre :rigrest degree cf contrast
coantral tc date. Because of tne impertant nature of this contrast variable,
a.l ¢u.ner extranecus alicrs, e.5., target shape and detail, varied back~
Irce.nds, and relative mction nave teen minimized in crder to eliminate as

- Irteracticns as rpcssitle.

5. Ux:zCTIVoo AND AFFRCACH

study investigated tne component parts of a target
eparately‘ and under their dynamic interactions. This
r

d dynamic ereSHO d modes. The separate objectives

1o

To determine tre eftfect of target-to-background contrast on
the visual angie and siant range reguirements for target
. detection anud recognition;
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To determine the effect of target-to-background contrast on
the visual angle regquirements for target detection at the
minimum visual angle, i.e., detection threshold, in both the
static and dynamic modes;

iro

3 To determine the effect of target-to-background contrast
on the visual angle requirements for target recognition at
the minimum visual angle, i.e., recognition threshold, in both
the static and dynamic modes,

From an operational standpcint, the roles of detection and re-
cogrition cannot be separatad for either briefed or unbriefed target
positions. In either case, detection has to occur prior to or simul-
taneously with recognition. Once the pilot has navigated to the general
area of the target, his target acquisition task consists of several sub=-
tasks. He must locate the target erea, search the area for the target
in question, evaluate potential targets until the actual target is
detected and, if required, identify the target, If the exact target
position is known, the locating and searching tasks are eliminated and
the pilot will more readily detect and recognize the target at a greater
range. An object at the prebriefed position may require less defi-
nitien of shape to be recognized or may be evaluated successfully at

a longer range from features which might also be characteristic of

other non-target objects in the general target area.

The target detection requirement will be affected by several
criteria within the available briefiny information. Sene of these criteria
are outlined below:

1l The limitation of the target by object class, e.g., vehicles,
buildings, aircraft, etc;

(¥

The limitation of the target within an object class, e.g.,
tanks, trucks, armored personiiel carriers;

3 The availability of cues for target area location;
The amount of '"ncise,” i.e., objects other than targets, in
the target area which nave size and shave characteristics
similar to the target;

1+

5 Knowledge as to the probable target-to-background contrast
ratio.
]

6 Knowledge of the location of the target in proximity to re-
cognizable terrain features.

The target detection task is, in reality, a process of elimination
(provided that detection occurs prior to the target recognition threshold).




et e s

— =

g — -

Target detection cccurs when eanough of the briefing information has

veen correiated with the area under cornsideration to allow selection of
an object as a target, As stated by Bliss (Reference 3), 'Detection

is the determination that some object is present at a location compatible
with its being the target; ..." It is an easier task to distinguish

the feacures of a target when the object under consideration is known

to be the target than when several objects are potential singular targets.
For example, a pilct would readily detect a single vehicle target from
long range, in an open area, by '"seeing'" its characteristics, if his
briefing had included a target in that position. This same target might
not be so obvious, at that range, if it were near similar appearing
objects such as boulders, canvas covered buildings or supplies. The

need to detect a target, from the available choices, would require
closing the range until the unon-targets could be recognized and elimi-
nated or until the target itself could be discriminated from its sur-
roundings.

Because of the difficulty in trying to show a simple relationship
between target detection and any of the controlling parameters, this
study was limited to those factors describeud below.

Five tests we = designed tc determine an operator's “arget detection
and recognition capability. The first of these tests presented the
target in a 1/2 mile by 1/2 mile prebriefed, essentially open area or
field with variations in the terrain mottling and vegetation accounting
for background "noise.'" The subject was required to search the target
area and detect and recognize the target during simulated flights toward
the target area.

The remaining four tests were designed to study the basic target
detection and recognition thresholds of the human eye, in both dynamic
and static modes. For detection, these tests reduced the background
neise which required evaluation, by limiting the search requireme-t to
an area, on the terrain model, approximately equal to that covered by
the subject's foveal vision. For recognition threshold determination,
target detection was achieved by designating the target on the terrain
model. This provided a single object for evaluation and eliminated the
possible effects of background noise,

U
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I. TECHNICAL DESCRIPTION

This section discusses the experimental design and the variables
and technical factors that were involved in this study.

A. EXPERIMENTAL DESIGN

Each of the five individual tests was composed of the same basic
variables in subject briefing, target search requirements, and simulated
airspeed, as required by the objectives of the tests.

Test 1: Target Acquisition with the Unaided kye
The objective of this test was to determine the visual angles obtained
at target detection and recognition for simple building targets and the
relationship between these visual angles and the contras. of the target.
Six target-to-background contrasts, three offset levels, three target
shapes and five subjects were used. The offsets served as replic.tions
for exch target treatment ard provided a random search task within each
target area. The target contrast values and shapes were systematically
varied and presented to the subjects in countoerbalanced order.

The following are the parameters for the first test:

Test Parameters Number Values
Target/Background Centrast ) vy 10, 15, 20, 25 and 35 percent
Target Sice 1 225" X 45' (simulated;

Target Shapes 4 Lett Shed, Right Shed, House
Target Of{set 3 Levels 1, 2, and 5

Flight Altitude 1 000 ft (simulated)

Fliyht Airspeed 1 350 Kts (simulated)

Subjects 2 Former Military Pilots

Test 2: Tletermination of the Target Deotection Threshold for the Unaided
Eye, Dynamirc Mode

This test was desiyned teo determine the direct vision, target
detection thresholds ana the relationship between these thresnolds and
tne target in a dynamic, raage closure condition. Four target-to-
background con*rast ratios were systematically varied =n three




replications and presented to the five subjects in a countervclanced
order., Three target shapes were used in this test and their application
is discussed in Part E of this section,

The following are the parameters for Test 2:

Test Farameter Number Values
Target/Background Contrast L 10, 25, 35 ard 50 percent

Random Tacrget Placement

25' X 12,5' (simulated)
Left Shed, Right Shed, Houca
3000 ft (simulated)

350 Kts (simulated)

Former Military Pilots

Rerlications
Target Size
Target Shave
Flight Altitude
Flight Airspeed
Subjects

N AN AN

Test 3: Determination of the Target Detection Threshold for the Unaided
Fye, Static Mode

This test was designed to determine the target detection thresholds
of the unaided eye and their relationship to the contrast of the target
when the time allowed for target search and evaluation was unlimited.
The same experimental design and parameters which were used in Test 2
were repeated for this test except that the airspeed was eliminated and
static range cicsure steps were employed. The static steps were made
in range changes which provided one-tanth of an arcminute variation :n
subtended visual angle,

Test 4: Determination of the Target Recogniticn Threshold for the
Unaided Eve, Dynamic Mode

This test used the zame parameters at Test 2 above to determine
the target recognition thresholds and their relationships to targe’
contrast. The paraueters were again systematically varied and presented
to the suvjects in a counterbalarced order,

Test 5: Delermination of the Target Recognition Threshold for the
Unaided Eye, Static Mode

This tes® was desiyned to determine the target recognition threch-
olds of the uraided eye and their relationship to target contrast when
detection had been assured and the time nllowed for target evaluation
was unlimited, The same experimental design and parameters whicli were
used in Test 4 were repeated for this test except tnat the aiispeed
was eliminnted and static ranpe steps wer: employed. The static steps
were made in the samne manner as in Test .




