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1) ABSTRACT ‘:
- . - ;
DThis report describes a simulation research study which measured the effects of (1) target size, (2) target-
to-background contrast, (3Y1clevision raster sczn line oricntation, and j&ﬂ!ispl:y viewing angle on both targct K

detection and target identification using tefevision. Onc hundred twenty different simulated air-to-surface target

“attacks™ against buildings on a three-dimensional terrain model were vidco tape-recorded using a 5254inc tcle-

vision system. These attacks were then shown to 16 subjects whose tasks were to detect the target from its back-

ground and to identify it from a number of alternagives shown on bricfing photographs. Performance measures

were (1) slant ranse at correct detection {SRD). (2) slant range at identification ¢SR1), and (3) probability of

correct identification (PCIY. { )
Major conclusions reached were as follows:

1. Target cffects were of major importance across all three criteria bat were comparatively the most impartaat
for PCL. Tamct effects were found te be primarily related to targe? size expressed cither as target area or 5
target diaponal.

2. Target contrast was by far the most important variable investigated for SRD. It was also of major importance
for SR1 and was of moderate importance for PCI. Increased target contras. resulted in increased subject
performance across all three criteriz.

3. Vertical raster scan line orientation was statistically superior {11 percent greater slant range) to horizontal
raster scan line oricntation for the SRD criterion only, but the differences were in the same direction for ail
three criteria.
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4. The different display viewing angles used in the study had no significant cffect on any of the three criteria z

although the outcome for the detection task may have been dependent upon the task structure employed. I

5. Subjects differences were of substantial imporiance for all three criteria but were comparatively the most 3

important for SRI. %
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6. None of the independent variables interacted significantly for any of the three criteria. . %
- Based on the results of this study, it is recommended that further research focus on (1) techniques for fg

H ] Ut contrast image enhancement, (2) verification of the supetiority of verticai versus herizontal scan line orientation, 3
2 . . and (3) delincation of the effects of displzy viewing angle upon a target detection tzsk requiring search across the
3 L entire television display. <§
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SUMMARY

This report describes a simulation research study which measured the effects of (1) targei
size, (2) target-to-background contrast, (3) television raster scan line orientation, and (4) display
viewing angle on both target detection and target identification using television. One hundred
twenty different simulated air-to-surface target “attacks™ against buildings on a three-dimensional
terrain model were video tape-recorded using a 525-line television system. These attacks were
then shown to 16 subjects whos: tasks were both to detect the target from its background, and
to identify it from a number of alternatives shown on briefing photographs. Performance meas-
ures were (1) slant range at correct detection (SRD), (2) slant range at identification (SRI), and
(3) probability of correct identification (PCl).

Major conclusions reached were as follows:

1. Target effects were of major importance across all three criteria but were comparatively
the most important for PCI. Target effects were found to be primarily related to target
size expressed either as target area or target diagonal.

2. Target contrast was by far the most imiportant variable investigated for SRD. It was also
of major importance for SRI and was of moderate importance for PCI. Increased target
contrast resulted in increased subject performance across all three criteria.

3. Vertical raster scan line orientation was statistically superior (11 percent greater slant
range) to horizontal raster scan line orientation sor the SRD criterion only, but the differ-
ences were in the same direction for all three criteria.

4.  The different display viewing angles used in the study had no cignificant effect on any of
the three criteria although the outcome for the detection task may have been dependent
upon the task stracture employed..

5.  Subjects’ differences were of substantial importance for all three criteria but were com-
paratively the most important for SRI.
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Based on the results of this study it is recommeaded that further research focus on (1)
techniques for contrast image enhancement, (2) verification of the superiority of vertical versus
horizontal scan line orientation, and (3) delineation of the effects of display viewing angle upon
a target detection task requiring search across the entire television display.

Publication Unciassified.

g 6. None of the independent variables interacted significantly for any of the three criteria.
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: INTRODUCTION ;
Within the past few years, closed-circuit TV (television) systems have come into opera- 4 3
3 tional use in military aircraft. New developments in zensor technology have multiplied the 3 {5
e potential applications of television to military tasks. For example, the development of the
4 image orthicon camera enable. low light level television to function on a moonless night with i 3
E heavy cloud cover ( 10 footcandles) while human eyes reach their limit of useful vision at 3 é
about a quarter moon (10'3 footcandles) (Zachary, 1967) (reference 1). Contrast sensitivity of %
television cameras has been developed to the extent that it is possible to build tracking circuits §
which exceed the ability of the television monitor to display the object being tracked. é
L i
The consequence of thcse developments is that military airborne television systems are ; 7
: becoming increasingly display-limited. Since these displays are being viewed by human operators, , ,—,
= the display and the display viewing environment must be designed to take maximum advantage §
o of the operator’s perceptual capabilities while compensating for his limitations if full system !
b effectiveness is to be realized. :if
v The current airborne television display design objective is to maximize the accuracy and %
o distance at which objects on the ground can be “found.” *“Finding™ an object of interest is a Bt 5
25 three-part process consisting of detection, recognition, and identification—in that order (Armed ! %
23 Force NCR Committee on Vision, 1968) (reference 2). Detection is the process of isolating an : 3
= object of interest from the background (e.g., “l see something that might be what I'm looking %
for.”) Operationally defined. detection occurs when the observer commits himself (by changing ?‘g
# course for example) to regard a particulur object in his field of view as the target. Recognition : Ei
& consists of perceiving specific object features in sufficient detail to assign the object detected to 2 %
,‘ a class of things (e.g.. “What 1 see is a tank.™). Identificaiion consists of perceiving object fea- ;
= tures in sufficiert detail to assign the object to a specific subset of the class of objects (e.g.. : ‘*
; “What I see is a friendly Sherman tank.”). In much of the electro-optical system literature, 1 3
53 object recognition is not separated from object icentification; instead object identification is ~ ,§
used to refer to both processes. That convention will be followed throughout this report. § §
4 There are five factors, each with a numbes of dimensions and interactions, which afiect 3 ,;‘fg
b the ability of an airbomne operator, using television, to detect and identify an object. These P %
E factors are: (1) target, (2) environment, (3) sensor, (4) display, and (5) observer. The order in :i 2‘5
2 which these factors are listed corresponds to the sequence with which they interface with eacl: _; b
Preceding page blank LI
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other. Light reflected from the target is transmitted through the environment to the television
sensor. The TV camera in turn relays the image to a display where it is perceived, interpreted,
and acted upon by a human observer. It is pointless to debate which of these factors is the
most important. Sufficient degradation in any one of them will result in system failure. What
is important is determining exactly how changes in each of these factors affect system perfor-
mance. This information can then be paired with cost data to develop cost/benefits ratios which
can be applied to future system development.

In a previous study (Bruns et al. 1970) (reference 3) Bruns investigated the effects of TV
display size, TV viewing dJistance, and certain target characteristics upon target identification
performance. It was found that 3 1/2, 5-, and 8-inch-diagonal-size monitors provide equivalent
perfermance across a wide range of viewing distances. However, due to the nature of the bricf-
ing procedure, it was not possible to measure target detection performance. Subjects were shown
reconnaissance photographs and then asked to identify on TV a target marked on the photograph.
There were sufficient background cues on the photograph for the subjects to determine exactly
where on the display the target would appear. Therefore, no scarch was involved, and it is not
surprising that the display angular subtense presented made little differcnce. (Display angular
subtense is the angle formed by lines diawn from the midpoint between the observer’s eyes to

the top and bottom of the TV display. It is thus jointly determined by display size and display
viewing distance.)
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Enoch (1959) (reference 4) found that a display angular subtense of 9 degrees was opiimum
in terms of efficiency of eye-fixaticn patterns when the task was to search aerial maps for certain
features In order iv determine whether this finding is also true for detecting ground targets

from the air, display angular subtense was included as a variable in this study for both target
detection and identification.

