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INTRODUCTION

A number of mathematical models of target  acquisition hav e been

L developed to pr edict the performance of electro-optical sensor systems.
None of these models, however , adequately t rea ts  the influence of the back-
ground scene on operator tactical target detection and recognition. Most
assume a uniform background of some average luminance; a situation that is
unlikely to occur in any realistic mission. The failure to include the influence

of back grounds of va ry ing complexity m a y  result in erroneous predictions of

r performance that are highly optimistic. Three of the four laboratory expert-
• 
I ments reported examined the effect of the background scene on target detection

performance. Experiment 1 determined the magnitude of the effect of back-

ground scene complexity and its interaction with selected sensor and display

variables. Experiment 2 identified potential metrics which could be used to

quantif y the complexity of a scene. Experiment  3 considered the adequacy of
these various metrics as predictors of the time required to detect a tactical
target in realistic terrain background s. The data from these three experi-

ments were also used to examine the type of model required to predict the
- influence of the scene and the target within the scene.

A complete model of target  detection performance will also have to

account for the sensor search process required to get the target  into the
) f ield-of-view. Present models only attempt to predict per formance  when the

target is known to be within the field-of-view of the sensor. In actual missions

the uncertainty in target location may be sufficiently great to require consider-
able sensor search. If this is the case , issues of sensor f ie ld-of-view and

search method become important . The fourth experiment examined these
variables.

1 
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BACKGROUND EXPERIMENTS 1 - 3

Mathematical models of target acquisition performance, as

I representations of the world in a more abstract space , can be importan t and
powerfu l tools for use in the design of imaging sensor systems. Models
formally define the relations among objects in the world in mathematical
terms and the resulting abstraction can be exercised using the rules of logic

T and mathematics to test the implied consequences. By using a model , a
designer can determine the impact of a contemplated design with out the time

1 

and cost of actually building a system for test .  Alternatively,  a strategist
might exercise a model of an existing system under a variety of tactical
situations to assess the best method of dep loy ing the system.

Whatever the use of the model, cor rect decision s can be made only
if the model accurately predicts real-world performance. Accurate predic-
tions, in turn, require that all parameter s that significantly affect system

performance be included in the formulation of the model. This means that

the characteristics of the sensor , the display, the atmosphere , the observer,
• the target, the background scene, and the inter-relations among these param-

eters need to be considered for inclusion in a complete model . The research
reported in the present paper directs itself toward the issues of background

-- scene complexity, its quantification, its influence on target  search and
detection, and its impact on the formulation of a mathematical model.

-- SCENE COMPLEXITY

An observer ’s ability to detect and recognize tactical targets located

in realistic ter rain may be strong ly influenced by the characteristics of that
terrain. A vehicle located in a broad expanse of open desert sand or in the

middle of a la rge meadow wili be easil y detected provided that the target has
a contrast ratio above the psychophysical threshold of the observer. The

same vehicle located in an area of heavy vegetation will be much more difficult
to detect because of the large numbe r of competing objects with characteristics

• apparently similar to the target. Aspe cts of the background scene and the loca-
tion of the target in the scene can be expected to influence the method used and
the time required to search for the target as well as the time and probability of

1 
3
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detecting and recognizing the target. Thus, any effort to predict the target
detection performance of an imaging sensor sys tem , whether  by means of a
mathematical model , or some other more qualitative method , must consider
the potential contribution of the back 4round scene on observer search and

detection performance .

A number of mathematical models of target acquisition have been
developed to predict operator performance as a function of electro-optical
sensor and disp lay variables.  Stathacopoulos , Gilmore, and Rohr inger  (1976)
reviewed fourteen of these and noted that in all of the models ~the descripcions

of targets and background s include only the most basic parameters...

(p. 92). As the authors note, none of the subtle target optical signature

characteristic s such as shadows, highl ights , and viewing angle are modeled .
Instead, the models consider only target-to-back ground contrast, based on

some measure of radiated target energy, and target size. Those that ~nclud e

any background complexity inputs at all, provide only for the relatively
nebulus specification of number of confusing objects . Further , these models

base their predictions of the effect of background on the research of Boynton

and Bush (1955; 1957) — data obtained using a r b i t r a r y  abs t r ac t  geometric
forms as stimulus material. Although there is little reason to doubt the

findings of Boynton and Bush, there is, at the present time, no way of relating

their data to the characteristics of real-world scenes.

The rudimentary treatment of background scene effects in present

models results from a number of factors. I’irst , little data exist on which

an understanding of the influence of background on target search, detection,

and recognition can be based. In the absence of appropriate data, the develop-

ment of a model represents a formidable , if not impossible , task. Data are

needed which will provide direction for the quantitative inclu sion of scene

characteristics in a model of target acquisition , in cluding consideration of -
~~~

the form of the model, to determine if present approaches have the necessary
• flexibility.

Another factor inhibiting the inclusion of background effects in present

models is the resultant increase in computational effort, particularly if the

characteristics of the background interact with other factors such as sensor

parameters requiring the calculation of many additional terms. A lthough the

increased computation is feasible , it will be reasonable onl y if the accuracy
of prediction impr oves si gnificantl y. Thus, the magnitude of the effect of 

~~~~~~~~~



‘I
background scene need s to be assessed to determine if the increase in model

• complexity is justified.

- 
The research reported here  provides initial data related to each of the

need s outlined above. The magnitude of the back ground scene complexit y
effect  and its interaction with selected sensor and disp lay parameters  were
assessed using photographs of actual terrain and realistic targets. The

feasibility of using quantitative metrics as descr iptors  of scene complexity
-
~ and predictors of performance was examined and an initial consideration of

the required model form was made using the data obtained .

APPROACH

Three experiments were conducted to examine the effect of back ground
complexity on target  search and detection performance.  In all experiments

- .  
the stimulu s materials were forward obli que aerial photographs of actual
terrain with tactical vehicle targets  photographically embedded. Although ,
any complete model of electro-optical sensor system requires , ultimately, the
inclusion of the infrared spect rum as well as the visibl e, it is expected that the

- majori ty of the operator’s perceptual character is t ics  will remain unchanged.
Because of thi s expectation, the initial work under taken here  used imagery
representative of that obtained from a hi gh quality television sensor.

The f i r s t  experiment examined the magnitude of the effect  of scene
complexity and its potential in teract ion with va r ious  sensor and disp lay param-
eters .  The factorial  combination of two levels of back ground scene complexity,

- two levels of ta rge t - to-background contrast , two levels of disp lay resolution ,
• two levels of target  subtense , and three target  vehicle types was examined.

- In addition, three target types , two resolution, and two target  subtenses were
L examined with a uniform background to allow a comparison between this

abstract situation and the more realist ic back ground situation.
• Experiments 2 and 3 exam ined the use of quantitative measures or
• metric s of scene complexity as a means of including background effects in a

I target  acquisition model. Experiment 2 asked subjects to describe those
• target  and scene charac ter i s t ics  they felt would strong l y affect detection of the

‘ 
vehicle, Experiment 3 examined the predictive capability of scene metr ics
using a r eg re s s ion  approach. The metrics considered in this study were

those suggested b y the result s of the second experiment.

1 
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EXPERIMENT 1

The first  experiment examined the effect of high and low back ground
complexity on the time required to detect a tactical vehicle in a realistic
scene. Additionally target-to-background c ontrast , disp lay resolution and

I angular subtense of the target were manipulated because of the probability
that they might interact with scene complexity. A final variable , tar get type,
was also examined to determine if additional consideration of target  effects

4, was required . A uniform gray background with zero com plexity was also
examined in combination with display resolution, target subtense and target
type.

On a static monochrome display with a stationary target , detection
and recognition can be accomplished along onl y two dimensions: luminance

• 

• 
and spatial. In the case of a target located in a uniform back ground , the

• luminance factors will predominate because there is no need to discriminate
shape characteristics of the target. The object of the approximate size with

-. a luminance different than the back ground must be the target .  However , a
target located in a real-world back ground cannot be detected as easily on the

-. 
basis of luminance unless the target - to-background cont ras t  is v e r y  high
resulting in a target  that is much bri ghter  or darker  than any other object in
the field-of-view. With less extreme values of contrast  where other objects
are of equal luminance, target  detection must rel y, to a greater  extent , on
the spatial characterist ic or shape of the target.  Detection with complex

- . back ground scenes thus includes recognition to the point of classif ying the
object as a tentative member of the target set.

With real-world scenes of low complexit y. only a few objects of similar
size and luminance to the target  will be present and ta rge t - to-background
contrast may remain a significant cue to the target .  However , as the scene

I becomes more complex a great many objects can have luminances similar

• to the target , thu s making the task more one of shape discrimination. Because
• of the shift toward a form or shape discrimination task it may be that target-

to-background contrast make s little difference with high complexity back-

grounds. This potential for an interaction between target- to-background con-
trast and background complexity requires examination.