B. VARIAB!ES

Most of the variables affecting target acquisition were neld constant
in order to provide baseline information on those which would fulfiil the
study objectives. Examination of the total relationship of the target
with its background has to be evaluated in order to determine both those
criteria affecting the total target acquisition task and the relation-
ship of i*s individual components. For the target and background Gestalt,
the major surround variable was the type and amount of '"noise'" in the
barnkground, i.e., contour, vegetation and objects, both manmade and natural
combined with the target characteristics of size, shape, and contrast.

If tre remaining parameters are held constant, the amount of similarity
between the background '"noise" and the target characteristics will deter=-

mire the difficulty of thke target acquisition task.

A realistic flignt problem was defined to provide a set of constant
raraneters abeut wnich tne target and background relationship could be
assessed. The flight parameter values selected were considered to be
representative of those which might be employed by a jet attack aircraft

while searching for srmall tactical targeis.

The targets were randomly placed in a variety of backgrounds in-
cluding open fi-lds, desert areas, ard basically open areas with an
occasional tree or similar vegetation. All of the areas were real-
istically mocttled in arpearance wnich provided the limited variation
in backgrcund reguired in this study.

The variables which were selected for investigation were target-
teo-backgrcund contrast and size of ground area to be searched. The
following additionali variables were Leld constant at values consistent
with real world conditions and aircraft performance.

Aircraft Velocity

Aircraft Altitude

Type of Target Background

Flight Path/Target Position Relationship
Total Scene Illumination

Type of Target

The dependent variables which were recorded to evaluate the subjects'
performance were visual argle, slant range and time. Since the surface
of the 2-D targets lacked any detail which mignt lL.ave aided in detection
or recogaition, the visual angle upon wnich detection or recoznition was
dependent in these tests was a function of the overall target dimensions.
The definition of visual angle used in this report was based on the
iargest vertical measurement of each target as projected into the plane
norma’ to the subjects' line-of-sight. This dimension was used since it
was the primary distinguishing characteristic of all three targets.



C. TARGET TO BACKGROUND CONTRAST

In this series of studies, the targets were darker thar their
respective backgrounds and the contrast relationship was defined bty the
equation

C= ?b - Bo

’%

where:
Bo = brightness oi the object

Bb = brightness of the backgrouund

This formula was used by Blackwell (Reference 1) for objects darker
than their background; it yields contrast values irom O to 1.0.

Tnis study was conducted with colored targets placed against a back=-
ground of identical hue but differing in brigh’ness. The laboratcry
lighting was adjusted to previde 2 constant brightness for each target
and background, as measured from the observer's pusition for all subject
to target distances. Measured tolerance lor contrest variation between
the target and background was + 2.0 percent, i.e., for the 25 percent
level tre contrast runge could be 23 ~ 27 percent, (See Part G, Control
of Variables.)

D. TARGET BACXGROUND

The target backgrounds were selected fron areas on the ier =~in
model in the Optical Guidance Laboratory (see .ppendix A). These areas
had relatively constant refiectance in the immediate vicinity of the
tariet to provide approximately equal target-to-~-background coiitrast
ratior, cn all sides of the t.rcet,

The criteria for zelectionr o the target areas were thau:

1 Only open fields/arcas with a minimum of large vegetation and
objects in the immedia.e vicinity of the target position would
be chosen.

2 The areas would - ive a minimum brightness of 100 foot-lamberts
under the test lighting conditicns (as measured at the position
of the cbserver's cye).

*on

The terrain contour in the area of the target position would not
obstruct the view of the target Juring range closure, and the target
background would nct change due to the angle from which the scene
was viewad.,




Based on these c.iteria, the target areas were selected by viewing the
proposed areas through a telescope as range closure was effected. This
allowed detailed evaluation of each area. The areas were then photom-
etered from the eye position of the observer and final selections were

made.

E. TARGETS

Two-dimensional targets were used in this study because unlike three-
dimensional targets, surface brightness could be controlled. The targets
were tilted away from the subject at an angle of 45 degrees to the hori-
zontal piane which produced even illumination of the viewed surface and
maintained a relatively constant vertical dimension as range closure was

effected.

Three target shapes were selected for use in this study. Since thie
experiment did not attempt to study the effect of target shape on the
target acquisition or recognition task, distinct targets with similar
inherent characteristics were selected. From a review of the effcct of
target skape on target acquisition (References 4 and 8), it was concluded
that for targets of tne same maximum vertical and horizontal dimensions,
their areas, perimetc~is, and perimeter-to-area ratios were the major
controlling factors cffecting acquisition. Using these criteria, trree
target shapes were selected that had equal areas, perimeters that va-ied
a maximum of 2.9 percent, and perimeter-to-area ratio with a maximum
variation of 2.8 percent. An exploratory study was conducted with six
subjects to assess the relative effect of target shape. There was no
significant variation in detection and recognition ranges (Reference 11).

Trhe selected shapes and tne dimensions used ifor the particular tests
are given below, in Figure 1. A pilot study showed that, in order to
obtain about the same probabilities of detection and recognition for all
tests, larger targets were reguired for Test 1 (Target Acquisition with the

Unaided Eye).

¥ P T
L3 r i h/2 1
h/2 i h/2 i ! |b
Vo w — Ly e—— o—w — ¥
Left Sned House Right Shed

Jest 1: w = .753" (37.9%, 63C:1 scale), h = 575" (18.75', 600:1 scale)

L)

Test 2,2,4,5: w = 5" (25°, 600:1 scale), h = .25" (12.5', 600:1 scale)

Figure 1. %iwo=-Dimensional Target Shapes

11



£ SEARCH ARFA

Test 1, in this study, was the direct vision corollary of the tele-
vision unbriefed tarsmet acquisition test reported in Reference 11. The
search area was th: same size as that used in the previovus study - 1/2
mile by 1/2 mile., Tr2 subjects were briefed on the area boundaries and
each egrea contained a singl: target.

The 1/2 square mile area was selected as typical of the amount of
ares that must be searched by a pilot when the target position is uriefed
as "near the intzrsection of two roads" or "just norih of the wooded irea,
etc. As descrived in subsection H of this section, vertisal and oblique
phctographs of the entire terrain wodel were used for subject briefing.

The targe! area was marked on th vertical view photograph and the suk-
jects were perm.tted to study the photojraph “or as long as they desired.

For Tes.. 2 and 3, a search area was provided that would require
evaluation of otentia. ta.ge*s and .t eliminate the search requirement,
This war a circle of 10" radius (actual, 500' scale) which, when observed
from an elevation of %' (acturl, 3000 feet scale) at the 30' rangec appeared
elongated horizontally. Larcum statel in Reference 9 that: '"Concerning
detection sensitivity for the var ~uc eccentric portions of the visual
field the consunsus of experimental results seems to be that the areas
above and below fixation exhibit higher thresnolds and those areas to
the right and left of fixation yield lower thresholds. The iso-detection
contours for statjonary spots, then, are generally oval with the long
axis correspending to the horizontal meridian of the visual faield."