A number of researchers have found that two conditions must be met before objects can
be identified on television. (Shurtleft et al, 1966, reference 5: Baker and Nicholson. 1967, refer-
ence 6: Hemingway and Erickson. 1909, reference 7). First, the object must be a minimal size
in terms of angular subtense at the eve of the observer. Second. a minimal number of television
raster scan lines must cross the abject. The term “raster scan lines™ refers to the way in which
information is disptayed on 2 television monitor. The face of the monitor (raster) is composed
of a number (525 for American broadeast television) of evenly spaced horizontal lines separated
by blank spaces. Information is written on these lines by the cathode-ray tube scanning spot
which sweeps each line at regular intervals. changing the brightness of the individual phosphor
clements which comprise the line. These variations in brightness result from variations in light
intensity reflected by the target as seen by the television camera.

R s P e M B a0 SRR AT TSR g et 5 e i ot .. mose W e RS LAt

Both tie number of scan lines crossing the object and the object angular subtense required
for good identification performance are highly task-dependent.  Shurtleft (1967) (reference 8)
found that alphanumeric symbols could be identificd with 98 percent accuracy when there were
ten lines per image height and the image subtended 14 minutes of arc. Under the same scan
line and image size conditions, Erickson and Hemingway (1970) (reference 9) found that only
about 84 percent of the military vehicles presented could be correctly identified. The vehicles
were photographed against a homogeneous terrain background. and then were statically presented
to the viewer by scanning the photographs with a TV camera. Using actual targets in their natu-
ral surrounding and a dynamic viewing presentation (reconnaissance transparencies projected to

simulate range closure). Bruns et al (1970) (reference 3) obtained oaly about 63 porcent correct
target identification.
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The implication of these findings to research is clear. Laboratory research must incorporate
a task structure which is similar to the environment to which the results are to be generalized.
If an aitborne television display is to be used to detect and identify targets in a complex visual
environment, then this environment should be simulated as accurately as possible in the research
situation.

Because the number of scan lines crossing the target is one of the factors limiting target
identification, it is worthwhile to explore methods of increasing this number. There is evidence
to indicate that some gain can be achicved by increasing television scan line rate. Hemingway
and Erickson (1968) (reference 10) found that some information could be transmitted by scun
lines as small as 0.25 minute of arc. Scan line structure was still visible to observers with 20/12
visual acuity at that size. This corresponds to 2,500 scan lines on a 4-inch raster viewed at 18
inches. Visual target recognition was irvestigated by Bennett (1967) (reference 11) who found
that up to a point, higher resolution improves the “coding™ of the display information. How-
ever, there is a limit beyond which increases in resolution do not further improve performance.

Despite Erickson’s success in demonstrating that high line rates should have additional
information transmission capabilities. his comparison (196} (referenice 12) of symbol legibility
between 525- and 875-line systems showed little difference. Similar results were found by
Shurtleff (1966} (reference 13) who compared symbol legibility on 525- and 945-line systems.
Again, no experimental data exists for relating these resuits to the identification of targets in an
operational environment.

One means of increasing the number of scan lines crossing the horizostally elongated tar-
get without increasing the line rate of the system would be to orient the scan lines vertically.
This can be-accomplished by rotating the television menitor deflection yoke 90 degrees. Orient-
ing the scan lines vertically will result in more scan lines across the target because miost tactical
missile targets present a greater width than height dimension on the airborne TV display. There
are two causes for this phenomena. Fisst. the oblique angle from which targets are scen results
in foreshortening of the height demension. Second. attacking aircraft would normally sclect a
broadside heading to the target (c.g.. a bridge) which would maximize the appareat target area
on the display. The authors know of no previous target detection and identitication research in
which scan line orientation was a variable: therefore. it was included in the experimental design
as a variable.

Another finding of the Bruns et al (1970) (reference 3) study was that next to target size.
target contrast is the most important target characteristic for target identification. Contzas:
enhancement techniques are avaifable which can be used to “boost™ target contrast. but at some
cost in display quality. Exactly how much target contiast is needed for good target identifica-
tion performance could not be determined from the previous study so taget contrast was in-
cluded as a continuous variable in the present study.

METHOD
Subjects
The subjects were 16 military and civifiun personnel from the Pacific Missile Range and

Naval Missile Center commands at Point Mugu. California. Al had uncorrected or corrected
near binocular visual acuity of 20/20 or betier.
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Equipment

Targets

Five different target shapes, shown in figure 1, were used in the study. The targets were
constructed to a 2,000-to-1 scale and the physical dimensions were 3/16 inch high and 1/2 inch
wide, and were 1 1/2, 1, or 1/2 inch long, respectively, for targets 1, 2, and 3 in figure 1. Targets
4 and 5 are target shapes 1 and 2 rotated 90 degrees. Table 1 contains the scaled sizes of the
targets. The “‘apparent size” is the result of viewing the targets on TV at a 30-degree oblique
angle from the air. Two sets of five targets were used in the study. One set was painted a
lighter color than the other, but all targets within a set were painted the same. On all targets
the sides were made lighter than the top to provide 2 homogenecus con!rast from the back-
ground when viewed on the terrain model through the TV system.

Terrain Model

Background for the targcts was a 2,000-0-1-scale, three-dimensional terrain model, 4 miles
wide and 4 1/2 miles long. The terrain was uninhabited, gently rolling grassland dotted with
scattered brush and trees. No roads or man-made features were present on the terrain except
for the targets. Figure 2 is a photograph of the model. The lines visible in the picture are the
edges of 16 inch-square modules which make up the terrain. The mountain shown in the rear
of the photograph was replaced by terrain similar to that in the foreground during the experi-
ment. The sides of the terrain model are covered with polished steel which forms a reflective
surface and provides continuity at the edges of the model.

It was planned to achieve specified levels of contrast (5 percent, 10 percent, etc.) but this
proved to be extremely difficult for two reasons. First, present lighting for the terrain medel is
provided by overhead fluorescent lights. Because of the inverse square law, these lights provide
more light at the center of the model than at the edges. Fill-in lights were ordered. but did not
arrive in time 1o be used in the experiment. The second problem encountered was that move-

ment of the gantry coniaining the TV camera blocked off an increasing amount of light as the
gantry moved closer to the target location.

In response to these problems, target contrast was made a continuous variable. Eight dif-
ferent locations were selected on the terrain model for target placement. All locations chosen
were level ground. Level sites were necessary to retain the same apparent target size at all sites.
No trees were present within 200 feet of the center of each site. Site brightness was uniform
within 2 percent within a radius of at least 200 fect of the site center. A Spectra Prichard pho-
tometer was used to obtain brightness readings from the face or the TV display used in the study
under the same ambient lighting conditions (10 footlamberts) employed when experimental data
were collected. Percent contrast was then calculated using the following formula:

| Brightness target — Brightness background | X 100 :
Percent contrast =

Brightness Background

The use of this formula for calculating contrast always results in pos tive contrast values with a
possible range from O to infinity. [t also has the advantage of yielding equal values for targets :
that are an equal amount brighter or darker than their background. The percent contrast range :
investigated in this study was from 3 percent to 76 percent. Target backgrounds used were ‘
lighter than the target 60 percent of the time and were darker 40 percent oi the time.
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Table 1. Three-Dimensional Target Sizes Reduced to Two Dimensions on Television .