1 7
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The literature discussing contrast  general ly indicates that detection
performance increases with increasing contrast with the largest  changes
occurring at low contrasts. Because of differing m ethods of calculating
contrast (see Statacopoulos , Gilmore and Rohringer , 1976 , p. 119-122 for
a partial list) it is difficult to compare actual contrast values across  studies.
It is clear , however , that contrast can hav e a large effect  whether the display
is of abstract figures (Boynton and Bu sh , 1955; 1956; 1957; Peterson and
Dugas , 1972) or real scenes (Bergert  and Fowler , 1970). Because of the
knowi~ effect of contrast  and because of the probability of an interaction
between contrast and scene complexity, two levels of contrast were examined .

Psychophysical experiments examining threshold contrast  detection

have demonstrated an interaction between visual subtense of the target  and
contrast (Blackwell , 1946). Small subtense targets  require higher  contrast

for threshold detection, Although the present study does not deal with thresh-
old detection , there is evidence that an interaction between visual ang le sub-

tended b y the target  and target- to-background contrast  will nonetheless exist

(Boynton and Bush , 1955; Crai g, 1974).
The visual  ang le subtended by the target  can be manipulated in two

ways . The field-of-view of the sensor can be reduced and the resultin g

increase in magnification will produce a larger  target  size. This method has
the disadvantage of changing the extent of the back ground which indirectly
could change its complexity. Fur ther , the number of resolution lines across
the target would increase with the smaller field-of-view. As both scene corn-
plexity and resolution were variables of interest  in the present  stu d y, changing
subtense by changing fi eld-of-view would have created confounded results .

The second method for man& pulating target  subtense is to change the

subject to display distance. This method causes the visual angle subtended
by the entire display to change with target  subtense.  It was not possible to
change the size of the target alone because that would have made the target
an inappropriate size compared to the other objects in the scene: a difficulty
not present with abstract stimulus m aterials. Although it is possible that
changes in the angle subtended b y the display could affect  the search portion
of the task , this potential problem appeared less serious and subtcnse  was
manipulated b y changing viewing distance.

Resolution, and more particularly the number of resolution lines
across the target , is a variable that is known to have an effect on target

8
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I recognition performance and is included as a key parameter in some models .
In those cases where target to background contrast is low, and target detec-
tion must be accomplished by discriminating the shape of the target , the

j number of lines across the target can have a major effect  on performance.
With too few lines it may be difficult to distinguish between a target  and a

• t ree or other clutter object . With high contrast or low complexity background s
I ~ resolution may be of less importance because the detection can be accomplished

on the basis of brightness differences.

I - METHOD

The experiment examined the effects of five variables on an operators

- 
ability to detect tactical targets in realistic terrain backgrounds.  These
variables and their levels are given in Table 1. In addition , special cases
with non-realistic, plain back ground s were sampled to provide an additional
level of back ground complexity.

TABLE 1. EXPERIMENT I: VARIABLES AND LEVELS

- 
Main Expe riment

Within Subject

Target - to-background contrast  0.7 and 2.0

Target  type APC , tank , and t ruck

Scene complexity* Low and hi gh

Between Subjects

Disp lay resolution 240 and 480 TV lines

Target subtense 0.178 and 0.356 arc g rads
• 

1 
(9 .6 and 19.2 arc minutes)

Special Uniform Back ground Condition

Between Subjects

Display resolution 240 and 480 TV line s

Target subtense 0.178 and 0.356 arc grad s
- 

I 

(9 .6 and 19 .2 arc minutes)

*Balured on subjective ranking by six judges viewing scenes without
target present.

9
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Stimuli

The image scenes used were low altitude oblique photographs of rural
New York Stat e with target vehicles opticall y em bedded. The characte ristics
of the scenes were reasonably representative of the t e r ra in  found in Central
Europe. The ori ginal films, from which the background scenes were selected ,
were 44.44 b y 44 .44 grad (40 x 40 degree)  forward view aerial reconnaissance

photographs taken from approximately 910 meters  (3000 feet)  altitude with a

camera depression ang le of 22 . 22 grad s (20 degrees) .  These latter two
values are somewhat greater  than is normally characteri stic of A r m y  hel i-
copter operations , however , the use of lower altitudes would have int roduced
a number of additional factors , such as target masking ,  and excessive scale

distortion not germaine to thI s initial examination of scene character is t ics.
Targets were embedded into the background scene b y superimposing

a t ransparency of the ta rge t  on a t ransparency of the back ground and opticall y
processing the composite. The t a rge t  t r an spa renc i e s  were obtained b y
photographing scale models on a featureless  background.  Using a large pr int
of the target , an ar t is t  added a shadow appropr ia te  fo r  the  sun angle in the
back ground scene into which the t a rge t  was to be embedded . The internal

contrast of the target  was also art i f icial l y enhanced so that the final composite
image would more nearl y approximate the in ternal  modulation charac ter i s t ics
of real targets .  Without the ar t i f ic ia l  contrast  the embedded target  generall y
appeared as a dark shape, devoid of i n t e rna l  b r ig htness  d i f f e rences . T ypical
images are shown in Figure 1.

Twelve test images each containing a sing le tactical target  and repre-
senting an 8. 89 by 8. 89 grad (8 b y 8 deg rees )  f i e ld -of -v iew were prepared .
Experimental manipulation of scene complexity t a rge t  type , and t a rge t - to -
background contrast  was accomplished in the const ruct ion of these images as
described below. In addition , th ree  special images , depicting a single tactical
target  against a plain gray  back ground , were  prepared .

Scene Complexity

Initial quantification of scene complexit y was acco mplished b y having
six judges rank 75 candidate photographs ac cording to perceived complexity.
“Complexity ” was not defined for  the r a t e r s  but lef t  to their  subject ive i n t e r -
pretation.  Some of the back ground s depicted open fi eld s generally lacking in
natural or man-made features.  Others contained fea tures  such as roads,

~~
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buildings , low shrubbery, and trees. Six complex and six simple backgrounds

were  selected based on mean rank and maximum agreement among judges
(minimum standard deviation). The six judge s evidenced considerable agree-
ment in their rankings of the simplest and most complex scenes . Much less
agreement was found in the rankings of the moderately simple to moderately
complex scenes. In addition to the twelve test images, two simple and one
complex scene were selected for use as training material.

Targets

Three vehicle types were  used in the stud y: an M-60 tank , a two-and -
one-half ton t ruck , and an armored personnel ca r r i e r  (APC). The image j
height of all targets  was held constant at two percent of the 8. 89 grad

(8 degree)  f ie ld-of-view.  This hei ght correspond s to a range of approximately
1. 2 ki lometers  (0 . 75 mile) and was selected based on p re tes t  r e su l t s  which

indicated this target  height was neces sa ry  to avoid conditions where  no sub-
ject  coul d detect the target  which would make it impossible to ascertain the L
influence of the var iables  being examined .

Targe ts  w~ re position ed in th e back ground scene so that thei r  size and
location was app rop r i a t e  to o ther  t e r ra in  f ea tu re s .  To avoid having ta rge t s
always appear at the vert ical  center  of the disp lay, the apparent depression
ang le of the sensor  was varied to allow the target  to appear anywhere  in the
center two- th i rd s of the image. Targets  appeared as d i r ec t  side views or j
qua r t e r i ng  f ron t  views with an aspect angle consis tent  with the apparent
depression angle.

Ta rge t -Back ground Contras t

The contrast  between the t a rge t  and its immediate  surround was
varied b y chan ging the densi ty of the superim posed ta rge t  image while
holding the background film dens i ty  constant . Targe t - to-background t ontras t
was calculated using the formula (B - B . ) / ( B  . ) or because the t a rge t sm a x  m i~n mtn 

—were d a r k e r  than the surround , (B - B ) / ( B  ) . Twobackground target  t a rge t
contrast  values we re selected based on the albedos given b y Buddenhagen
and Wolpin (1961) for d ry  sand and lu sh grass with the assumption that t a rge t
albedo was similar to coniferou s fo res t .

An average t a rge t  b r igh tness  m e a s u r e m e n t  was in ade on t h e  d i sp lay
with a photometer  aper ture  which covered 80 percent  of the  t a rge t .  The

12

~I I .
I

-



-• -~~~•-- ----_~ - -• 

~1

I
I average surround brightness measur em ent used in the cont rast computation ,

however, was actually an average of fou r measurements. A small photometer
aperture was used to measure the b rightness at the fou r cardinal positions of
an imaginary circle around the target. The back ground brightness measure-
ment s taken in this way were not highly repeatable and fail to account for the

I total surround. The problem was particularly troublesome with the high
complexity backgr ounds where the close proxi mit y of varying brightness

I terrain features made measurement quite difficult. As a result , the high and
low contrast conditions represented ranges of contrast with averages of

• I 2. 0 and 0. 7 respectively. The contrast of the three targets located in the

plain background averaged 0. 23.