In Tests % and 5, the problem started with target detecticn
elimin: ted throuch precise target desiynation on the terriain imodel by
the tes. conducior,

G. CONTRCOL CF VARIABLES
1. General

While this stud; invelved the control of several variavleg, the
param-ter that was most difficult to reg.inte was target-to-background
contrast, The stated objectives of this study required that specific
contricts be estab!ished and maintained for each treatment.

The convrol oF contrast i a difficult taek in any experiment of this
type, and periicularly when pertions of the test are conducted under
dynamic conditions, ur wher the placermont 0 the stimulus material s

rind. The procedures and technigques employed, the orob' ms encountered,
and the contrast vilues obtained for tni, experiment are described in
this section.
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The following variables influence the accuracy with which desired
contrast values can be measured and contrclled:

1l The =ccuracy axd precirion of the photometur,

2 1llumination control throushout the area of target piacement;

2 The degree to which the target surfust can be made to reflect
the desired Jight level in reiation tc its backeround:

i The changing target/backgrou.d relationships in relation to

the positior of the observer's eye,.
2. Photomete~ Accuracy

A Photo Research Corporation Spectra Pritchard pho*ometer was used
to determine the various target and background brightnesses for control
proceaures and contrast determination. Since this photometer was central
to mosc of the calib-ation an® ~ontrol, a previous aralysis (Reference 11)
was used to determine the accuracy that could be expected from its use.
Table I gives the valve of cne standard deviation for different values
of contrast and number of observations. Tle probability that a given
contrast calculation will fall within one standard deviation of the
tree value is 0.54; within two standsrd deviations, 0.954b; etc. There~
fore, <ae could use chis table to make statements such as the following:
"The probability is 0.6! that the true valu of contrast lies betveen
5 percent + 0.828 percent when one measurem-nt vielded a calculsted
contrast value of 5 vercent;" or we can say "the probability is 0,9°46
tnat the true value of contrast lies between 10 perzent + 0.938 percent
when 9 measurements were averaged to yield o calculanted value of 10
percen*."

i Contrast i Number of Obgervations
{percent) 1 “ 9 16 25
5 0.828 0.-36 0.479 0.415 0.372
10 0.809 0.5k 0.469 0.408 0.366
15 U.794 Q. ¥k 0.46% 0,404 0.364
20 0.788 0.5% | 0,479 0.%02 0. 364
25 0.765% 00551 0. 456 G 4Ob Q.277
34 i 0.746 0.5hk7 0.b64 0.415 0.383
L. N ——- A
Tavle 1

One Sigma Valuss for Cortrast Relative to Photometer Accuracy




3. Illumination Control

The illumination levels in the Optical Guidance Laboratory and in
the pilot display room were maintained through consistent light control
settings. Light measurements were made and recorded to ensure precise
illumination levels at these settings. The light measurements were
made at various fixed points in the laboratory and directly on the targets

ard their backgrounds.

The changing aspect angle of the photometer relative to the terrain
model target areas and targets at various longitudinal ranges in the
laboratory resulted in variations in apparent target and area brightnesses
for a constant level of illumination throughout the laboratory. The
relationship between the target brightness variation and the back-
ground area brightness variation was such that the contrast ratio varied
significantly with range. Consequently, lighting adjustments (termed
"lignt balancing") were made to compensate for this effect. The final
lighting conditions produced consistent contrast ratios over the viewing
distances involved; the standard deviation in contrast varied only + 0.95
peircent about the nean value attained. -

4, Contrast

Tne targets were constructed using metal bases with colored paper
fronts; the same cclored paint was used on the targets and their immediate
background areas. The metal base supported the target on a 45 degree
angle and provided vertical alignn2nt pins for exact positioning on the
terrain model. The target areas on the terrain model were repainted in
their nriginal colors to establish an exact color duplication for the
target paper. This paper was painted wi_h an air brush to provide a
color consistency across its entire surface. Two-inch square patches
of this paper were used for contrast matching with the target background.
The 2-inch squares and their background were photometered from the

subject's eye position.

The light balancing procedure (discussed in Part 3 above) showed that
a target photometered at the 25 foot longitudinal position in the labo-
ratory would have a contrast value very near the mecan v:ue of the
contrast measured as a function of range. After photometering the basic
colored target patch and its background, the brightness of the target
patch was adjusted to achieve the reguired contrast value, This brightness
adjustment was accomplished by using a titanium base white paint or a
flat black paint as necessary and applying this paint in a very fine mist
with an air brush. The targets were then measured at various longitudinal
distances as a crosscheck on both light balancing and contrast matching.
The actual targets were then made from the matched 2-inchk squares. Table
II shows the mean contrast values and the standard deviations of these
targets. The RSS of the standard deviaticn and the standard deviation
of 0.95 percent contrast variation, attributable to illumination

14



control as the targets longitudinal positions varies, is shown as the
combined standard deviation.

I Desired Contrast 5 10 15 20 25 35

Mean Contrast
Attained S.b 10.3 15.5 20.4 2.7

\
£
0

Standard Deviation
Test 1 (expressed as
contrast) 7 5

(W]
.
E -

1.7 5 1.1

Combined Std De-
viation (expressed
as Contrast) 102 1.1 1.? 109 1.1 105

Desired Contrast 10 25 35 S0

Mean Contrast

Tests Attained 1C.3 2L,7 34.9 50.4
2,3,4,5
Standard Deviation

\expressed as

contrast) «5 «5 1.1 o

combined Starndard
Jeviation (expressed
as contrast) 1.1 1.1 1.5 1.0

Table IIX

Target Contrasts

5. Flight Variables
a. Altitude
A simulated altitude of 3000 feet was selected as a typical
altitude used by reconnaissance aircraft and air-to-ground attack aircraft,
on missions requiring target acquisitions. for the following reasons:
1 It is above the range of small arms fire of the .30 cal. variety

and is at the extreme end of the range of .50 cal. (14.5 mm) light,
portable, rapid-fire arms.
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It is an optimum 'roll-in" altitude for strafing, the delivery of
napalm, and retarded weapons (bombs in the 250 and 500 pound
classes with specially attached fins that open and allow the air-
craft to clear the bomb blast and fragmentation). This altitude
can also be used for low altitude rocket delivery although an
altitude of 7000 feet and a dive angle of 30 degrees are preferred.

3 Weather conditions in such areas az SE As_a frequently require
flight under a 3000 feet overcast.

4 This altitude permits pilots to take quick advantage of terrain
masking when operating in a SAM defended environment,

5 Flights lower than this altitude present problems for target ac-
quisition due to terrain masking.

é This is the same altitude used in the previous experiment and

consequently provides similar conditions for comparison of
performance between target acquisition of directly viewed targets
and of targets displayed on a TV monitor,

This altitude was maintained by placing the subject so that his eye
position was at exactly five feet above the target (3000 feet, 600:1
scale).

b. Airspeed
A simulated airspeed of 350 knots was selected as being rep-
resentative of the speed employed by jet aircraft in the search for ground

targets for the following reasons:

1 This speed represents the best tradenff between fuel consumption
and mansuverability for attack type aircraft,

iro

The 300 to 350 knot speed range is a preferred speed for starting
an attack run.