- — :

T Actual Size (Feet) Apparent Size* (Feet) A € Size A Ratio :

9 - . {Length to Height) :

Length | Width | Height Length Height :

1 250 83 31 250 73 34210 1

2 166 83 31 166 3 227101 5

3 83 83 31 83 73 114101 . y

4 83 166 31 83 115 1 to 1.39 . ¢

; ] 83 250 31 83 156 1 10188 ;

*Results from viswing target on television at a 30-degree oblique angle from the air.

i

i

a 3
P 1 b
=4 i 3
= . %
= 3
;- i
=5 i
] i
g 4
3 k
; Figure 2. Terrain Model. f
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X § Test Material
2 Simulated air-tg-surface target attacks were then video tape-recorded against all factorial b
combinations of target locations (8); target shapes (5); target coloration (2): and scan line orien- !
tation (2)-for a total of 160 sorties. To overcome the problem of varying contrast as a function ;
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of gantry location, gantry position was fixed and a Zoomar 10-to-1 variable speed zoom lens was
used instead to simulate range closure. All attack parameters except aircraft velocity were the
same for all 160 sortiss. Attacks bega:. at an altitude of 27,500 feet and ended at 2,750 feet. A
30-degree dive angle was maintained which resulted in an initial slant range of 55,000 feet and a
terminal slant range of 5,500 feet. Aircraft velocity was constant within each sortie, but varied
from 250 knots to 315 knots acress sorties with a mean of 275 knots. The velocities varied
randomly across sorties because it was difficult to repeatedly achieve exactly the same voltage
output from the rheostat regulating power to the zoom lens drive motors.

A General Electric model TE-9 8-megahertz, 525-line television camera provided the video
imagery. The camera was operated at a constant gain setting by substituting an external refer-
ence voltage in place of the automatic gain control. The simulated target attacks were recorded
on a Sony mode! 120A 3.5-megahertz video tape-recorder.

Each simulated target attack recorded was divided into three phases:

Phase 1. All 160 sorties began with the missile hovering for 30 seconds at an altitude of 27,500
feet at the same geographic position in space. The missile and camera were inclined in a
30-degree dive and were positioned so that the camera was pointed at the approximate 2
center of the temain to be searched.

A RN LT

Phase 2. The missile dove toward the center of the terrain area for 30 seconds at about 275
knots. On'v one building was on the tezrain at a time, and the building was within the
field of view at all times. No other man-made objects were present on the terrain.

[ S U T RNNPT SRS Ty, DPPERSIARC PRI VS TP VPR S RS £ AE G HT L)

Phase 3. After the above minute had elapsed, the missile was instantaneously repositioned back : ’
to 27,500 feet and to the geographic position in space which resulted in the TV camera
being almost boresighted on the target location. The target was now located within a 3
Linch square in the center of the camera field of view. The simulated target attack con- ;
tinued at an average velocity of 275 knots until the missile reached an altitude of 2,750
feet and a slant range of 5,500 feet.

The simulation procedure adopted was designed to be analogous to two situations that 1

might be encountered while guiding a long-range, remotely controlled, television-equipped, air-
to-surface weapon.

Phases 1 and 2 simulate a situation in which the weapon had guided to the general target
. arca using computer-generated midcourse guidance commands. The operator now knows he is
in the general target area without knowing exactly where he is relative to the target. 1t is further
assumed the terrain is so homogenous as to not provide any contextual cues as to target Joca-
tion, or that no precise information was available about the targets location relative to fixed
kindmarks. The provision of phase 1, hover time, was designed to artificially compensaie for the :
search time that would be available to the operator prior to the weapon reaching the altitude

3 and slant range at which the simulation began. It was anticipated that no target identifications
=3 and few, if any, target detections wouid occur in this phase. §_
L Phase 3 assumes the same scenario as above except that the operator knows with certainty %
3 that the weapon is guiding directly toward the target location. His objective is still to detect - %
‘1 and identify the exact target location as soon as possible in order to lock-on to the target. The =
.
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simulation procedure adopted also overcomes an otherwise difficult problem in research method-
ology. The problem is to ensure that all subjects have an equal opportunity to detect and
identify the target. If subjects are allowed to fly around the model locking for the target, the
target mght be outside the TV field of view much of the time, thereby yielding excessively short
slant rariges when detected. Similarly, if simulated target attacks were boresighted on the center
of the model throughout the attack, targets closer to the center of the model would have a
higher probability of remaining in the picture longer than would those on the edge of the model.

If the camera were moved to keep the target in the picture, this movement would provide a cue
as to target location.

Presentation and Response Recording Apparatus

Simulated target attacks were presented to the subjects on two CONRAC CNB8 8-inch
television monitors which were converted from a 5.4-by-7-inch to a 5.4-by-5.4-inch raster by
masking off part of the rastes. One of the monitors had the conventional horizontal scan line
orientation; on the other, the yoke was deflected 90 degrees to present a vertical scan line orien- !

. . . . 4
tation. Masking was necessary because rotating the raster 90 degrees results in blank areas on ]

the left and right edges of thc display. The displays were adjusted to obtain matched video
appearance.

P P R R VErE ST TSN TR PR R R L B e

Brightness, resolution, and gray step readings were obtained from the playback of video
tape-recorded RETMA chart using the same television equipment used in the study. Display
brightness varied less than 5 percent between monitors as measured with a Spectra Prichard
photometer. Center and corner resolutions were determined by visually observing the number
of resolution grid lines that could be separately distinguished. The number of logarithmic gray
steps distinguishable was visually determined for each of the four patterns on the RETMA chart
and then averaged. Tabie 2 describes these display characteristics.

Table 2. Television Monitor Display Characteristics

Note: Display brighiness varied less than 5 percent between monitors.

] ] Distinguishable Resolution Lines Distinguishable
Picture Quality Geay St
Canter Corners Yy Steps
Paraliel to scan lines 375 350 9
Perpendicular to scan lines 350 325 9
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The subject viewing area was a semidarkcned roons with ambient illumination of about
10 footlamberts. The display being viewed was mounted on a table at eye level when the sub-
ject was seated. Subject-to-monitor viewing distance was controlled by having the «ubject rest
his forehead against a padded bar. The monitor was then moved to achieve the desired viewing
distance. Seating height was controlled with an adjustable chair. Figure 3 shows the subject’s
viewing station, and figure 4, the expermenter’s control station.
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The units of data recorded by the experimenter were (1) the times from the start of the

attack until target detection and identification, (2) whether detection was correct, and (3) what
target the subjects identified.

A tone was placed on the audio channel of the video tapes at the start of each simulated
attack. This tczs, Zeset to O, started a Hewlett-Packard model 5212A electronic counter which
provided timing data to the nearest tenth of a second. The counter was linked to a Hewlett-
Packard model 562A digital recorder which provided a paper readout every time a subject ini-
tiated a response. The digital recorder also printed the number of the target selected at target
identification. This information was transmitted from the subject’s response apparratus through
a Newcomb SA-80B amplifier which also displayed a 5-light array used to visually indicate to the
experimenter which target had been selected.

Figure 4. Expesimenter’s Control Station.