I Apparatus

A rear-projection display apparatus shown in Figure 2 was used. It
T consisted of a high intensity light source for illuminating the glass mounted

film images and an optical system to focus the image on the 12. 7 by 12. 7 cm

J (5 by 5 inches) ground glass display. Display resolution was adjusted by
changing the position of the projection lens to defocus the displayed image.

The amount of defocus was determined using a Buckbee-Mears reso-
1 lution chart. Subject to display viewing distance was maintained at a constant

valu e b y means of a subject head restraint. Viewing distances of 0.46 meter
(18 inches) and 0.91 mete r (36 inches) were used to obtain target subtenses

of 0. 356 arc grad (19. 2 arc minutes) and 0. 178 arc grad (9. 6 arc minutes).

The subject indicated the position of a detected target  using a wooden

pointer and the experimenter verified the correctness  of the designation

1 visually. The time required to m ake a detection was recorded b y the experi.-
menter using a stop watch. Between trials the display could be blanked b y

I placing an opaque cloth between the projection lens and the display. As an
aid in identifying salient target characteristics, models of the three target
type s were positioned in front of the subject.

I Ambient room illumination was provided b y fluorescent ceiling lights.
These were adjusted to the average display luminance of 34. 3 candle/( meter) 2

( 10 fL) so that luminance adaptation was not required of the subject at the
onset of a trial.

I
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Figure 2. Rear-projection display used to present  imugc~s to  sub j ec t s.

Research  Design

A mixed-factors factorial design with four variables at two levels and

a fifth at three levels was used to examine ta rge t  detection pe r fo rmance .

Two levels of t a rge t - to -background  contrast  and scene complex i ty  and three
target type s were within subject  var iab les .  Each subject  experienced all
12 combinations of these  var iables .  Two levels of resolut ion and t a rge t  sub-.

tense were examined as between-subjects  variables.  Subjects were  randoml y
assi gned to one of fou r groups of 12 subjects  each. Each of the fou r groups
experienced one of the four combinations of resolution and target  subtense.

14
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Subjec ts

All 48 volunteer subjects were members of the technical staff at

I Hughes Aircraft  Company, Culver City, California. In general, subjects
were moderately familiar with target detection/recognition tasks using electro-

optical sensors prior to the experim ental session. All subjects used in the

~ I experiment had visual acuity of 20/20 or better as determined using a Snellen

chart .

I Procedures

I Each subject attempted to detect and identif y a ta rge t  located in the
12 realistic terrain background s and three special targets  displayed against

I plain gray back grounds. Each trial began when the experimenter projected

a scene on the display and simultaneousl y started a stop watch for  recording
detection time. Subjects searched the scene for the target vehicle and when

• found , pointed to it on the display and said Ithere ul to indicate a detection.
• The experimenter noted the time and cor rec tness  of the response and asked

the subject for an identification of the vehicle type, if possible. If one minute

and 50 seconds elapsed withou t a response from the subject , the experimenter

I requested a “beat guess ” as to the target location. If the subject was correct

in this case, a de tection time of 120 seconds was recorded . In all cases , if

I the response was incorrect a miss was recorded .

Prior to the start of experimental tr ials , the subject was given a
standardized set of written instru ctions which described the general purpose

of the experiment, the nature of the task , and the charac ter i s t ics  of the target
images. The experimenter verbally reiterated the major points in the instruc-
tions and answered ques tions posed b y the subjects. Several minutes were
provided to allow the subject to stud y the vehicle models and become familiar

I with their features. During this time subjects were encouraged to examine

the models from several orientations. An im age with the three targets  on a
p lain back ground was also displayed to demonstrate the characteristics of the
targets at the resolution and size to be encountered during the experimental
trials. Following the target familiarization, three training trials were given

~~ 
to cla rif y the proceduree to be used .

The instructions to the subject were carefully wo rded in an attempt
to minimize the response criterion problem discussed by Swet s, Tanner and
Birdsall (1961). Probability of detection and time to detect are closel y r elated

I I
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to one another in that a short time can be obtained by sacrificing probability of
detection. Obversely, a hi gh probability can be obtained at the cost of time.

Subjects were instructed to respond if they were 70 percent certain th at the
object was a target.  The intent was for the probability of detection to have
minimum variability so time could be the pr imary dependent measure.

This method of controlling response cr i ter ion is much less desirable

and effective than , for  example, using a forced-choice procedure. The prin-

ciple difficulty lies in the subject s interpretat ion of the 70 percent instruction
which can vary  widely. As a result some subjects  will still be more willing

to guess and thu s have shorter  times to detect .  Although not an optimum
solution, the inclusion of a criterion level in the instructions was the best
technique available in the present  expe riment.

Because display resolution and viewing distance were  between-subjects

parameters, the proper levels of these var iables  were established for each

subject before  he arrived. Scene complexity,  target  type , and t a rge t - to -
back ground contrast , on the other hand , were  within-subject  variables fixed
in the imagery. All subjects saw the same images , however , the order  of
presentation was counterbalanced to minimize any effect  of presentat ion order .

RESULTS AND DISCUSSION

The pr imary  dependent variable was the time required for  target
detection. In those cases where an incorrec t  detection was made, an a rb i t r a ry
detection time of 150 seconds was recorded.  The time scores , thu s, included
the influenc e of incorrect  detection s, albeit somewhat a rb i t ra r i ly.

An anal ysis of variance on the detection time data was performed and

a summary of this anal ysis is presented in Table 2. The anal ysis of variance
revealed that all five main effects  were reliable along with six two-way inter-
ac tions , two three-way interactions and one four-way interacti on.

The reliable resolution b y ta rge t  subtense interaction is of par t icular
interest because it indicates a confounding of these two variables. Fi gure 3
presents the interaction and shows that with small subtense targets , resolu-

L tion had no effect  on the tim e required to detect a target .  One possible
exp lanation is that the vi sual acuity of the operator was limiting the detail
that could be perceived . If this were  the case, then increasing the display
resolu tion from 240 to 480 lines would have resulted in no perceptable change

in the display f rom the observers  viewin g distance. The conditions of the

16 
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-TAB LE 2. SUMMARY OF ANALYSIS OF VARIANCE OF DETECTION
• TIME FOR ALL CONDITION S OF EXPERIMENT 1

Source SS df F P

P Display Resolution (DR) 16418. 2 1 5 . 14 0. 050
Target Subtense (TS) 88066. 0 1 27. 56 0. 001
DR ,c TS 18265 . 7 1 5. 72 0. 025
Subjects (S)/DR x TS 140574 . 0 44
Scene Complexity (SC) 251185 .9  1 125 . 75 0. 001
DR x SC 3254.3 1 1.63 NS
TS x SC 255.5 1 0. 13 NS
DR x TS x SC 4055.0 1 2.03 NS

SC x (S/DR x TS) 87887. 5 44
Target-to-Back groun~l Contrast  (TC) 26805 . 7 1 8. 22 0. 010

DR x TC 32694 . 0 1 10. 03 0. 005
TS x TC 20385 . 7 1 6~ 25 0. 025
DR x TS x TC 5144 . 2  1 1. 58 NS

4, 
TC x (S/DR x TS) 143488. 6 44
Target Type (TT) 39465 . 7  2 7.20  0. 005
DR x TT 3282. 0 2 0. 60 NS
TS x TT 4400. 5 2 0. 80 NS

DR x TS x TT 600 .5  2 0. 11 NS
TT x (S/DR x TS) 241066.6 88

F SC x TC 14774 .8  1 7 .52  0. 010
DR x SC x TC 4465 . 7 1 2 . 27 NS

1’ TS x SC x TC 7445 . 0 1 3. 79 NS
DR x TS x SC x TC 2693 .2  1 1.37 NS
SC x TC x (S/DR x TS) 86450. 4 44
SC x TT 160064 .4 2 50 . 39 0.001

DR x SC x TT 3764. 0 2 1. 18 NS
TS x SC x TT 330. 1 2 0. 10 NS
DR x TS x SC x TT 976. 7 2 0. 31 NS
TS x TT x (S/DR x TS) 139780. 4 88
TC x TT 207972 . 1 2 52 . 60 0. 001
DR x T C x T T  2612 .6 2 0. 66 N5

(Continued next page)
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( Table 2, concluded)

Source SS df F P

TSx  T Cx  TT 15735. 4 2 3.98 0. 025
DR x TS x TC x TT 5860. 0 2 1. 48 NS

TC x TT x (S/DR x TS) 173964. 4 88

SC x TC x TT 102079. 2 2 37 . 71 0. 001
DR x SC x TC x TT 8450. 5 2 3.21  0.050

TS x SC x TC x TT 2497. 7 2 0. 92 NS
DR x TS x SC x TC x TT 2449. 5 2 0. 91 NS
SC x TC x TT x (S/DR x TS) 119092. 3 88

¶
100

80 - 

p<0 .02 5

o 0.178 ARC GRAD
(9.6 ARC MINUTES)

64.3 __ —t 64.9 r
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Figure 3. The ef fec ts  of display
resolution and target  subtense on
the time required to detect a
target.