3 This speed is optimum from the standpoint of ease of aircraft
control for formation flying.

4 At this speed, a pilot has sufficient "G'" capability to rapidly
evade missiles and ground fire,

5 A pilot has sufficient time at this speed to prepure tor an
attack on the first approach run.

Te)

This is the same airspeed used in the previous experimert and
consequently provides a consistency of conditions for comparison
of an operator's target acquisition capabilities.
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This speed was simulated by the rate of the longitudinal travel of
the terrain model.

H. TEST PROCEDURES

The five experiments conducted in this study were performed, in
the Guidance Development Center, using the 40 X 40 foot, 600:1 scale
terrain model. The test subjects were briefed on the objectives of
2ach experiment and the procedures to be followed. They were shown
the test setup including the terrain model, targets, and briefing
material. The test moritor then went over the specific test in-
structions with the subjects (Appendix B). After answering any
questions the subjects had concerning the test, the test monitor seated
the first subject on the cbservation platform in the optical guidance
laboratory (Figure 2).

el (e
(R T -

Firure 0. Subject on Observation Plattorm
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The test prececdures for the five experiments were basically the
same with variations in subject briefing and the dynamic or static target
presentation accounting for any differences. Pricr to the start of each
session, the subjects were given familiarization runs to acquaint them
with the experimental vrccedures.

1. Tent 1, Target Acquisiticn with the Unaided Eye - In this test,
the subjects were briefed using 4 by 4 foot plan and oblique p'otographs
of the terrain model (Figuies 3 and 4). The 1/2 mile by 1/2 mile target
area was marked on the plan view with a grease pencil. The subjects wore
permitted to mark the oblique photograph if they desired.

[T
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Figure 4. Plan View Pholo of Terrain
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The test sequence was started after the subject was seated on the
observation platform and had located ine briefed target area on the
terrain model. The terrain model moved toward tie subject at a simulated
350 knots while the subject scanned the target area. When the subject
detected the target he depressed an event mark buttcen which caused the
test conditions at that instant to be recorded. At the moment of
recognition, the subject again depressed the event mark button and also
announced the target snhape over the intercom system to the test monitor.
At any other time during the test run that the subject made a decision
concerning his task he would depress the event mark button and state his
decision, e.g., the realizatics of a false detection or false recognition.

At the conclusion of each test run, the subject would return to the
briefing room to prepare for the next run.

2. Test 2, Determination of the Target Detection Threshold for
the Unaided Eve, Dynamic Mode - Procedures for this test were similar
to those used in Test 1, except that the size of the target area was
reduced and target recognition was not required. For this test, the
terrain model movement toward the subject was stopped by depressing
the event mark button when the subject signalled a detection. The subject
was the. required to describe the precise position of the detected target
to the satisfaction of the test meonitor.

3, Test 3, Determination of the Target Detection Threshold for
the Unaided Eye, Static Mocde - The experisiental procedures were the samn
for this test as for Test 2, above, except for the static positions of
the target. The target was positioned at the maximum ronge, minimum
subtended angle, and the range was closed in increments which produced
one-tenth of an arcminute variation in the subtended angle between each
position. The subjects were allowed to ohserve the target area at each
position for as long as they desired before moving to the next position,

4, Test &, Decermination of tne Target Recognition Threshold for
the Unaided Eye, Dynamic Mode « In order to determine the desired target
recognition thresnold, this test started with target detectior ac~-
complished by having the exact targel position marked on the briefing
piotographs and hy having the target pointed out on the terrain rodel
by the test monitor., The terrain model then closed range a* the simulaited
350 knot speed until the subject signaled target recognition by de-
pressing the event mark buttow and reported tne target shipe to the

menitor,

5. Test 5, Determination of the Target Recognition Threshold of
the Unaided Eye, Static Mode - The experimental procedures were the same
for this test as for Test 4, abcve, except for the static positions of
the target. The target was positioned at the maximum range, minimum
subtended angle, and the range was closed in increments which vroduced
one-tenth of an arcminute variaotion in the subtended angle between each
position. The subjects were allowed t~ observe the target area at




each position for as long as they desired before moving fo tne next
position.

I. SUBJECTS

The subjects required for these tests were selected on the basis
of previous military aviation experience in target acquisition. All
of the subjects selected were ex-military pilets and their experience
is outiined in Table III, 7lhe brecad experience of these subjects in=-
cludes visunl reconnaissance and air-to=-ground attack missions. One
subject served a combat tour in ithe Vietnarmese conflict. It was hoped
thot the use of experienced vilots would contribute tc the validity
of the data and its application to operational requ.rements,

The subjects were given ey2 examinations by the Martin Marietta
Medical Department to ensure that they have normal or in tne case of
visual acuity, corrected to normal vision. The testis given were:

) 1 Ishihara test for color blindness.

> Nea» and far dis' wce visual acuity tes.s using a Bausch and

I~

~ . Lomb Orthorater,
; Subject Service Aircraft Flown Jet liours Total Hourgul
1 USAF AlE, F4C 1100 1130
2 USN l rBy, bzv I 3 L4000
. ! |
|
| 5 USMC Many types in- L 500 5000
{ cluding ALD
.
! 4 USAF pP-51, k=26, F-100, 2100 5600
. ; | F=101
a | |
I ) USAK R 1000 ! 60N0o
E ) USAF P~40, P-yl, k-U7, 2000 4000
| P-80, F-80, F-100
S 1 - _—
!
3 Table I11

Subjecte' Flipht kxperience
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II. STATISTICAL ANALYSIS OF RESULTS

An analysis of variance (AOV) (Reference 5) was performed
to determine the basic statistical relationships between the test
parameters. The Duncan Multiple Range Test (DMRT) (keference 10) as
werl as individual t-tests were used to determine detailed relationships
at test points indicating significance on the AOV.

The results are discussed according to the separate objectives: the
investigation of target search, detection and recognition in unbriefed
and briefed modes and the determination of static and dynamic threshold
values for target detection and recognition. General findings common
to all five tests, including erffects of contrast on visual angle and
slant range, are presented first in an overview.

Performance as a Function of Contrast

Table IV shows the analysis of variance for all five tests with the
tests treated as blocks, Test 1, the search task over the briefed 1/2 X
1/2 mile tarpet area, was partitioned into two separate tests: detection
and recognition. Differences ir levels of contrast between Test 1 with
six levels and Tests 2 - 5 «itk uir levels dictited a compromise on
the analysis of the contrast main effect. For this combined AOV, the
same three levels of contrast common to all {ive tests were used: 10,

25 and 35 percent.

Additional AOV's were computed for each test separately and the
Duncan and t-tests were performed on these data since there were additional
contrast levels which could be analyzed. These AQOV tablies are presented
in Appendix C.