PROCEDURE

The subject indicated target detection with a joystick control by placing a <rosshair on the
target location and then czpressing a pushbutton located on the lower left portion of the
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response console. The crosshans were generated with a Raytheon electronic television pointer
installed in series with the video line of the television system. The subject indicated target

id utification by depressing a pushbuiton which corresponded to two photographs of the target
st above the button. (The upper row of photographs in figure 3 are not the ones used in the
studv.y Each vertically arranged pair of photographs was identical except that one was taken
from the display with horizontal scan lines and the other was taken with vertical scan lines.
Only onr set of photographs corresponding to the scan line orientation in use was then used as
briefing material. The reason for this procedure was that if scan line orientation does make a
difference in target detection or identification, tien use of only one set of photographs would

bias the results.

The suitability of all procedures outlined herzin was evaluated by “dry-running” two
experimental sessions. Each session was also preceded by five practice runs. Instructions to
subjucts are contained in the appendix. Printed instructions were given to the subjects, and
then the instructions were read aloud by the experimenter.

. EXPERIMENTAL DESIGN

Sixteen subjects each observed 40 simulated attacks, for a total of 640 observations.
Since the 640 observations were evenly divided across 160 different attacks, as shown in table 3,
each attack was replicated 4 times during the experiment. The 40 attacks viewed by each sub-
ject were divided into 4 parts of 10 attacks each. The horizontal and vertical scan line monitors
were changed after every 10 attacks. Subjects saw an equal number of attacks on each monitor,
and the order of monitor usage was balanced every two subjects. Within each group of 10
attacks, 5 were made against the darker targets and 5 were made against the lighter targets.
Within these constraints, the order of attack presentation was randomly drawn without replace-

ment. Table 3 illustrates this procedure by showing the first 20 attacks presented to subject one.

Table 3. Matrix of 160 Target Attacks Used in Study,
{Order of presentation for the first 20 attacks presented to subject one.)

Horizontal Vertica!
Scan Line Orientation Scan Line Orientation
Target
Target Location: Target Location:
12 3 45 6781123465678
1 5 6 ‘ 17
2 3 19 15
Darker 3 14
4 12
5 4 8
1 13
2 |7
Lighter 3 9 1 20
4 10 2 18
s 11 16

15
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Monitor viewing distance was also changed each time scan line orientation was varied.
Assignments of viewing distances to the cades a. b, ¢. and d were randomly determined. The
viewing distances selected resulted in display subtended angle heights and widths of 9, 12, {5,
and 18 degrees. Each of the four viewing distances was used for every subject. A batanced-for-
residual-effects latin square shown in table 4 was developed for every four subjects. Under this
arrangement, the order of viewing distances used is balanced across subjects. in the event that
any viewing distance carryover etfect exists, this eftect will be equally distributed across subjects
and thus can be partialed out statistically (Cochran, 1957) (reference 14).

Table 4. Sequence of Display Viewing
Distances Used With Subjects

Subject Sequence*
1. 5.9 13 a b ¢
2, 6,10, 14 b d a ¢
3. 7.1 15 ¢c a d b
4. 8,12, 16 d ¢ b 2

*View re distanices: 2 = 16,6 in b = 199 m,
¢=250in.d = 334 m

RESULTS

The analysis of the data wiis accomplished in three phases: (1) construction of a lincar
model. (2) least squares fitting and variance partitioning for this model. and (3) analysis of the

fitted model.

The Model

Under the model developed for cach of the following analyses, each score was thought of
as having 14 additive components. These included the seven following “simple components™:

Subjects (S)-a component reflecting which of the 16 subjects generated the score
Blocks (B)-a component denoting in which of the four time periods the score was made

Display viewing angle (DVA)--a companent denoting under which of the four DVA condi-
tions the score resulted

Targets (T)-a component indicating which of the five target shapes was emploved
Contrast (C)-—the percent contrast present when the observation was made

Scan line orientation (SLO)-a component reflecting whether the TV lines were vertical or
horizontal when the observation was made

Grand average—a component present in all scores
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5 K In addition there were six components which were the “logical products™ of the simple com-
2;; # ponents. They were labeled as foliows: DVA*T. DVA*(. DVA*SLO: T*C: T*SLO: and
> . - . - . . PP
3 3 DVA*T*C. Euch of these components denotes that a particufar combination of conditions was
%ﬁ 3 present when an observation was made. For example. the DVA*T term for an observation indi-
%: 5 cates both the particular display viewing angle and the target under which the observation was
3 ?‘ made. These ierms are frequently called “interactions™—as they will for the rest of this paper.
2 . - - - . . -
A 3 The last component was termed “error™ and retlected the variance associated with a particular
% . observation which was not explained by the model.
S X
& Both the least squares fitting and the variance partitioning were accomplished by using a
% - generalized multiple regression analysis computer program. BMDU2R. developed at the University
;2« of California, Los Angeles (Dixon, 1963) (reference 15). This program, as employed. falls under
> ] Overall and Spiegel’s (1969) (reference 16) Method 1: “Complete Linear Model Analysis.”™ This
3 3 program, as applied in the present case, sequentially extracted the effects of various sources of
3 . . - - . . .
3 1 variance and printed the amount of variance contributed by each term independently of all
% : preceding terms.
5 i
2 % The order that the terms were removed in the anaiysis to be presented was the same order d
;% g that the terms were incorporated in the model:  subjects. biocks. display viewing angle. targets,
g ! contrast, scan line orientation, and the various interaction effects. Since subjects. blocks, display
goey - . - " -
23 % viewing angle. and targets were designed to be orthogonal to cach other. the order of their
' - - - .
% H removal was unimportant. Contrast, however. was effectively a continuous random variable
s % which resulted in extraction order being of interest. This wasn’t of practical interest because.
3 i as will be scen later. no terms bevond scan line orientation were significant.  Subsequent to vari-
4 z .- . - - g
% i ance partitioning. the sources were tested for signiticance. These results were then used to
§ simplify the model to only terms significant in one of the analysis. This means that the weights
- k4 - . . -
§ are those that would have resulted from a simultancous least squares analvsis with only the

{simple) subjects, targets, contrast, and scan line orientation ternmns included.

Once a linear model had been established. a secondary analysis of the resulting terms was
accomplished. The goal of this analysis was to describe the results graphically and/or 1o attempt
to expiain the results. The nature of the secondary analysis will become clearer when encoun-

1 tered.