-~~ 
.
~~~~~~-~~~~~~~—-— --—-— .-- —--::

~~

I

experiment had been selected on the assumption that the observer had an acuity
of 0. 0185 arc grad (1 arc minute). If such an assumpti were true , then in
the 480 line resolution , 0.178 arc grad (9.6 arc minute) condition the observer

I should have been able to jus t resolve the 9.6 lines across the target. If, how-

ever , the observers acuity was less than that assumed, more lines would have
been across the target than the observer could perceive.I A oost hoc check on the validity of the subject acuity assumption was
made by determining the number of lines across the target  that could be

I resolved by the subjects in the four resolution and subtense conditions . A
Buckbee-Mear s resolution char t was used with the display conditions as nearly

I identical to the previous experimental conditions as possibl e with the exception
of contrast which is inherently much greater with  the resolution chart. The

I 

results  indicated that, even with the hi gher contrast, for the small subtense
target only 4. 6 and 6. 5 lines could be resolved in the 240 and 480 line resolu-
tion conditions respectively. The calculated number of lines , assuming

1 
0.0185 arc grad ( 1 arc minute) acuit y, would have been 4. 8 and 9.6 for the
two conditions. Clearl y subject acuit y was a limiting factor in the small sub-
tense conditions.

The acuity value assumed was entirely reasonable based on published

I psychophysical data (Patel , 1966; Rogers and Carel , 1973) and was consistant
with the results of the Snellen acuity test  given to each subject prior to the

I experiment. The lower acuity foun d using the resolution chart and actual dis-
play suggest  differences between the recognition acui ty n-.~ asure provided by
the Snellen chart and the resolution measur e and/or  differences due to thej viewing conditions. Regardless of the reason for the differences , it is clear
that great care needs to be exercised any time an experiment is conducted with

j conditions near a psychophysical threshold.

Because of the confounding of resolution and target subtense due to

I acuity limitations of the subject , the individual effects  of the two variables

cannot be separated and interpretation of the analysis of variance can be diffi-

I cult or even erroneous. For example, any effect  involving resolution summed
across both tar get subtenses would be artificially small, potentially leading to

I an incorrect conclusion concerning the magnitude of the resolution effect. Fur-

ther , because each subject had a different acui ty limi t, the between-subjects
variability would have increased making it more difficult  to obtai n statistical

I reliability. For these reasons the two groups of subjects that experienced the
small target subtense condition were excluded from further analysis .

19
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A second analysis of variance on the time to detect data , excluding che

small target subtense condition, was performed and a summary is presented

in Tabl e 3. This analysis showed the main effects of resolution, scene corn-

ple~dty and target type to be reliabl e (p~~O . O l ) .  Additionally three two-way
• interactions and two three-way interactions were reliable at the 0. 05 level or

beyond. As expected several of the effects involving resolution changed in

TABLE 3. SUMMAR Y OF ANALYSIS OF VARIANCE OF DETECTION TIME
FOR LARGE TARGET SUBTENSE CONDITION OF EXPERIMENT 1

Source SS df F P

Display Resolution (DR ) 34658.2 1 17.61 0.001

Subjects (S)/DR 43286.2 22

Scene Complexity (SC) 117614.2 1 63 .52  0.001
DR x SC 25.1  1 0.01 NS

SC x S/DR 40734.5 22

Target-to-Background Contrast (TC) 219. 2 1 0. 10 NS

DR x TC 5955.7  1 2 . 81 NS

T C x S / D R  46593 . 0 22

Target Type (TT) 29981.9 2 5. 59 0 .010

DR x TT 621. 8 2 0.12 NS

TT x S/DR 117998.2 44

SC x TC 21593 .7 1 14 .75 0.001

DR x S C x TC 108.0 1 0.07 NS
SC x TC x S/DR 32200.2  22

SC x TT 73107.2 2 27.90 0.001

DR x SC x TT 4094.6 2 1. 56 NS (

SC x TT x S/DR 57648 .6 44

TC X TT 95492.8 2 50.14 0.001

DR x TC x TT 6435 .1 2 3.3 8 0 .050
TC x TT x S/DR 41896.3 44 lj-
SCx T C x  TT 42 437. 5 2 20.00 0.001

DR x SC x T C x T T  4777. 8 2 2 . 25 NS
SC x TC x TS x S/DR 46708. 0 44

_ _ _ _ _ _ _  — 
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importance. The main effect of resolution increased in reliability from 0. 05
to 0. 001 while the resolution by target-to-background contrast interaction which
had been reliable at the 0. 005 level became non-si gnifi cant.

I Of the five reliable interactions, four involved target type. The percent
of variance accounted fo r by all effect s involving target type, calculated as the

I sum of the sums-of- squares for the effects divided by the total sum-of-squares,
was 29. 72 percen t. All of the effects in the analysis accounted for 50. 51 per-

I cent of the variance which means that target type accounted for nearly 60 per-
cent of all of the effects.

So large a contribution from a variabl e that was expected to be rela-

I tively unimpor tant, required further investigation.
The main effect of target type would indicate that there were major

I differences in detection performance among the three ty pes of targets. The
difference cannot be attributed to changes in target size because it was fixed .

T Nor are the differences in shape or height-to-width ratio sufficiently great to
4, provide satisfactory explanations. It could be that particular vehicl e types

were mor e easily con.fused with clutter objects but thi s, too , fails as an

1 explanation.

[ The two-way interactions of target type with scene complexity and

1 
target-to-background contras t and , more parti cularly, their three-way inter-
action indicated considerabl e differences among individual stimulus images.

j Recall that any given target type and contrast occurred with only a sin gle back-
ground scene. Even though the six hi gh complex and six low complex scenes
were selected based on hi ghly consistant jud gment by six jud ges , it may be
that the location of the target within a scene also strongly influenced detection

I 

time. If this were the case, the interactions might have been the result of a
combined effec t of back ground scene and target within that scene rather than
a difference due to vehicle type per se.

If the large effects of target type are interpreted as reflecting the
influence of the placement of a target within a particular scene then why the

-
• I reliable main effect of target type? Each type of target vehicle occurred in

four dif f er ent scenes and , although not an impressively large number , should

I I have been adequate to make the magnitude of observed main effect unlikely.
One explanation might be that the placement of the target in one particular

I scene resulted in performance hig hly deviant from the remaining set of images.
• A single deviant image would have inflated the effects of scene complexity,

1 21
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target-to-background contrast, target type and all interactions with these
variables because each image represented the only sample of any particular
combination of level s of these three variables.

The possibility that one or more images were unusually easy or difficult

was examined by tabulating the mean time and probability of detection for each

of the twelve individual images. The resul ts  are given in Tabl e 4 where each

time and probability entry represents the average over two resolutions times

twelve subjects. The time assigned for an incorrect detection was 150 seconds.

As can be observed by examining Tabl e 4, Image 11, a hi gh-complexi ty back-
ground with a high-contrast tank target,  was unusually difficult for  subjects

to detect.  The mean tim e to detect was 131. 5 seconds; more than three

times as long as the overall average of 39. 9 second s and nearl y twice as long
as the second most difficult im age. The probabilities of detection follow a
similar pattern.

TABLE 4. MEAN -TIME AND PROBABILITY OF DETECTION
FOR EACH STIMULUS IMAGE OF EXPERIMENT 1

Time to Probability
Scene Target-to- Back ground Target Detect , of

Image Complexity Contrast , Percent Type Second s Detection

1 Low 70 APC 57. 7 0.84
2 Low 70 Tank 24.9 0.96
3 Low 70 Truck 4 , 9  1.00
4 Low 200 APC 2 .9  1.00
5 Low 200 Tank 16.6 0.92
6 Low 200 Truck 11.0 0.96
7 Hi gh 70 APC 45.2  0.79

8 Hi gh 70 Tank 38.6 0.92
9 Hig h 70 Truck 73. 1 0.67

10 Hi gh ZOO APC 6 .2  1. 00
11 High aoo Tank 131. 5 0. 29
12 Hig h ZOO Truck 66.0 0.67

M= 39 .9 M = 0.83

Although Image 11 represented a realistic condition that may occur in
actual situations, with the relatively limited stimulus sample used in this study,

• .
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-‘ the presence of so deviant an image could have biased the results. To remove

the potential for bias, the data obtained using Image 11 were treated as if they
had been lost. The missing data procedur e given by Winer (1971 , p 487-490),

~ 

. a simplified version of the method described by Bennett and Franklin (1.954,j p 382-383), was used to fill the resulting empty cells. Briefly, thi s procedur e

I 
replaced the missing values with estimates based on the best fitting plane sur-

face throug h adjacent cells. This method replaced the actual detection times

T for the twelve subjects in the low resolution condition with a valu e of 26. 5 sec-

~ I ond s and the data for the subjects in the high resolution condition with a value

of 13. 2 seconds.
The treatment of Image 11 as missing data was not the ideal way to

solve the problem of unusually difficult or easy stimuli. Because all twelve
scores within the aff ected cells wer e replaced with the same time to detect

score , the between-subjects variance in those cells was zero which artificially

reduced the experimental error.  However , if this were recognized and con-
sidered when interpreting the analysis, the likelihood of an erroneous con-

-. clusion w ould be less than if the devian t image were retained. Identification

of the unusually difficult image prior to formal data collection , through exten-.

sive pre-test , or a conside rably larger sample of stimuli would hav e been two

possible way s to avoid the problem under discussion. Both , however , repre-

sented major increases in data collection and/or stimulus preparation and

were not justified for thi s initial exploratory work .
A summary of the analysis of variance of the time to detect scores ,

I with Image 11 treated as missing data, is given in Tabl e 5. Also tabulated is

4’ Eta2, the pr oport ion of variance accounted for by each effect , calculated as
the sum-of-squares for the effect di vided by the total sum-of-squares. A
comparison of Tables 3 and 5 revealed several changes as a result  of removing
Image 11. First, the F-ratios for both display resolution (DR) and scene corn-

I plexi ty (SC ) changed although the level of si gnificance remained the same
( p < O . O O 1) .  The F-ratio for DR increased r eflecting, primarily, the reduction

- 

- in subject variance due to the estimate of Image 11. The F-ratio for SC
decreased considerably because Image 11, a high complexity scene, had been
a major source of the pr eviously large difference.

I
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TABLE 5. SUMMARY OF ANALYSIS OF VARIANCE OF DETECTION
TIME FOR LARGE TARGET SUBTENSE CONDITION OF EXPERI-
MENT 1 WITH IMAGE 11 ESTIMATED AS IF MISSING

Source SS df F P Eta2 (%)

Display Resolution (DR ) 35998.0 1 20. 1 0. 001 5. 79

Subjects (S)/DR 39392.5 22
Scene Complexity (SC) 34259.8 1 20 .07  0.001 5.51
DR . x SC  3.9 1 0.00 NS 0.00

SC x S/DR 37560.2 22
Target-to-Background Contrast (TC) 29811.5 1 16 .49 0.00 1 4.79
DR x TC 5419. 4 1 3.00 NS 0. 87
TC x S/DR 39773.2 22

Target Type (TT) 10042.8 2 1.99 NS 1.61

DR x TT 619.6 2 0.12 NS 0.10
TT x S/DR 111102.7 44
SC x TC 121 .4 1 0.10 NS 0 0 2
DR x SC x TC 44 .6 1 0.04 NS 0.01
SC x TC x S/DR 26245.5 22

SC x TT 58996.9 2 21.94 0. 001 9.49
DR x S C x T T  4035 .6 2 1.50 NS 0 .65
SC x TT x S/DR 59170 .2 44

TC x TT 27505. 5 2 14.40 0.001 4.42

DR x TC x TT 6789.4 2 3.56 0.050 1.09

T C x T T x S/DR 42007.6 44

SC x TC x TT 3079.3 2 1. 49 NS 0.50
DR x SC x TC x TT 4417.0 2 2 .14 N S 0.71
SC x TC x TT x S/DR 45500 .9 44

As expected, the main effect of target  type (TT) was not reliable once
the unusually difficult image was removed. The previously reliable scene
complexi ty (SC) by target-to-background contrast (TC) and the SC x TC x TT
interactions were no longer reliable. Instead , the main effect  of TC became
a reliable (p~ O. 001) effect. Not aU of the interactions with target type became
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I

ineignifi cant, however . The SC x TT and TC x TT, interactions remained

I reliable at the 0. 001 level and the DR x TC x TT interaction at the 0. 05 level .
The effect of background scene complexity shown in Figure 4 was of

I primary interest in the experiment and was one of the largest determinants of
performance. Average detection time with low complexity backgrounds was

~ I 19. 7 second s while with high complexity background s the average time
increased by a factor of 2.1 to 41.5 seconds. Thi s effect was reliable beyond
the 0. 001 level of significance which means that a difference this large would
be expected to occur by chance less than once in a thousand replications of the
experiment. It also accounted for 5. 51 percent of the variance in the

I 
experiment.

100

P < o.oo 1
80 Et 2 5.51% 

-