As expected, the variation in performance due to charges in the
target-to-background contrast levels was the strongest effect. At low
contrast levels the threshold distances for siant range at detection or
recognition were the smallest and jincreased with an increase in contrast
up to approximately the 20 percent level where they leveled off. Convert-
ing these values into visual angle subtended by the target at detection
and/or recognition, the ability of the operator to see the target in-
creased (a decrease in required visual angle) with an increase in
contrast up to the same 20 - 25 percent l=vel and then was constant as
contrast increased. In all cases contrast was not a significant factor
at levels of 25 percent or above,
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Combined Analysis of Variance Tests 1 =

Source of Variation ! af ! SS F
Blocks (B) 5 2,51 59.30 **
Subjects {S) 4 21,49 17.22 **
Targets (T) 2 2.27 3,64 *
(Gontrast (C) 2 87.48 140.20 **
34s 20 13.49 2,16 **
BXT 10 5,62 1.80 N.S.
RXC 10 26.15 8,28 *o
SXT 8 2.5) 1.00 N.S.
SX¢ 8 5,67 2,27 *
TXC L 7.02 5.63 "¢
BYXSXT b s 5.9k 0.72 N.5.
AX8xc e 12.93 1,03 N.S.

| BXTXC 20 25.28 4,05 **
SXTXC 15 7,08 le42 N.S.
kesidual 80 24,96
B Total 269 343,40
L. -
Table IV
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The greatest variation in performarnce due¢ to conirast was at the
5 = 15 percent levels as snown in Figure 5. This graph illustrates the
overall effects of countrast cn visual angle for ail five tests including
the detection and recognition phases of Test 1. Vertical brackets at
each contrast level denote non-significance of performance results
compared across cach test as computed by either the DMRT or t-test.

In order to compensate for missing data dve to errors and lack of
subiac L . 2sponse, values of extremes and values of m2ans were used for
those missing data cells, #OV's were compnted with bcth sets of values.
Test resulls were unzffected, i.e., there were no significant differences
resulting from use of either set of values except at the 5 percert contrast
lev:l on th2 detection phase. Both the extreme values and mean values
were differsnt {p«.01) from the dynamic recognition phase of the test,

At all other contrast levels no significant differences occurred between
the detecticn and recognition phases of the test except at the 35 percent
level (significani at p<.05).

This indi- .ced that, at the higrer contras® levels, recognition
occurred a.aost simultanecusly with detestion of the target. Results
cf the DMRT across contrast levels revealed that there was no* a
significant difference between the 5 percent and 10 percent points but
that these two were different (p<.05) from all oiher contrast levels.
The levels from 15 - 25 percent were not different from each other in-
dicating tnat, at higher contrast levels, contrast apparzntl; had little
effect on detection and/or recognition for tasks involving sezarch or
threshold acquisition. The simulated slant range at detection occurred
from more than 24,000 ft out for the 20 percent down to greater than
16,000 ft at the 5 percent level.

Test 1: Target Recognition

Ihe same pattern was evident in the recognition phase as it was in
the detecticn phase. Recognition of the target became easier as the
contrast incresased to the 15% level and then leveled off. Unlike the E
detecticn phase, recognition became increasingly easier from the 5 por-cent ‘
contrast level thru the 15 percent level. This indicated Zhat even the
extreme value substitutions in Phase 1 were on the counservative side and
could have been higher.

The difference at the 35% level (p<.03) between detection and rec- ;
ogaition may have been a type I error, or it may have indicated a trend
toward significantly earlier detection prior to recognition.

Tests 2 thru 5 examined tarpget detection and recoymition thresholds
by:

1 Eliminating the search requirement. The subject was shown a very
small target area to be detected (its visual angle was approximately

2.4%) and he vas given an exact position briefing; the target
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itself was pointed out for the recogrition threshold tests.

Elizinating the effect of decision time on both detection and
recognition. The subject was given unlimited viewing time
during the static tests.

[3¥]

Tests 2 and 3: Dynamic Detection and Static Detection - Briefed Targets

The threshold detection and recognition tasks showed no significant
differences due to the time a subject viewed the target. There were no
differences between Test 2, Dynamic Detection and Test 3, Static De-
tection, at any contrast level (Figure 5) showing that test conditions
eliminated the search element. Detection slant range differences between
the dynamic and static cases ranged from 1200 ft at the 50 percent contrast
level to 4100 ft at the 25 percent level.

The effect of contrast on visual angle was greatest at the 15 percent
level. Tnere was no difference, however, between the 25 percent and 35
percent levels or the 35 percent and 50 percent levels. A trend of in-~
creasing efrectiveress of contrast was indicated by the difference
between both the 10 and 25 percent levels cormpared to the S0 percent
level,

Tre effect of limiting the search requirements to a very small area
was evident in comparing Test 2 with Test 1 (see Figure 5). There were
significant differences (p<.01) at al: contrast levels between these
tests. Differences in slant range varied from 3000 ft at 10 percent
tc 7800 ft at the 35 percent ievel., Differences in detection time ranged
fros a minimum of 5.1 seconds difference at 10 percent to 12.5 seconds
difference at t:e 35 percent level.

A direct correintion with slant range was the visual angle of the
target subtended at the eye. This analysis showed a visual angle of
3.0 arcminutes required for search at the most difficult contrast level
of lu percent as compared to 1.7 arcminutes of angle for the non-search
task of Test 2. At the maximum level of 35 percent, Test 1 required a
visual argle of 1.9 arcminutes wnile Test 2 requirements were half that
or 1.0 arcminutes.

Where tnere was very little difference between detection and
recognition on the search task (Test 1), there was a great difference
between tnese factors at the tnreshold level. Test 2, Dynamic Detection
and Test &, Dynamic Recognition, were significantly different (p<.05)
at all contrast levels except the 35 percent level. At the 10 percent
level, recognition did not occur for 17.3 seconds, or at 10,200 ft
slant range, after detection which occurred at 20,500 ft. At the S0
percent contrast level, the subject waited an average of 48.9 seconds
or traveled an additional 28,900 feet, on the average, before recognition
occurred.

27



gnificant difference between static and dynamic con-
the 50 percent contrast level (See

and dynamic cases maintained a minimum difference of 1100
Followirny

contrast did not have an effect

Ses3ts 4 and 5: Dynamic and Static Recogniticn
The only sign
dizions in Test &% and S was at
Fimure S) where the two were just different at the .05 level.
The static
ft at 10 percent contrast and 6900 ft at the 35 percent level.
the trend of all other test conditicns

cn recognition after the

el mination of the search
by the lack of

targets became easier to see, however, the

ch lower

wtes of vis
¥

s 24,500 ft slant

percent ‘e\ei. At low contrast levels the
requirement did not affect performance as
statistical difference between Test 1 and Test 4,
recognition thresholds
than for the search task (Test 1) e.g., 2.5 versus 1.8
ual angle at 25 percent contrast and 2.4 versus 1.4
is converts to 14,300 ft versus 19,000 and 14,300 ft
ange respectively.
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III. DISCUSSION OF RESULTS
A. DETECTION

Figure 6A shows the relationship between the search and trreshold
phases of the detection tasi with respect to the visual angles obtained.
Tnere was a large decrement in performance at low contrast levels on
this task due to the search requirement, and the difficulties involved
in finding the target. As the targets became easier to see at the 20 -
25 percent levels, the difference in performance between the search and
thresnold tests became constant. The search component required ap-
proximately 1.1 arcminutes of visual angle more than did the threshold
task. The improvement in subject performance on the threshold task
appeared to be a linear function throughout the contrast range. Search
at the low contrast levels reguired a target size of from 1.2 to 2.0
arcminutes larger than tne threshold values of 1.4 to 1.8 arcminutes.
Wwhen tnese are converted to slant ranges, search appears to become linear
(Ficure 6B) over the total contrast range with detection occurring at

oy ey
A sk la

15,000 feet at 5 percent contrast up to 22,000 ft at tre 50 percent level.