Variance Partitioning

The multiple regression analysis just described was applied to three different meusures of
subject performance: (1) slant range at target detection (SRD): (2) slant range at target idemti-
fication (SR1): and (3) probability of correct target identification (PCI). Probability of correct
target detection was not used as 2 performance measure because all subjects achicved correct
target detection by the end of phase 3. All but six correct target detections and all taeget identi-
fications occurred during phase 3. There were only four correct detections in pluse 1 and two
in phase 2. so responses from all three phases were pooled for alf analyses. SRI represents the
subject’s last identification response whether correct or not. There were 87 instances wherein
subjects failed to identify a target by the end of phase 3. In these cases subjects were asked to
make their best guess, and the slant range at the end of the simulated run, 33500 fect. way
entered as the range of target identification. PCI for these “guesses™ was 55.2 percent. which
indicates that the choices were far from :andom. PCl for the complete experiment was 68.8
percent.
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;’ Tables 5, 6, and 7 contain summaries of the analysis of SRD, SRI, and PCI, respectively. ' {{
: 3
g‘ Table 5. Analysis of Slant Range at Detection Summery =
£ %
g (NS = nonsignificant) ;j!
o Source SS df MS F P 3
= s 947| 15 | 0631 | 727 |<o0.00s
£ B 060] 3 0200 | 230 NS 3
& DVA 0s9| 3 |o1r| 227 | s i
3 T 1012 4 2530 | 29.13 | <o0.005 =
& C 23.35 1 [23.350 {26887 |<o0.005 Z
g SLO 1.22 1 1220 | 14.05 | <0.005 Ed
& DVA*T 078 12 0065 | 0.75 NS =
& DVA*C 061 3 0203 234 | Ns %
A DVA*SLO | 025 3 0083 | 096 NS R
2 T*C 067] 4 0168 | 193 NS 4
k. T*SLO 072] 4 0.180 | 2.07 NS E
5 DVA*T*C | 177]| 12 1148 | 1.79 NS 3
2 Error 4985 ] 574 0.087 - - i
Total 100.00 | 639 - - - -
3. p:
5= 3
% Table 6. Analysis of Stant Range at Identification Summary g
L3

E (NS = nonsignificant) H
g i
b Source ss of MS F P §
5 s 1638] 15 | 1002 | 1070 |<o0.00s Z
- B 0.20 3 | 0067 | o066 NS Z
DVA 042 3 | 0140 | 1.37 NS 2

T 8.80 a4 | 2200 | 2156 |<0.005 %

C 12.46 1 12460 |12201 }<0.005 Qv

SLO 0.01 1 o010 010 NS E

DVA*T 113} 12 { 0094 | 092 NS 5

DVA*C 0.25 3 | 0083 | 081 NS e

DVA*SLO 0.32 3 [0107 | 105 NS T

T*C 042 4 jo105 | 103 NS Z

T*SLO 0.29 4 (o013 ]| om NS kS

4 DVA*T*C 0s55] 12 | o004 | 04s NS i
o Ertor 5857 | s14 | 0.102 - - =
z : Total 10000 | 639 - - - 3
There is a distinct pattern to the three summaries of variance partitioning. The samne three ke

simple effects, subjects, targets, and target contrasts, were significant in each analysis at the

p <0.005 leve! except that subject effects were significant at the p <0.025 level for the PCI
criterion. Also, in each of the three analyses, none of the interaction terms were found to be
significant. The only other effect found significant was scan line oriemation which was signifi- -
cant at the p <0.005 level for the SRD criterion. It will be graphically shown later that scan
line orientation follows the same directional trend for the SRI and PCI criteria. 3
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Table 7. Analysis of Probability of Correct ldentificstion Summary

" S -
U 2 memmﬁyé
-
. e
AT ATE RN

(NS = nonsignificant) -

B

Source SS df MS F ] 2
2

s 385| 15 0257 193 |<0.025 5
B 029 3 0097 013 NS 2 7
DVA 0.08 3 0027 020 NS s 2
T 1088) 4 2720| 2047 |<0.005 3
c 2.66 1 2660 2001 {<0.005 E]
SLO 0.22 1 0220} 166 NS ¥
DVAST 009 | 12 0.008 0.06 NS ¢ g 5
DVA*C 0.88 3 0293] 220 NS | f =
DVA*SLO 0.09 3 0030| o023 NS g
T*C 11a | 4 0285 214 NS F
T*SLO 019 4 0048} 036 NS 3
DVA*T*C 134 | 12 0.1i2] 084 NS g
Error 76.29 | 574 0.133 - -
Total 100.00 | 639 - - - E
%

"Q‘A

Table 8 is a comparison of the proportion of variance accounted for by the significant
terms in each of the analyses. For the experiment as a whole, no single effe -. dominates per-
formance. Hence, it is useful to examine the pattern of changes in the comparative importance
of factors across criterions. SRD is the most highly predictable of the three criterions, and
target contras: accounts for more than twice as much variance as the next factor, targets.
Compared to its importance for SRD, target contrast accounts for only about half as much
variance for SRI and only one-eighth as much for PCL. Targets is by far the most important
factor in predicting PCI. but absolute size of the proportion of variance accounted for by tar-
gets is approximately equal for all three criteria. Subject differences are the best predictor of
SRI performance and are of considerable importance for predicting SRD and PCI performance
as well. In summary then, substantial portions of the variance were explained in each of the
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three analyses and the dominant source of variance varied with the criterion being examined. :j
3
i %
Tabie 8. Comparson of Proportion of Variance E
Accounted for Among Criteris g z
H S
SRD | s ] &
%
Subjects 95 | 164 | 39 3
Targets 10.1 89 10.9 E
Contrast 234 125 27 =
Scan line orientation 1.2 NS NS B
Subtotal 44.2 378 175 E:
All nonsignificant terms | 5.9 3.6 6.2 =
Total 50.1 414 237 2
Examining the three analyses one might suspect that a “single factor™ might explain the 'if‘ﬁ?
variance for each of the three criteria. In other words, it might be proposed that the three ﬁ
criteria examined were simple linear transformations of one another. Evidence supporting this =%
contention is shown in table 9 which gives the intercorrelations among SRD, SRI. and PCI. %
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Table 9. intercorrelation of SRD, SRI, 3
and PCl Criteria for all 640 Runs 2
ki

E

SRD | SR1 PCI g‘

X

SRD | 1.000 | 0569+ 0.127* i
SRI 1.000 | 0.173*
PC1 1.000 ;3
2

*Significant p <0.05

Evidence counter to th: sngle {actor hypothesis is indicated by the changes in the sizes
and relative order of importance of “variance-accounter-for sources” indicated in the preceding
paragraph. Also suggestive of differences in the three criteria is the logical argument that the
tasks are essentially different. In view of these considerations it is felt that the criteria reflect

more than one performance dimension.

The wost surprising finding in table 9 is that SRI and PCi are positively correlated. This
means that the farther from the target the subject was when he made his identification, the
more likely it was to be correct. That outcome is a product of the experimental procedure
employed. Recali that on 87 of the 640 runs in the study, no identification was made until
after phase 3 had terminated. PCI on these runs was only 55.2% versus 70.9% for the remainder
of the runs. Since the minimum slant range simulated (5,500 f2es) was assigned to these 87 re-
sponses, a substantial amount of positive correlation between SR and PCI was *“built in™ to the

analysis.

Anilysis of the Fitted Model

1t was shown in the precediiig section that the only effects significant for any of the three
criteria were subjects. targets, contrast, and scan line orientation. Each of these terms is graphi-

cally examined.

Subjects

Subject differences for all three cirteria are shown in figure 5. These differences were
significant at the 0.005 level for SRD and SRI. and at the 0.025 level for PCI. Comparing the
results in figure 5, one can note that the graphs of SRD and SRI are similar in shape. Indeed.
the subjects who had the largest and smallest SRD (subjects 13 and 1, respectively) also had
the largest and smallest average SRI. Other parallels between the two curves are apparent.
This suggests that those subject effects which operated in the SRD task also operated in the

SR1 task.