- ~~~e o -  -

w

I: 

19.7~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

LOW HIGH

SCENE COMPLEXITY

Figure 4. The effect of scene complexity
on the time required to detect a target.

The importance of including the effect of scene complexity in a model
of tar get detection performance can be even more dramatically demonstra ted
by referring to Figure 5 which presents the average detection times for the

25
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z
0
U
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w

2 0 -  -

0.178 ARC GRAD
(9.6 ARC MINUTES) 0.356 ARC GRAD

(19.2 ARC MINUTES)

240 1 -

DISPLAY RESOLUTION . LINES

Figure 5 . The effec ts  of disp lay
resolution and ta rge t  subtense on
the time required to detect a ta r -
get in plain back ground .

special teat  condition s. Recall that  these were  targets  in a plain gray back-

ground similar to that considered by most detection models . There was vir-

tually no difference due to target subtense, resolution or target  type , and an

average detection required only 1. 75 seconds; the majority of which was

reaction and response movement time. An analysis of variance for this data

indicated no reliabl e effect due to resolution, target  subtense , target type or
any of their interactions. A model based on a uniform back ground can under-

estimate the time required to detect a target in a hi ghly complex background
J by a factor of nearly 24. For low complexity backgrounds the facto r is approx-

imately 11 to 1 which is still. substantial, considering that targets were gener-

~~~ ally located in open fields and only a few clutter objects were  present.

26

Ir
~~ 

- ~~~~~~~~~~

——-  

: . ~ 
•:: ~: .  •

•~ 
~~~~ -~~ • . 

-- - • - - - - -
~~



W~~~~~. 
- 

~~~~~~~~~~~ 
- • -

II
The absence of any effect due to subtense with the targets located in the

~ I 
plain background indicates that the targets had sufficient contrast to be well

‘ 
above thr eshold consistent with Blac~ well’s (1946 ) data . Further , the absence
of an eff ect due to resolution indicates that sufficient targ et de tail was available
even at the smallest subtense and lowest resolution. The acuity limitation

I found with the realistic back grounds was not present, suggesting that subjects
could detect a target primarily on the basis of brightness diffe r ences be tween

I I the target and the plain background. Without clutter objects present in the
background , targets could be detected with a probability of one regardless of
resolution and with contrast as low as 20 percent. The presence of even a

I simple background dramatically increased the time required for detection and
apparently changed the task to one requiring greater spatial detail.