Trnreshold detection, nowever, improved greatly at the higher con-
ast levels up to a maximum detection range of 48,000 ft at the 50 percent

In summary, tne effects of target-to-background contras® on a search
task is such that at low contrast ievels, a constant difference exists
netween the reguirezents for thresholid detection and search detection.
Tnis was approximately 9000 - 10,000 feet slant range and at the simulated
aircraft speeds would amount tc a time differential of 15 seconds. Con-
sequently, pinpointing low contrast targets during a briefing would allow
an attack pilot up to 15 additional seconds to align his aircraft with
the target over that avaiiable wnen target search is required.

B. RECOGNITION

Fijures 7A and 7B illustrate the reiationship of contrast to visual
angle and slant range for the recognition tasks. At low contrast levels,
search was masked by the inherent difficulties in seeing the target at all.
Trerefore, any significant difference between search and threshold functions
did not avpear until the contrast levels reached 20 percent.
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Converting to slant ranges, at the lowest contrast level, recognition
of the target did not occur until 7000 feet. Tris would leave almost no
time to release and guide any type of steerablie ordnance., The maximum
recognition slant range on these studies was 15,00C feet wnich could be
considered close to a minimum release point for steerable ordnance,

C. TIME DHPENDENT RESPONSES - STATIC VS DYNAMIC CONDITIONS

Unlimited response time had no eifect on wnether a subject could
detect or recognize a target inroughout the total contrast range. A
constant difference existed between the dynamic and static detection
tests as well as the dynamic and static recognition tests, nowever,
these were not statistically sigaificant, These d4ifferences appeared
to be due to subject reaction time.

D. SUBCECT VARIABILITY

In all tests, the subject main e
at either tie .01 or .05 levels, but ¢
this effect was attribut.ble to indivi i
exrerienced pilote. There were no consistent trends, rowcv
analysis of sutiect X terket and subject X contrast inferac
were evident in twc tests, incicated only variztilit. «n

ne vercentage of mean sguare versus error variagdili
percent to a nign of 26 percent cn trn~ det=cticn rort
All of tre test subjects rnad particip:zted in earlier t
considered nighly experienced. Nc imy :
training cor iearning facters wer2 evic
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AFFENDIX A
DESCRIPTION OF FACILITIZS
A. OPTICAL GUIDANCE LAB

Tre Martin Maricetia Guidance Develcrment (entver is comrosed of the
Radar Guidance Lab (nct used in this study) and the Optical Guidance Lab.
Both of these labs are noused under one roof =rd, because of treir
ccmpatible reqguiremerts, share equipment nd support personnel. Some
orientation to the 3 and the OGL (hereafter referredi tc aw the GDC)
can bte abtainad by referrins tc Fizure ¢. The raximum desism craracter-
istics of ti

G are stown in Tabla V.

[_ Displ-cement Velozicy ] Acceleration
L
N - 2
Long + 110 ft C - 10 ft/s 0 - & ft/s
Vert 0 to 24 It O -6 ft/s 0 -6 ft/s”
. ! 5 - . <
Lat ! ~ 19 ft O -4 ft/s G - 2.7 it/
i -
e ) 5 . - z
Fiten + 120 deg + 200 degs/s 2000 deg/s
Yaw | + &5 deg + 200 deg/s 2000 deg/s”
[ - H
i : A
Roll i Continuous + 750 deg/s 8000 deg/s
Table V
Laberatory Maximum Desirn Characteristics
Tne simulation of flight and range closure is accomplished in tne G
by i) the tiree rotational degrees of freedom provided by the gimbaled
flight head, 2) the lateral anc vertical motion of the flight head
tn the beam carriers, and 3) the longitudinal closing of the terrain model.

The objectives of this exveriment were restricted to testing using
the human eye as the only sensor. As a result, only the longitudinal
closing motion of the terrain model vas employed te simulate flignt.
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B. TERRAIN MODEL

Tre terrain model is a 40 foot square, three dirensionai-target
model simulating notural and man-made features of particular military
significance. Typical of the many tactical targets provided are the hydrc-
electric plant, Vietnamese type viilage, an airport and rarbcr area with
01l dump and train marsnalling yard. Target features rive been re-
produced at a scale of £00:1 and contain minute detail. The model can
be rotated ir azimuth in 90 degree incremernts tc provide better use
of tre available terrain when used in studies involving search over
unknown areas. The model can alsc be tilted with respect to tne hori-
zontal plane at an angle to simulate iarger depressicn angles. Controlled
illumination is provided indoors, but the model may be moved outdoors
to take advantage of natural illumination. Figure 9 shows tne medel near
the end of a test run.
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Typic:i model pirameters

are given in Table VI,

£ .1 Scale

SN ft/s

\H

2480 ft/s

! Jlsplacenent Velocity Accelzration
!
Long 11 -1 o0C0 ft/s 150g

2}

Some typical targets and target arza iccations

shown in Figuves 10 and il

yvlic

Table VI

a. Model Farametars

[5

in in

: e

Figure 10, Tyrical Target Area Locition Stewing House Target
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C. AMBIENT LIGHTING SYSTEM

The GDC has a basic ceiling lighting system made up of a combination
of fluorescent and incandescent sources (Figure 12) and is divided into
six bays. Each bay of fluorescent lights is controlled in S0 FC in-
crements, and each bay of incandescent lights is continuously variable
from zeroc to maximum. With this type of lighting, a wide variety of
illumination profiles may be generated. . Illumination levels of ap~
proximately 250 to 400 FC, measured at the model surface, were used for

this study.

L ..

e e ——

Figure 12. CDC Ceiling Lighting System Showing riuorescent and
Incar lescent Fixtures
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Figures 2 and 9 on pages 17 and 35 respectively, show the auxiliary
lighting mounted under the observation platform used to solve the problem
of nonuniformity of illumination at the very end of the run. The non-
uniformity, when measured with a ft-candle meter at a point on the model,
looked like the too curve in Figure 13 while the auxiliary lighting,
produced the lighting effect on that same point as shown by the bottom
curve. The resultant brightness level produced the desired control of
target~to-background contrast.

Desired Brightness Level

Filled in Area with

FC Direction of Terrain o ;
Falling Model Travel Auxiliary Lights
on >
Model
T I I
| 1 1
100 75 50 25 0
Feet

Figure 13. Illustration of Filler Lighting Scheme

The successful solution to this problem was mandatory since the
45 degree targets used were highly sensitive to a fall-off in frontal
illumination. This type of fall-ofi kept the background roughly the
same brightness, but caused the face of the target to darken at a more
rapid pace than did the background. This then caused a change in
contrast that was not acceptable. By carefully adjusting the auxiliary
lights, contrasts could be held within test tolerances throughout the run.