% % The graph for PCl is not very similar to cither SRD or SRI. However, it is noteworthy
i‘: that as one goes from left to right, each of the three curves has a generally positive slope.
C{ This suggests that some effect was operating which tended to result in improved subject perfor-
mance across criteria as the experiment progressed. Although no completely satisfactory ex-
: i planation for this phenomenon has been found. several possibilities exist. Instructions to the
* L subjects were standardized and were read to the subjects by the experimenter. However, at
S the end of the instructions, the subjects were asked if they had any questions. Many of them
% )
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did, and it is possible that the answers to these questions became more helpfui as the experi-
ment progressed and the experimenter gained more experience. Subjects were provided feed-
back as to the correctness of thei- target identification choice immediately after the end of

each run. Spurious comments b. the experimenter at this time also could have affected per-
formance. Finally, subjects normally do vary considerably in their performance in studies of

this type, and it is possible that the later subjects were simply inately better at these tasks
than the earlier subjects.

Targets

Target diffcrences for SRD, SRI, and PCI criteria are displayed in figure 6. The targets
are presented in order of decreasing perspective area. Two predictors of detection and identifi-
cation performance. perspective target crea (PTA) and perspective target diagonal (PTD) are
also showr in figure 6. PTA is the area which results when three-dimensional targets are re-
duced to two dimensions on TV. The longest diagonal line which can be drawn across the
target on the TV display is the PTD. With all other fuctors held constant and provided visi-
bility is unlimited, target detection slant ranges should be linearly related to perspective target
area except for horizontally elongated targets, based on visual perceptual mechanisms. Percep-
tive target diagonal is also included here as a predictor because in a previous study (Bruns et al,
1970) (reference 3) PTD expressed as an angular measure at the eye of the observer was a better
predictor of target identification performance than was PTA expressed in angular units. Table
10 contains the intercorrelations among PTD, PTA, and the response criteria.

It is evident from table 10, first. that PTD and PTA are highly correlated and second that
PTD correlates higher with all three response criteria than does PTA. PTL and PTA are highly
correlated because the targets used in this study are farily compact. If a combination of com-
pact and greatly elongated targets had been used, the PTD-PTA correlation would have been much
lower. Aithough PTD is a slightly better predictor of SRD, SRI. and PCI performance than is
PTA. it can be demonstrated that at some point PTA will become a better predictor than PTD
as targets become increasingly elongated. If target area were held constant while PTD increased.
a point would be reached where even detection would be impossible because of insufficient tar-
get height. In this case. PTD would be negatively correlated with detection performance, and
PTA would have 0 correlation with detection performance.

The correlations obtained in table 1 can be tested for their ability to account for target
variance for each of the three criteria. Since PTD has the highest correlation with all three per-
formance measures in this study. it will be tested using an F-test. An F-ratio is obtained by
multiplying the sums of squares for targets for a criterion (e.g.. SRD from 1able 5) by the square
of the correlation coefficient shown in table 11 for PTD-SRD. This term is divided by the ap-
propriate degrees of freedom to obtain a mean square which is then divided by the error mean
square from the same aralysis. The resulting F-ratio indicates whether the variance accounted
for by the predictor, PTD, differed significantly from chance. An F-test can also be performed
after the above test has been made to determine if the remaining variance not accounted for by

the predictor differs significantly from chance. The results of these operations are shewn in
table 11.

It is cvident from table 11 that PTD is a significant piedictor of performance on all three
criteria and that it accounts for most of the variance of SRD and SRI. In fact, PTD predicts
SRI to the extent that all remaining SRI variance is probably due to chance. Although PTD
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Table 10. Intercorrelations Among PTD, PTA, and the Response Criteria

PTD
PTA
SRD
SRi

PTD PTA SR SRt PCt
1.000 0993 0.937 0.982 0.335
1.000 0.897 0951 0.213
1.000 0.974 0.409
1.000 0.449
1.000

Table 11. Analysis of Target Variance Accountsd for by PTD and Target
Variancs Accounted for by All Other Factors

]

PRV IPOET)

FOP RS R Y7 R L N S R LA S U

[ORC I PRI

[REPRRNPEY

CHIR AL AL < Weaw

AP tsrden ek

% PiD | ss* | 2 | ssvd | & ms |emse| F p
"-»:

2 SRD | 1012 |o0878] 889 | 1 | 88 Juos?| 1022 | <oo0s
3 sRi | 880 |o9ss4| sa8 | 1 | sas loio2]| 831 |<o.00s 3
B pci | 1088 |o12e| 137 | 1 137 |oa133| 103 | <0005

b F
% Residuals ssss(d) | af Ms | EmS F P :
E% SRD 123 | 3| o4 loos7]| 47| <o000s
2 SRI 032 | 3} 0107 |oa02| 10s| s ;
e PCl 9.53 3| 3170 |0133| 2383] <0.00s :

*Sum of squares and crror mean square data from tabl:s 5, 6.and 7.

aur

is statistically significant in predicting PCI, the amount of variance accounted for is fairly small.
This implics (hat other factors are largely responsible for variation in PCL. Some insight as to
what these factors are can be gained from table !2 which shows how often each target was

corzectly identified and what targets each target was confused with when incorrectly identi- :
fied.

Table 12. Confusion Matrix of Target Identification

Subject Response

R°°"“' Number of Times Identified as Target: 2’:‘ pCl .
sponse 1 2 3 . 5 d i

1 116 _-11 0 0 1 12 0.87

2 43-7 84 __ 1 0 0 4 0.66

3 1 137 100 __13 1 28 ©.78

4 1 6 27--7 84 _ .10 43 0.66

5 1 3 4 64-~ 56 ” 0.44

Total 200 | Average 0.688

The data in table 12 indicate that there were substantial differences in the difficulty of
identifying the various targets. Part of the differences is probably caused by the dissimilarity
in apparent size intervals. A comparison of apparent size data irom table 1 reveals that target
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1 appears 84 feet longer than target 2 wheieas target 5 appears only 41 feet higher than :ar-

\

PUSPOIRY RPN

get 4. Ilowever, this explanation fuils to account for the fact that there is almost no reciproc-

ity of target identification errors (numbers connected by dotted lines in table ?2). Target 5. E
@5: for example, was identified as target 4 sixty-four times, but target 4 was identified as target 5

. only ten times. Although there is no experimental basis for explaining this result, two possi- &
e ble causes have occurred to the experimenters. First, minor diff 2rences in target coloration > 3
%\i could have occurred as a result of handling th~ targets after the runs were video-taped and
b befcre the briefing photographs were taken. Second, minor variations could have occurred to E
the distance. altitude, and downlook of tlie TV camera used to scan the targets. Either of
Py these factors could result in individual targets appearing proportionately larger or smaller in
%: the briefing photographs than they appear in the video tapes.
e H
%"5 The estiinated contrast effects for the SRD, SR, and PCI criteria are shown in figure 7.
5 Contrast was significant for each of the three criteria (p < 0.005). Increased target contrast :
%?‘ results in greater slant range at target detection and identificatioi: and improved target identi- >
% fication accuracy. A comparisor of the contrast data in table 8 with the resuits shown in ;
& figure 7 emphasizes the fact that contrast is proportionately a better predictor of SRI than -
& PCI and an even better predictor of SRD than either SRI ur PCL. E

i

Y

§

> 4
§ The linear nature of the graphs in figure 7 is due to the use of only linear t.rms in the
f‘*g model. However, the use of linear terms resulted in an “unbiased™ estimate of the linear
% component of the general curves underlying the contrast effect. Aithough an “ogive™ curve :
% might reflect the underlying relationship better, it was concluded from examining previous 1
. M

studies that the conlrast effect is effectively linear over the range of contrast examined. The
reader is cautioned, however, not to extrapolate the data beyond the contrast regions shewn
in figure 7.