I 

The overall effect of target-to-background contrast is presented in
Figur e 6. This effect was reliable at the 0. 001 level of significance and agrees
with previous studies that have shown improved perfo rmance with increased

v contrast. In the present case , increasing contrast  from 0. 7 to 2 . 0 resulted in

100 I

P~~0.001

80 Eta 2: 4.79

I

~~~~6 0 .  -

I.-
z

:

• 1 LOW HIGH
(70%) (200%)

TARGET-TO-BACKGROUND CONTRAST

- I FIgure 6. The effect of target-to-
background contrast on the time

I required to detect a target.
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a factor of 2 reduction in detection time from 40. 8 to 20. 4 seconds. Clearly
the luminance differences between the target and its immediate background was

an important cue to a target located in realistic terrain.

The effect of increasing display resolution from 240 to 480 lines was to
halve the detection time from 41.8 to 19.4 second s as shown in Figure 7. As
previously discussed, resolution had no effect when the target was located in a
uniform background, however , with realistic back grounds resolution had a
large effect. This would support the hypothesis that as scene complexity

increased from zero to the real-world scenes used in the present study the
detection task changed from one of luminance detection to one that included a

larger component of form perception. The ability to discriminate shape and

other spatial factors would be dependent upon the resolution of the display . As

the need for spati al detail increased because of the complex back ground , the

importance of resolution increased .

100

P<0.001 
-

Eta2: 5.79
8 0 -  -

z
0
U

s o -  -

: 

~° 
41.811.% -

240 480

DISPLAY RESOLUTION , LINES

Figure 7. The effect of display resolution
on the time required to detect a target.
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- Thi s hypothesized change in the relative importance of spatial cues can
be seen in Figure 8 which plots the time to detect for the two resolutions and
all three backgrounds. Resolution made no difference with zero clutter but
resulted in more than a 22 second difference fo r the complex back grounds.

~~ The absence of any difference in the effect of resolution between the two levels

• I of scene complexity suggests that the change in task occurred between zero
complexity and the lowest real scene complexity used in this study. Further

I work will be required to determine where the shift occur s and whether it  is
abrupt like a thr eshold or if it is a more gradual change.

1 100 I- I
80

I
I ~

.
6 0 .

I:
ZERO LOW • HIGH

I 
SCENE COMPLEXITY

Figure 8. The effects of scene complexity
and display resolution on the time required

I to detect a t arget .

The absence of realiable SC x TC and DR x TC interactions as well as

I the non-reliable interaction of DR and SC for realistic scenes shown in Fig-
ure 8, may bear on the issue of a shift in task. Each of these relationships

* was such that if both variables were at the difficult level , performance was
poor and if both variables were at the easy level , performance was good.

I 29
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However , if either variable was at the diffi cul t level and the other at the easy
level performance was identical. For example, hi gh resolution combined with
low target-to-background contrast and low resolution combined with hi gh target-

to-background contrast resulted in nearly identical times to detect. That is ,
low target-to-background contrast could be compensated for by hi gher resolu-

tion or , alternatively low resolution could be compensated for by hi gher target-

to-background contrast.

These trade-off characteristics can have considerable implications for
the desi gn of sensor systems . Rather than attempting to achieve improved

performance solely by improving resolution , techniques that  resul t in improved

target- to-background contrast can also be effect ive.  Improved use of the

dynamic range of the sensor by contrast enhancement and/or  other forms of

image processing offer a new dimension along which  the performance of sensor

sy stems can be increased .
The ability to trade-off the d i f ferent  variables could also be interpreted

as an indication of multiple components underl ying the detection process. The
total time required for detection represents  a relatively crud e measure which

may reflect the sum of several component processes. If , for example , resolu-

tion primarily affected component process A, contrast  had a major influence

on process B and , time to detect represented the time required for process A

plus the time needed to complete process B; then the observed relationship
between resolution and contrast  could be reconciled.

Low resolution and low contrast would result in a long time to detect

because both process A and B would be long . Similarly, the combination of

hi gh resolution and high contrast would result in a short t ime to detect because

both A and B would be short. The two other combinations of resolution and

contrast result  in identical times to detect because one process would be short

and the other long. For example , a combination of hi gh resolution and low

contrast  would cause process A to be short  and process B to be long. Con-

versely, low resolution and high contrast would resul t in a short  time for
process A and a long time for process 13. Although, considerable d i f ferences
in the relative contributions of the two component processes would exist , the

• ove rall performance would appear to be identical .
In terms of these A and B processes, the data shown in Figure 8 would

be interpreted as follows. When targets  were detected in the uniform back-

ground the contrast sensitive process was a major determinant of detection
time. However , wh en detection was accomplished with the real-world scenes

30
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a second component process, sensitive to changes i-n resolution, became a

j  contributor to the total time required for detection.

Consideration of the detection of targets in realistic, complex back-
ground scenes as reflecting the influence of two or more component processes

can have a major impact on the form of model needed to describe performance.

T An analysis of the target detection process suggests the presence of several
• 

components that may need to be integrated into a complete model.

— Prior to the initiation of target search, the observer must spend a
shor t period of time orienting himself . During thi s period any a. priori
knowled ge, concerning the general viewing conditions is combined with the
global features of the scene to form a descri ption of what is to be searched .
For example, a priori information such as; obli que view of rural  terrain with

a 10-degree field of view , 300-foot altitude, center of display equivalent to

approximately 4 kilometer range, etc.; is supplemented by global scene infor-

mation such as; a road beginning at close range and crossing the display from
left to ri ght as it extend s to long range, dense trees in the upper left reg ion

of the scene , open field with scattered trees to the ri ght of the road , et c.
• 

- The length of time required for this  orientation process will be directly

influenced by the exten t of the a priori knowled ge and its agreement with the

scene actually viewed. In most operational situations this information will be

t -. extensive and will agree closely with the scene , reducing the orientation time

to a very small proportion of the total acquisition time. In experimental situa-

tions the a priori knowledge is a func tion of the instructi ons given the subject
and the type and amount of training provided . In these conditions, the agree-

ment between what is expected and what is observed may or may not be hi gh
— depending upon the attention given this effect by the experimenter.

Once the observer has oriented himself , a systematic search of the

scene is made b y rapidly fixating various locations with his eye. The areas
to be examined and perhaps the order are influenced by the global des c r iption
obtained during the orientation process and the observ e r ’s knowledg e or

assessment of likely target locations (Krebs and Graf, 1973; Krebs and

Lorence, 1975; Noton and Stark, 1971). For example, tanks are likel y to
be on road s but certainly will not be in the middle of a lake. Within  any
area being searched , the attention getting characteristics of objects in the

[ I
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near periphery  of the fixated position can also be expected to influence suc-
ceeding fixations although the factors that cause an object in the periph e r y
to attract attention are not well understood.

The search process, thu s, consists of rapid fix ations of points in the
scene which migh contain an object with a sufficient number of expected tar-
get characteristics to warrant  detailed examination. The probability that a
fixated candidate object will cause the observer to make this detailed exami.na-
ti-on will be influenced primarily b y target  character is t ics  and secondarily, b y
the interaction of target and scene.

The f i rs t  two components , orientation and search to initial detection ,
are followed in time by the third component of the process.  Once an object
has been selected as a potential or reasonably suspect target, a more detailed

examination takes plac e to determine if it has enough features  or attributes to
be definitel y a tactical target .  This process r equires the f irst  stages of
recognition; however , it is not necessa ry  that a tank be discr iminated from a
truck. In the case of a uniform background , this second component of the
task is not necessary. With realistic scenes, however, many competing

objects may be present  in the immediate vicinit y of the t a rge t  and these need
to be discriminated from the target.  This process will be affected b y the
target and the scene in the immediate area about the target as well as the
interaction of the two. Fur the r , the probabil i ty  of correctl y completing this

portion of the task will be a function of t ime. As time is spent extracting t

candidate target  characterist ics a continuing decision process  is taking place.
The result of this process determines  whether the observer  continues to