D. DESCRIPTION OF CONTROL AND RECORDING EQUIPMENT
The analog computer used during this study was an EAI PACE 23]R.

An 8-channel EAI strip chart recorder was used in conjunction with the
computer to obtain a permanent record of the data and the variables

pertinent to the analysis of the problem. Figure 14,

39



oy LN

e

[

.

Figure 14. Analog Computers and Recorders Used in GDC

The manual positioning of the terrain model and observation plat-
form was accomplished by manually adjusting potentiometers while
monitoring the voltages from feedback potentiometers located on the
various drive units. Figure 15 shows the manual drive consoles and
lighting control panels.,
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APPENDIX B
SUBJECT INSTRUCTIONS

Prior to each test, the subjects were briefed on the general and
specific objectives of the experiment and given a copy of the in-
structions shown below. These instructions and the test procedures
were discussed until the test monitor was assured that each subject
understood his task.

INSTRUCTIONS - TEST 1
TARGET ACQUISITION WITH THE UNAIDED EYE

L. The purpose of this experiment is to determine the ability of specially
qualified subjects to acquire surface targets from the air under
various experimental conditionms.

The experiment will simulate the flight path of an attack aircraft
flying towards a pre-briefed square shaped target area 0.5 miles
on a side at 350 knots and 3000 fee: altitude. The basic task of
the test subjects will be to locate tne target in the target area
ainc report target detection and recognition as it occurs.

The aircraft flight will be towards the center of the target area
as shown on the briefing photographs. The briefing photographs are
both vertical and oblique views of the terrain model with the
target area marked on the vertical view. )
Prior to each run, you will have time for briefing using photographs
of the terrain with the target area outlined. Your task during
briefing will be to familiarize yourself with the target area.

The targets used during this experiment are representative of targets
37.5 feet long and 13.75 feet high. The targets are two dimensional
and inclined at a 45 degree angle to overcome the variations induced
by shadows and to maintain a constant target presentation during
the entire run. The shapes which are being used are shown below.
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Left Shed House Right Shed

Tne runs will be made from approximately 7 miles slant range to 2 miles,
simulated.

Procedures

l. As soon as you arrive for the scheduled session, refer to the schedule
posted in the briefing area and determine which target area applies
for your first run.

2. Study the appropriate target area on the briefing pnotographs.

3. When it is your turn to take a run, you will be seated on the plat-
form in the lab area. When the platform has been positioned for the
run, you will be notified over the intercom and you should then locate
the target area as marked on the briefing photograph.

4, As soon as you are ready to start tne run, notify the experimenter
via tre intercom.

5. After the run has started, scan the target area in search of the
target.

6. Press the event mark button immediately upon detecting the target.
The definition of target detection will be considered here to be
that point when you feel that you have sufficient information con-
cerning the suspected target such that you would, if flying, alter
your flight path in order to better verify the existence or the

target.

7. Press the event mark button a second time immediately upon recognizing
the target. Recognition is considered to occur when you have sufficient
information concerning the target sucrk that you would be willing in
an operational situation, to commit yourself to weapon release at
the earliest possible time while also being able to describe the
target by name. Announce the name of the target to the experimenter.

In the event that detection and recognition occur simultaneously,

press the event mark button and announce the name of the target to
the experimenter. If you realize that an error in either detection

Lh



8.

9.

or recognition was made, press the event mark button to indicate
your corrected detection and,/or recognition response, announce
the fact to the experimenter and continue as before.

Remember - always press the event mark button immediately upon
making a detection or recognition decision. The verbal statements

will always follow the "event mark."

At the conclusion of the run, return to the briefing room and prepare
for your next run.

During the course of each session, please do not disclose to the
other subjects any information relative to your findings or
observations during a run. A comment may seem harmless relative to
the experiment but it could help or hinder another subject and as

a consequence, bias the results,

Do not hesitate to ask questions of the experimenter concerning
your individual performance or any procedures.

Prior to t:ie actual test runs, there will be familiarization runs
to acquaint you with the experimental o»rocedures.
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1.

INSTRUCTIONS - TEST NO. 2 AND 3

DETERMINATION OF THE TARGET DETECTION THRESHOLDS OF
THE UNAIDED EYE, DYNAMIC AND STATIC

The purpose of this experiment is tn determine the target detection
capability of specially qualified subjects.

The two tests will simulate the flight path of an attack aircraft
flying towards a pre-briefed 600 foot diameter circular target

area at 350 knots and 3000 feet altitude and will provide static,
fixed ranges to be viewed from the 3000 feet altitude. The basic
task of the test subjects will be to locate the target in the target
area and report target detection as it occurs. The aircraft flight
will be towards the center of the target area as shown on the brief-
ing photographs. The briefing photographs are both vertical and
oblique views of the terrain model with the target area marked on
the vertical view.

Prior to each run, you will have time for briefing using photographs
of the terrain with the target area outlined. Your task during
briefing will be to familiarize yourself with the target area.

The targets used during this experiment are representative of
targets 25 feet long and 12.5 feet high. The targets are two
dimensional and inclined at a 45 degree angle to overcome the
variations induced by shadows and to maintain a constant target
presentation during the entire run. The shapes which are being

used are shown below.

Left Sned House Rignt Shed

The runs will be made from approximately 7 miles slant range to 2
miles, simulated.
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Procedugsg

1.

5.

As soon as you arrive for the scheduled session, refer to the schedule
posted in the briefing area and determine which target area applies
for your first run.

Study the appropriate target area on the briefing photographs.

When it is your turn to take a run, you will be seated on the plat-
form in the lab area. When the platform hLas been positioned for
the run, you will be notified over the intercom and you should then
locate the target area as marked on the briefing photograph.

As soon as you are ready to start the run, notify the experimenter
via the intercom.

For the dynamic portion of the experiment, after the run ha:s started,
scan the target area in search of the target. Press the event mark
button immediately upon detecting the target. The definition of
target detection will be considered here to be that point when you
feel that you have sufficient information concerning the suspected
target such that you would, if flying, alter your flight path in
order to better verify the existence of the target.,

The terrain model will k= stopped when you signal target detection
and you will be ascked to describe the location of the detected target.

For the static test, the terrain model will be positioned at specific
ranges. At each position you are to scan the target area in search

of the target. You may take as much time as you like at each position.
When you feel that you cznnot detect a target after your search, in-
form the test monitor and the terrain model will be moved to the next
closer position. When you have detected the target, inform the test
monitor. Vcu will then be asked to describe the location of the
detected target.

At the conclusion of each run, return to the briefing room and prepare
for your next run.

During the course of each session, please do not disclose to the
other subjects any information relative to your findings or
observations during a run. A comment may seem harmless relative to
the experiment but it could help or hinder another sutject and as

a consequence, bias the results.,

Do not hesitate to ask questions of the experimenter concerning your
individual performance or any procedures.,

Prior tc the actual test runs, there will be familiarization runs
to acquaint you with the experimental procedures.
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1.