Scan Line Orientation

The effects of scan line orientation are depicted in figure 8. SLO was found significant
for 1he SRD criterion and insignificant for the SR1 and PCi zriteria. However, the fact that
the differences are all in the same direction for all three criteriz provides supportive evidence
for the superiority of vertical compared to horizontal scan line orientation. Furthermore, ai-
though the magnitude of iryprovement in detection performance is modest (2.000 feet or absut
11 percent). it represents a factor which is under tite sysiem designer’s control and a change
which could be made in future sysiems at small cosi. Inherent target size and contrast. by
comparison. are fixed. and increasing apparent target size and contrast requires expensive sys-
tem modifications involving other tradeoffs as well.

-

Display Viewing Angle

N ORI AR S L

The DVA (display viewing angle) effect was not significant for any of the three criteria.
It was indicated in the introduction that in a previous study (Bruns et al. 1970) (reference 3)
DVA was also found not to affect the range of target identification. but that DVA might be
important for target detection in terms of eye fixations. Although a true unaided target de-
tection task was included in thz experimental design (phases 1 and 2). the failure of the simu-
lated target attacks to proceed closer to the target location in phase 2 resulted in over 99 per-
cent of the target identifications not occurring until the subjects were told that the target was

03

B C iy e » L. : : . T 5 s i ek 2
éﬂ}».ﬁ JREC SUUTTIS T TOUNE L PN/ P S PUUEIL Tk IO VAP TER TG SN PPV 12 PE UGS ML U SO PR ARG E. 2t JORMPTNPEN YT BE I SR RY S




T

A,

S

iofle )
£

TP

e

*,

e T
LIS ST

RPN TR
o «..u‘.

PN AT R LR R AR My g RS T T A VRS T R L gt

WLE

R R e : gy S

Rl YR AR R :ﬁw.&r».ﬁfﬂx_,..w.auf.ii: T pei ISP L A R T R e
. o) CRAEP A e [T

o
by

SRD

SRI

PCt

Q

\
& @

{1334 40 SANVSNOHL) JONVYH LNVIS

SN
)

A SRR

P
e

T A X

13

b

: :
AR &

" e i 4 !
Qe R ap el s A T

(-]
-

g 3

ALINIBYEOUd

wl

. ) iy

70

50

40
CONTRAST (PERCENT)

w Xk
i g '.

re 7. Estimated Contrast Effects on SRD, SRI, and PCI.
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Figure 8. Scan Line Orientation Differences in SRD, SR, and PCI.
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within a l-inch square at the center of the display (phase 3). Under these conditions very
fittle shifting of eye-fixation points was necessary, and it is felt that a true test of the relation-
ship of DVA to unaided target detection was not accomplished in this study. One factor
which suggests that DVA might be important for target detection is that of the three criteria,
SRD, SRI, and PCI, DVA comes closest to statistical significance with SRD (0.10>p>0.05).
Figure 9 contains the DVA regression weights for SRD. These weights are slant range in feet
relative to DVA 18 degrees which is set to 0 in the analysis.

2,000

1,000

SLANT RANGE (FEET)

6 9 12 15 13 2
DISPLAY VIEWING ANGLE HEIGHT AND WIDTH (DEGREES)

Ly L2l i e AL s b O L ADT 1 h e d T T T e sl e seneRl AL U a0

[2%Y

Figure 9. Change in SRD as DVA Changes.

S it s s

Maximum detection range occurs when DVA is 12 degrees, and performance tends to
degrade when moving toward the extremes of the DVAs tested. These results are not conclu-
sive because of the substantial possibility that they could have occurred by chance, but they
strongly suggest that further research should be undertaken on this parameter.

Raster Scan Lines and Image Subtense

In the introduction to this report it was indicated that several researchers had found that
two conditions had to be met before an object could be identified on television. An object
must be 2 minimal size in terms of angular subtense at the eye of the viewer, and a minimal
number of television raster scan lines must cross the object. Calculations based upon the data
contained in figure 9 indicat2d that average target angular subtense for target detection is at a
minimum when the DVA is 9 degrees. Although average physical target size on the monitors
is slightly smaller with a 12-degree DVA, the fact that the observer is closer to the display re-
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sults in a larger target angular subtense than with a 9-degree DVA. Target angular subtense is

also minimal for target identification when the DVA is 9 degrees. Table 13 contains the aver-

§ age target angular subtense and number of raster scan lines crossing the target for both target
e detection and identification when a 9-degree DVA is used. H
Y 3
4 :
P The data in table 13 indicate that substantial differences exist amaong targets in terms of 3
the average number of scan lines crossing the target and the target angular subtense required for 3
b both detection and identification. Two trends are evident. First, the greater the elongation of Z
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Table 13. Average Target Angular Subteuse and Number of Raster Scan Lines Crassing Targets for

;*é
& Target Oetection and Target Identification When the DVA Height and Width is 9 Degrees i
Detection
23 . Scan Target Asgular TAS Area :
£ Torger | Formoective  JAspect| .o ) cnes Line | Subtense (Minutes |(Square Minutes ;
é Size (Feet) Ratio Area of Arc) of Arc) ;
2 4
Z 1 250x 73 3.42 262 x 7.47 196 36.5 x 10.3 376 :
=3 2 166 x 73 221 18.8 x 8.04 151 262x11.4 299
g 3 83x73 1.14 11.2 x 9.59 107 155 x 134 208 ;
= 4 115x 83 1.39 14.7x10.6 156 20.7 x 14.8 306
2 5 156 x 83 1.83 19.3x 104 201 26.8 x 14.5 389 j
% Average | 154x77 2.00 180x 9.22 162 251 x 128 316
%; \dentification
S i
£ Scan Target Angular TAS Area ;
Target Scan Lines Line Subtense (Minutes {Square Minutes B
% Arcs of Arc) of Arc) :
e ;
& 1 344 x 9.85 339 132x 138 665
& 2 220 x 9.42 207 307 x 131 402 ;
- ‘ 130x 11.2 146 182 x 155 282 ;
5 4 178 x 128 228 248 x 17.9 444 :
E:‘ 5 233 x 126 294 328x175 574
g Average 221x 112 243 309 x156 473 :
[53 :
g

the target either horizontally or vertically, the larger it must be to be both detected and iden-
tified. Second, targets which are vertically oriented on the monitor (targets 4 and 5) are larg-
er when detected and identified than those which are horizontally orientated (targets 1. 2,

and 3). Both of these findings are consistent with visual perceptual theory although the mag-
nitude of difference is greater than predicted. Research by Kristofferson (1954, 1957) (ref-
erences 17 and 18) discussed by Dember (1965) (reference 19) has shown that the greater

the compactnes of an object, the more easily it is detected and research has found that human
visual acuity is better horizontally than vertically. Another factor making targets 4 and $ more
difficult to identify than expected is the fact that both their physical size and aspect ratios are
closer to each other than targets 1, 2, and 3.
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Another interesting pheonoma is evident when the scan line data in table 13 are combined
with the slant range data of tables 5 and 6. Since only one raster size and only one scan line
rate were used in the study, the number of scan lines crossing the target is linearly related to the
slant range data for each scan line orientation. If the number of scan lines crossing ihe target
were the critical parameter, it would be expected that when the scan line orientation is perpen-
) dicular to the target length, detectior: and identification should occur sooner than when scan
line orientation is parailsied to target length. If this happened, the T*SLO interaction should
be significant ir the variance partitioning. The data in table 6 reveal virtuaily no interaction
occurred for target identification, nor was SLO a significant main effect. However, for target
detection SLO was a statistically significant main effect and T*SLO just missed being statis-
tieally significant (0.10>p>0.05). This means that thete is a substantial probability that a
target-scan line orientation interaction exists although the proportion of variance accounted
for is less than 1 percent. Further research is necessary before a defini:wve statement can be
made about the extent of the interaction between target orientation and scan line orientation.
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The data in table 13 indicate that it is difficult to generalize concerning a single average
target size or number of scan lines crossing the target for either target detection or target iden-
tification. Furthermore, the average values obtained are probably task dependent—particularly
for target identification. In most comparable research studies, targsts usually can be aligned so
that they are viewed broadside. Then, both the number of scan lines aad target angular sub- .
tense are expressed relative to target height on the monitor. I’ the overall target detection 3

v

5

% results of this study are expressed in these terms, about 9.2 scan lines across the perspective