examine the candidate target; decides the object is not a target and resumes

search or decides the object is a target and selects an appropriate response.

Assuming that the orientation process represent s only a small pro-
portion of time compared to the other component s and that the decision

process can be incorporated in the recognition component , it is possible to
derive a two component or two stage model of the target  acquisition task.
A two parameter model of the search and detection component might be simi-
lar to the NVL model . That is: 

•

t / T  1P
D

(t) = PD
( l _ e
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where:

P
D
(t) cumulative probability of detecting an object as a candidate

L 
target as a function of time.
probability that an object will be detected as a candidate
target in a single fixation.

I time constant reflecting the influence of the scene on the
search pattern.

t elapsed time from beginning of search.

A second formulation, similar to the one for detection but effective

only afte r det ection has occur red, can be used to describe the recognition

• and decision process as follows:

~
PR

(t_t
D
) = — e ), t 

~ 
t D; PR

( t _ t
D) = 0, t < t

D

- where:

PR
( t _ t

D) = cumula tive probabil i ty that a detected object will be
-. recognized as a tactical target  as a function of time

after detection.

I 
-. 

~
‘R = probability that an object will be recognized as a target

given infinite observation time.

= time constant reflecting the influence of the immediate
scene on the time course of recognition.

t = elapsed time f rom beginning of search.
tD 

= elapsed time at which detection occurred.

The probabilities P
D
(t) and P

R
(t_t

D
) are combined in the following manner.

~ I 
Each function is first  differentiated with respect to t , yielding f D (t) =

and fR
( t_ t D) = t h ( t_ t & ,  which are respectively the detection probability density

J func tion and the recognition probability density function condi tional on detection.
The product of fD(t)  and fR(t_t

D
) is the joint probability density of detection

and recognition which may be integrated to obtain the cumulative probability

of de tecti on and recognition as a function of time as follows:

T T
PRD(T) f f ~R~~~~& ED(t D) dtdt D

1 0 tD
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The cumulative probability of detecting and recognizing at or before time T
equals the integral of the probability denstty of recognition conditional on
detection, weighted by the probability density of detection.

The component processes just described are subject to further refine-

ment based on a more detailed examination of the existing literature and

additional experimentation. For example , the component form given abov e

does not explici ty cover the case where the detection and recognition processes
are exercised repetitively befo re a response is made. The approach , however ,
appear s to be viable and warrants fu rther con sideration.

Whether the component model ultimately proves correct  or not, an
attempt to fit a two parameter model of the form

PD(t) = P (1 - e t
~
’T )

to the present data makes it very clear that this form cannot adequately

describe the cumulative probability of detection as a function of time for
realistic targets and scenes. A least-squares estimation of Pa, and T were

calculated using a linear-Taylor differential correction technique (McCalla ,

1967) and selected results are presented in Figures 9 to 12 and summarized

in Table 6. The Ch12 value given in Table 5 was calculated as a comparison
between the observed distribution of time scores and the distribution predicted
by the estimated model and represents an assessment of the goodness-of-fit

(Hays , 1963, p. 586-588). The null hypothesi s of no difference between actual
and predicted curves can be rejected with the probability given in the ri ght

most column. Note that except for a few isolated cases the two parameter

model fails to adequately describe the observed data.

The analysis presented in Tabl e 5 also indicated that three interactions
with target type, Figures 13 to 15, remained reliable (p ~ 0.05), perhaps
indicating the influence of the placement of the target within the scene. The
ori ginal rating s of scene complexity were made wi thout the target present
and it may be that the placement of the target in the scene had a strong influence
on detection time. For example, the images requiring the longest time s to
detect were gener ally those where the target was located in an area with a
number of similar sized objects that formed a patt ern . This potential inter-
relation between target and scene was considered in Experiments 2 and 3
which attempted to quantify scene complexity.
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• TABLE 6. PARAMETERS FOR THE MODEL P~ (1 - e th ) FITI TO THE DATA OF EXPERIMENT 1

_____________ ____________ ____________ Goodness-I Conditions

Target-to- Parameters of-Fit
• Scene Back ground

I Resolution Complexit y Contrast P~ -r Chi2 p

All All All 0. 768 7. 42 142. 1 0. 001

I Low All All 0. 730 11.24 38.7 0.00 1
High All All 0. 839 5 .52  86.8 0.00 1

k I All Low All 0. 86 7 5.08 90.9 0.00 1
AU High All 0. 787 18. 87 16. 3 0. 025

y All All Low 0. 773 15.15 46 .8  0.00 1
Ii All All High 0. 875 4.98 54 .9 0.001

Low Low All 0. 793 7.04 32.3  0 .0 01

• T Low High All 0. 751 24 .18 7. 9 0. 500
High Low All 0.974 4 .07  57. 9 0.001

j  
High High All 0.816 13.89 19.3 0.010

Low All Low 0. 730 23 . 26 6. 8 0. 500
Low All High 0. 844 6. 90 19. 5 0.010

High All Low 0. 832 10. 00 40. 3 0.001

1 High All High 0. 951 3.94 43. 5 0.001
1 All Low Low 0. 785 7. 19 60.6 0. 001

All Low High 1. 000 4. 24 43 . 3 0. 001
All Hi gh Low 0. 845 31.25 21. 5 0. 005
All High Hi gh 0. 764 8. 20 18. 0 0.025

j Low Low Low 0. 702 11.36 19. 9 0.010

~ Low Low High 0. 977 5 .99 19. 4 0. 010

I Low High Low 0. 772 38. 36 7. 7 0. 500

Low High High 0. 786 11.36 11.0 0. 250

I High Low Low 0.911 5. 49 49. 8 0. 001

High Low High 1.000 2. 96 35 . 7 0 .001

High High Low 0. 932 25 . 00 9. 2 0. 250

I High High High 0.8 10 6.06 17.6 0.025
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EXPERIMENT 2

L 
BACKGROUND

I Regardless of the form that the final model might take , some number

of parame ters will have to be estimated as a function of a number of variables,• I- I including scene metrics. The most straightforward method for accomplishing
the required estimation is to fit  an ~th orde r polyn omial expression of the

I independent variable s to the obtained data .

L As an example, a complete second-orde r polynomial expression

involving K variable s or fac tors  would have the form:

= + + +
i=l i= 1 i=i j= 1

- j �l

where: Y is the performance,  the ~ I~~ are weighting factors,  and the X 1 5 are
the scene metrics. The weighting fac tors  in the above equation can be dete r-
mined usin g multiple regress ion  tec hniques. If Y is a function of one of the

• model parameters,  the f it equation w ill provide the required estimate of the
parameters.

1 However,  before the above equation can be obtained, it is necessary
to dete rmine which metric s of scene complexity are like ly to provide a
reasonably descriptive set. The present  exper iment  at tempted to identif y
candidate metric s by having subjects  verbal ize  those character is t ics of the
scene that made detection easy or diff icult .  A comp ilation of the responses

was used to suggest some simple met r i c s  of scene comp lexity that might
provide a basis for  a more complete target  de tection model.

METHOD

I The stimuli and apparatus were identical to those used in Experiment 1.

Twelve members of the Technical Staff at Hughes Aircraf t  Company who had

not partici pated in Experiment  1 served as subjects. Six viewed the high corn-

plexity scenes and six the low complexity scenes. Each subject was asked to

I
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• 
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verbalize his subjective opinion s as to those scene or target characteristics
he felt would aid or hinde r detection of the target. All responses were  tape

recorded for  subsequent study.

RESULTS AND DISCUSSION

The tape recordings were anal y z v d  to obtain a common set of most -

mentioned factors  with the result shown in Table 7. Although there was

considerable agreement among obse rve r s ,  any distillation into a summary

list will result in a loss of much of the subtlety of verbal  descr i ptions. For f
this reason, the data of this experiment  were  considered onl y as indicants of 

- -

potentially important  processes.  
I

The data of Table .7 a re  segregated into three  major  group ings: back-
ground charac te r i s t i c s ,  ta rge t  cha rac te r i s t i c s and subject expectations . Under
back ground cha rac t e r i s t i c s the presence  and charac ter i s t ic s of clutte r objects
were most often mentioned. Subjects noted that when a t ree  or othe r object was -

of a simila r size , luminance , and shape as the target  it a t t rac ted their attention
and required considerable examination before a t a r g e t / n o n - t a r g e t  decision could - •

be made. The magnitude of the confusion was noted to be greate r when clutter

was in close proximity to the target . A number of subjects observed that when

clutter  objects f o rmed  a pattern the detection of a target within that pa ttern was
more difficult. A facto r mentioned most commonly with  the low complexity

•-~. nes  was the texture of open areas .  
I

Except  for  target- to-background contras t , all of the target  character-
is c~ mentioned related to shape and in ternal  detail. Most  observers  felt
that sharp angular outline s and easily discernible f ea tu res  were  faci l i ta t ing . -

target  cha rac te r i s t i c s. The orientation of the ta rge t  was thought to be
impor tant  with a pre fe rence  for  side views. All t a rge t s  had shadow s appro-
priate for  thei r  respective scenes, however ,  several  subjects fel t  that 

--
shadows made detection more difficult  because of their  interact ive effect on

the expected target  outline.

Subject expectation also appeared to have a fa i r  influence on the ease I

or difficulty of a particula r scene. Subjects noted an expectation for  targets