INSTRUCTIONS - VESTS 4 AND 5

DETERMINATION OF THE TARGET RECOGNITION THRESHOLDS
OF THE UNAIDED EYE, DYNAMIC AND STATIC

The purpose of this experiment is to determine the target recognition
capabilities of syrecially qualified subjects. The two tests will
simulate the flight path of an attack aircraft flying towards a pre-
briefed target position at 3550 knots and 3000 feet altitude and will
provide static fixed ranges to be viewed from the 3000 feet altitude,
The basic task of the test subjects is to observe the target position
as rang= closure cccurs and report target recognition as soon as
possible.

The target positions are marked on the vertical briefing photographs
and will be briefed by the test monitor in the lab prior to each
irdividual run. Both vertical and oblique view photographs of the
terrain model will be available for briefing between each run. Your
task during briefing will be to familiarize yourself with the target

position.

The targets used during this experiment are representative of targets
25 feet long and 12.5 feet high. The targets are two dimensional

and inclined at a 45 degree angle to overcome the variations in-
duced by shadows and to maintain a constant target presentation
during the entire run. The shapcs which are being used are shown

below,

— 1 Y [

Left Shed House Rignt Shed

The runs will be made from approximately 7 miles slant range to 2
miles, simulated.
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Procedures

1.

2.

3e

Se

6.

7.

As soon as you arrive for the scheduled session, refer to the schedule
posted in the briefing area and determine which target position applies
for your first run.

Study the appropriate target position on the briefing photographs.

When it is your turn to make a run, you will be seated on the plat-

form in the lab area. When the platform has been positioned for the

run, you will be notified over the intercom and you should then locate
the target position as marked on the briefing photograph. The test
monitor will provide an additional target position briefing if necessary.
You must be able to detect the target vefore the run can start.

As soon as you are ready to start the run, notify the monitor via
the intercom.

For the dynamic portion of the experiment, you should press the event
mark button immediately upon recognizing the target. Recognition is
considered to occur when you have sufficient information concerning
the target such that you would be willing in an operational situation,
to commit yourself to weapon release at the earliest possible time
while also being able to describe the target by name. Announce the
name of the target to the monitor. The terrain model will be stopped

when you signal target recognition.

For the static test, the terrain model will be positioned at specific
ranges. At each range you will be asked to determine if you can
identify the target. Take as much time as you like at each position.
When you feel that you cannot recognize the target at its present
range, notify the test monitor and the terrain model will be moved

to the next closer position. When you recognize the target, announce
the name of its shave to the test monitor.

At the conclusion of each run, return to the triefing room and prepare
for your next run.

During the course of each session, please do not disclose to the
other subjects any information relative to your findings or
observations during a run. A comment may seem harmless relative to
the experiment but it could help or hinder another subject and as a
consequence, bias the results.

Do not hesitate to ask questions of the monitor concerning your
individual performance or any precedures.

Prior to the actual test runs, there will be familiarization runs
to acquaint you with the sxperimental procedures.
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APFENUIX C

STATISTICAL :NALYSIS TAZLES

I. To cttain tasic statistical data, an analysis of variance was
rerforzed on each test., Summarized AOV tables are shown aiong
with tre I raties and indications of significance. Extreme
va_ue suistituticns were used Ior zissing data,

Test 1 Dvramic Detection - Search

Source i

Variation af Suzs of Sguares (SS) F Ratio

IS

Subjects (S)

ro

N
.
[
o
\r
.
O
|AV]
P
[72]
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argets (T)
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O
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\n
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o
.
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Residual 4G

Total 89 13C.7

A

Note: * = Significance at .05 level

** = Significance at .01 level
N.S. = Not Significant
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Dynamic Recognition - Search

Source ¢f

Variation dar Sums of Sguares (SS) F
] S L 18.38 15,81 **
T 2 3.70 5.56 **
c 5 £2.43 327,50 **
SXT 8 &, G4 1.85 N.S.
SXGC 20 .13 1.37 N.S.
TXC 1c 32.52 10,07 **
Residuval 4G i3.3:
Total 39 145,43
{
Test 2 Dynamic Detection - Briefed Targets
Source of
Variation df Sums of Squares (SS) _F_
S & 7.06 2k, 37 **
T 2 1.03 7.1 **
C 3 5.22 24,04 **
SXT 8 0.47 0.81 N.S.
sXc¢ 12 11.27 12,96 **
TXC 6 7.27 16,73 **
| Aesidual 2b 174
|
‘ 34,06

A

w
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Test & Static Detecticon - 3riefed Targete
Source ol
Variatior ¢f Suns of Sguares (8S) x
4 5.54% 35%.9 **°
2 0.6k 8,35 **
3 3.39 29.32 **
R 3 0.35 1.12 N.S.
£ LC 12 10.65 23.0e **
1 X3 & 3.2k 15.00 **
Residual 4 0.92
Total 59 24,74
Test 4 Dvnamic Recognition - _riefed Targets
Source of
Variation af Svms of Squares (SS) F
S 4 15.49 9.28 **
T 2 2.38 2.28 N.S.
C 3 61.23 48,91 **
SXT 8 6.09 1.82 N.S.
SXC 12 2.01 0.40 N.S.
TXC ) 3.11 1.24 N.S.
Residual 2k 10.02
Total 59 100.32




Test 5 Static Recogrition - Briefed Targets

bon smed

Source of
Variation ar Sums of Squares (33) F
S b 14,85 17.14 *=
3 T 2 0.73 1.58 N.S.
c 3 48,82 75.16 **
SXT 8 1.64 0.95 N.S.
SXC 12 7.7S 3.00 *
TXC 6 3.26 2.51 *
Residual 24 5.20 2,51 ¢
Total 59 82.29
II. Individual Test of Significance
At points wnere significiance was indicated by the main effects, a
t-test was performed whea only two parameters were involved; c.g.,

at the 5 percent, 15 percent and 20 percent contrast Levels,

At other points the Duncan Multiple Range Test was employed to
test differences between values. The group means are shown in

the foliowing tabtles. The values which are undzrlined by the same
line are not significantly different from each other. Those which
are not connected to each other by the underline are significantly
diffarent at the .05 level of probability.

)l 1C% Contrast Level

Group (test values) 4 3 1 6 2 4

Means 1.5+ 1,68 3.00 3,29 3,40 3,69

2. 295 Contrast Level

Group (test values) b 3 6 5 1 2

Means 1,05 1.2% 1.37 1.80 2.35 2.48
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35% Contrast Level

Group (test values) L 3 6 5 1 2
Meane .90 0.98 1.06 1.39 1.9 2.k
50% Centrast Level
Group (test values) 2 1 4 3
Means 0.67 0,68 1,22 1.5

Tested Across Contrast Levels
Test 1 - Dynamic Detection - Search
Group (contrast levels) 20% 3% 15% % 25 10%
Means 1.81  1.9¢c 1.98 2,18 2.35 3,00
Test 1 - Dynamic Recognition - Search
Group (cont-ast levels)  20% 35% 25% 1%  10% S%
Mesns 2.32  2.44 2,48 2.80 3.40 4,40
Test 2 - Dynamic Detection = Briefed
Group (contrast levels)  50% 3% 25% 10%
Means 0.A8 0.98 1.23 1.68
Test 4 - Dynamic Recognition - Briefed
Group (contrast levels) 35 50% 25% 10%
Means 1.9 1.51 1.80 3.69
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