%‘f target height dimension combined with a perspective target height angular subtense of about

& 12.8 minutes of arc are the minimal conditions necessary for a 50 percent cumulative probabil- i

= pe P

g; ity of ccrrect target detection. If a normal distribution of detection responses is assumed, the i ;
g; SRD standard deviation of 8,849 feet can be used to calculate any other cumulative probabil-
3 ity of target detection. This assumption has been checked by the authors for both actual and 3
& simuiated detection data and has been generally found to be true. Under this assumption 90 3
x 8 p 2
£ percent of the targets in the experiment would have been detected when 14.7 scan lines crossed
g the target with a corresponding target angular subtense of 20.4 minutes of arc. Since DVA was -
2. Sp 8 K
= not significant in the SRD analysis, noving closer to the TV display and ihereby increasing the
-2 terget angular subtense will not appreciably change the target detection probability. :
i PP 8 P b
: ;

DISCUSSION

One question of immediate concern to the author is “How generalizable are the results
of this study to an operational environment?” It is felt that the findings of the relative impor-
. tance of the variables investigated are generalizable when the real world tasks are similar. Of
’ the three response criteria used, the SRD task is most nearly like that encountered under cer-
tain operational conditions. These conditions are (1) minimal target surround cues, (2) similar
equipment characteristics, (3) equivalent environmental conditions, (4) similar target character-
istics, and (5) the observer must know where on his display the target is likely to appear. If
substantial differences exist on these variables between the simulation and the operational
situation, the range at which target detection occurs will change. The relative importance of
the independent variables investigated in this study hopefully would not change nearly as much.
For example, in an operational situation where the target is a dam on a river, the widening of i
the river behind the dam would enable the dam to be detected at a much greater slant range
than would be predicted based solely on the size and contrast of the dam. However, when com-
pared with the detection range of other dams on rivers, knowing the size and contrast of each
should permit a good comparative SRD prediction.
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The target identification tasks used in this study are not as similar to the operational
situation as the detection task. The PCl results werz almost completely a function of how
close the target sizes and shapes were to each cther. The identification task basically was
one of height-to-widtk ratio comparisons- not usually the task required of an zirborne observer.
Generally, the airborne observer’s identification task invoives both the detection of a number
of “features™ of an object and a comparison of those features with either a photograph or a
“mental image™ of the object. When the observer has satisfied an internal criterion of cer-
tainty that the object being viewed is what he has been searching for, he commits himself
by taking appropriate action. Hence, the identification task involves a2 number of feature
detection tasks. ‘This suggests that the results for the SRD criteria alwo have relevance for the
identification task. For these r2asons, the majcrity of the secommendations will be based upon
conclusions drawn from the SRD results.
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CONCLUSIONS AND RECOMMENDATIONS

Target contrast was the most important variable affecting target detection and was the
second most important, after subjects, affecting target identification. The actual contrast of
the target with its surroundings is not under the system designer’s control. However, the
apparent contrast between a target and its background can be increased by using contrast
enhancement techniques which selectively amplify certain portions of the video signal. Be-

cause of the great importance of contrast to target detection and identification, developmental
work m this area should be accelerated.

‘Although scan line orientation is not nearly as important a variable as contiast, a switch
to vertical scan in future systems could he made with little additional cost. Before such a
change is unqualifiedly recommended; however, further research should be performed to verify

the results of this study. Future work under this AIRTASK will test the generality of the scan
line orientation results discovered in this study.

As noted earlier, display viewing angle was not significant for any of the three criteria
altiough it came closest for SRD (0.10>p>0.05). Future research will be designed to include
a target detection task involving search across the entire display. The present findings suggest,
although they do not prove, that a 12-degree display viewing angle height may be optimum.

In summary, based on the results of this study, it is recommended that further research
focus on (1) techniques for contrast image enhancement, (2) verification of the superjority of
vertical versus horizontal scan line orientation, and (3) delineation of the effects of display
wiewing angle upon a target detection task requiring search across the entire television display.
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APPENDIX

INSTRUCTIONS TO SUBJECTS

“You are about to participate in an experiment designed tc  termine the effects of target
contrast, display viewing distance, and television raster scan line v.ientation upon your ability to

detect and identify buildings on the ground as seen from an attacking aircraft or missile’s video
tape flight record.

“Please be seated in this chair and adjust its height so that your forehead will rest against
the padded bar when you are viewing the display. Please rest your forehead against the padded
bar during each target attack and view the display with both eyes. (Demonstrate) Your head

should be approximately centered on the padded bar. When not viewing the display, you may
sit back in your chair.

“On the console below the display are five photographs, each containing a picture of a
different rectangular building as it would appear close up from the air. All five photographs
show the same background. This background is representative of the type of terrain wherein
the buildings will be found, but it is not the exact background for any of the target placements.

“Your task is to search the imagery to be shown on the display to see if (1) you can de-
teci any one of these five buildings, and (2) if you can identify which building it is that you
have deiected. When you have spotted an object that you believe is one of these buildings,
place the tracking gate around the object and depress and rclease the pushbutton located on

the lower left portion of the console. Then move the tracking gate off the display to the
right. (Demonstrate).

“If you find that the object which you designated is not one of the five buildings in the

photographs, resume your search for the building and repeat the target-marking process when
you detect a building.

**As soon as you can identify which building you have detected, depress and release the
pushbutton below the photograph of that building. Continue watching the display to verify
that your identification is correct. If you decide that you have selected the wrong photograph,
depress and release the pushbutton beneath the correct photograph.
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“Each simulated target attack presentation is divided into three phases:

i

Phase 1. All attacks will begin from the same point in space with the aircraft hovering for 30
seconds at an altitude of 27,500 feet. The aircraft and camera will be inclined in a 30-
degree dive and will be positioned so that the camera is pointed at approximately the
center of the terrain to be searched.
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Phase 2. The aircraft will then proceed toward the center of the terrain area for 30 seconds at
about 350 knots. Only one building will be on the terrain at a time and this building will
be within the field of view at all times. No other man-made objects will be present on the
terrain.
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Phasc 3. After the above 60 seconds have elapsed, the aircraft will be instantly repositioned
so that the television camera is boresighted on the target location. The target wiil now
appear within 1/2 inch of the dot marking the center of the display. The target attack
will restart from 27,500 feet and will coninue until the aircraft reaches 2,750 feet.
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“Repeat the target detection and identification process described above whether you
have alieady done so or not. We will begin with five practice attacks. The duration of the
experiment will be about 2 hours. Are there any questions?”
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