to be on or near  roads and not in trees.  The absence of vehicle t racks  was
occasionally mentioned as a factor making detection more difficult . The fact  . -

that t r ees  and rocks were not likely to be found in the middle of a cultivated -

field was also mentioned as a factor  aiding detection . 
•
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TAB LE 7. SUBJECTIVE FACTORS

Backg round Characte rist ics
Texture

Clutter Objects

Proxim ity
Size

Cont rast

Patte rn
—- Target Character is t ics

Distinctiveness of Outline
Visibility of Features

Line Structure

Target Orientation

Internal Modulation

Contrast

Subject Expectation

The subjective factors metioned tend to support the importance of

I fo rm perception cons iderations in the detection of a target  in a relist ic
• background. They also provid e further evidence for an interaction between

the backg round and the target  wi thin  that background . F inally, they suggest

a few quant ifiable back ground character is t ics that mig ht be a f i r s t  step in

• the development of a model that includes the influence of realistic scenes.

The effectiveness of these potential predictor  metr ics  were examined in
P Experiment 3.

—o
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EXPERIMENT 3

I Based on the results of Experiments  1 and 2 , a number of quantitative

descriptors of scene complexity could be identified. The purpose of thi s

third experiment  was to determine whether  a wei ghted combination of these

~ I de scriptors  would predict the time requi red  to detect  a target  in a realistic

scene .

~ 
j Experiment 2 identified the amount of similar clutter, the proximity

of the ta rge t  to clut ter,  the pat tern  of clut ter  and the expectation to find

( targets  on roads as subjective f ac to r s  influencing detection per formance.

The amou nt of similar clutter was operationall y defined as the number of

J objects between 0. 5 and 2. 0 times the target width in size with a bri ghtness

subjectively similar to that of the target.  Proximity was measured as the

num be r of target  diameters separating the target  and the closest clutter .

1 Clutter pattern was crudely assessed by counting the number of clusters of

clutter such as a group of trees.  Two metrics related to subject expectation

j  were included. These were the percent  of the scene occup ied by road s,

which is approx imately equivalent to the length of road because all road s were

nearly the same width , and the percent of the scene that might contain a tar-

get. This latter metr ic  reflected the expectation that t argets  would not be
- I located in dense wood s or lakes.

Exper iment  1 demonstrated the influence of ta rge t - to-background
— contras t  and this  fac tor  was included . One additional metric was also

I included, althoug h, it had not been mentioned by subjects in Exper iment  2 .

This was the number of man-made objects  in the scene. These seven quanti-

I tative metric s are  summarized in Table 8 which g ives the mean , s tandard

deviation and minimum and maximum values  over  the 25 test image s used .

I The same three ta rge t  type s investigated in Experiment  1 were  also

included in the 25 image s of the p resen t  study, allowing a second examination

I of the effect  of target  type on detection per formance .  Thi s was accomplished

by a rbi t r a r i ly coding the three type s as 1, 2 and 3 and inc luding target  type

I 
as an eighth predictor variable in the regress ion  anal ysis .  The a rb i t r a ry

• coding of a qualitative variable causes no mathematical  problem within the

regression analysis .  However , should such a coded qualitative variable be

I

- 
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- TABLE 8. SCENE METRICS
- 

Predictor Mean Standard Minimum Maximum
Metric Value Deviation Value Value

Number of Clutte r 17. 8 12.9 2 45
Objects ( 0)

Target- to—Clutte r 2 .1 2 . 7  0 12 .0
Proximity (P)

Number of Cluster  3. 0 1.6 1 6 .0
Clutte r Objects (B)

Percent Roads (R) 7. 7 5. 1 0 20.2

Target-to-Background 62.2% 17.1% 25% 95.0%
Contrast (C)

Percent  U sable Area  71 . 1 19. 1 33 95.0
(A)

Numbe r of Man-Made 1 . 8 4. 1 0 18
Objects (M)

a major predic tor, some difficulty in interpretation may result. The problem

lie s in the ill-defined nature of a target type of, say, 1.5 which would be

something between an APC and a tank. Because of such ambi gui ty , the finding

of a reliable target type effect could be interpreted only as an indication of the

need fo r  quant i ta t ive  metr ic s desc r ib ing  the targe t .
The seven scene metric s given in Table 8 plus coded target type ‘Aere

used as predictor variable s to obtain a multiple regression equation relating

the wei ghted combination of the p red ic to r s  to observed target  detection time .

METHO D

The appara tus  and p rocedu re s  were  identical to those of Experiment  1..

The stimuli  were  prepared in the same manner  as Experiment  1, however ,

r a the r  than p r epa r ing  a hig h and a low complexity g roup  of image s the

comp lexity varied over all levels of judged complexity.  Similarly ,  the
proximity  of the ta rge t  to clutte r and the target- to-background cont ras t  values
varied over the ranges given in Table 8.

• Ten members of the Technical Staff at Hughes Aircraft Company
- • partici pate d in the experiment . None had served in either of the previous

two experiments. Each subject received five practice and 25 test trials using

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~
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- the procedure s of Experiment 1. The order of image presentation was
randomly dete rmined for each subject. -

I RESULTS AND DISCUSSION

• The time required to detect the target  for each of the 10 subjects

- I and 25 scene s along with the predicto r metric s for the 25 scenes were

initially subjected to a multiple linear stepwise regression analysis which• I described the data with an equation of the form:

1 Y = p o + p ix i
I 

i= l

where: Y was the time to detect,  the X s  were  the scene met r ics ,  and

I the 13’ s were the calculated weighting factors. This equation allowed the

assessment  of the linear effects  of each predicto r metric . The result ing

I best  f i t  l inear equation relating the me t r i cs  to the time requi red  for  detection
had a multiple regression coefficient of 0. 45 which indicated that onl y 2 1 per-

‘ 
cent of the observed variance in the data was accounted for  b y the equation.
Thu s, even though the regression equation was reliable at the 0.01 level of

I significance, only a small proportion of the subjects ’ behavio r was being

predicted.
The relatively poor predictive ability of the linear r eg ress ion  suggests

I either that the selected metric s were  inadequate as p r e d i c t o r s  or  that a hi gher-
orde r equation was needed to de scribe the data. The latte r possibility was

I explored by fitting the complete second-order  equation presented in the
introduction to Experiment 2. This second-order equation in eight variable s

- I adds 8 squared and 28 linear-b y-linear inte raction terms to the 8 linear

terms of the first-orde r equation. The tota l of 47 te rms  allow s a parabolic
description of the observed data.

The second-orde r equation was fit  to the observed data using a poly-

• nomial stepwise regress ion analysis. The results indicated that the most

I important 19 terms produced a multiple regress ion  coefficient of 0. 81. These
te rms accounted for  66 pe rcent of the variance and the equation was reliable

I 

I at the 0. 001 leve l of confidence . The 19 te rms in orde r of predict ive impor-
tance, their regression coefficient ,  and the cumulative variance described
are given in Table 9.
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• Substituting actual scene metric value s for the symbols in the left
most column of Table 9, performing the appropriate operation , multiply ing
by the given wei ghting coeffic ient , and summing all weighted terms will
resul t in a predicted time to detect. For example , if the numbe r of c lutter
objects were 50 , then 02 would equal 502 — 2500 and the weighted term

would be -0 . 004 6 x 2500 = -11 . 50. This value summed with the 18 other
similarly calculated values plus the in te rcep t  would y ield a predicted time
to detect. It should be noted that all 20 of the terms given in Table 9 need to
be included in the calculation of the predicted pe rformance.  If an equation
with fewer  t e rms  is desired,  new weig h t ing  coef f ic ien ts  need to be calculated --

which ref lect  such a reduction . ~~ - 
- •

TABLE 9. SECOND-ORDER STEPWISE
REGRESSION ANALYSIS SUMMARY - -

Cumula t ive  Var iance
Term C o e f f ic i e n t  Described , %

Intercept  - 99. 004~~3

o i i .  q~~1q I  12. 25

ol - 0. 004 (0  16 . 56

AO - 0. 1 2818

OC - 0 . 142 66 2 L 8 9

C2 
- 0. 04952 33 . 89

OR 0. -16698 36. 17

- 0 .3 13 8 5  4 1. 0 2

AM 0.16096 4~~. 7t

OB 1.5202 0  46. 72

BR 0. 482 17 49. 01

B 2 16. 763 17  4 . i7

B - 13 5 .0 1836 59. 27

DM 0. 13602 61. — .
C 7 50094 61•~~c

M 2 
- 2. 17~~i 0  63 . 2 5

A 0. 7~t 2 3  64 . 52

MR - 1.7602 1  6; . 16

CM 0. 2 251 ( 5 .6 5

MP - 4 . ( I ( - 1 66. 25

KEY : 
—

0 Number of Clu t te r  Objects

P T a r g e t - t o - C l ut t e r  ProxLni ity

B Numbe r of Cluster Clut ter  Objects

R Percent Roads

C Targe t - to -Background  Cont ras t  (%) - -

A Percent  Usable Area

M Numbe r of Man-Made Objects
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CONCLU SIONS — EXPERIMENTS 1 TO 3

The data f rom Exper iments  1 and 3 provide dramatic examples of the
importance of the background scene as a determinant  of tactical target
detection performance. Any mode l that fai ls  to account for  the influences of

I realistic background scenes can be expected to g ross ly overest imate observer
performance. Detection of a target  in even a simple real background requires
11 time s as long for  detection as the same target  in a un i form background .
With hig h complexity backgrounds  the facto r become s 24 . Di f fe rences  of

I this magnitude make it apparen t  that the effects  of realistic scene characte r-
istic s must be understood and modeled.

I The absence of an interact ion between resolution and scene complexit y
demonst ra ted  b y the data of Exper iment  I suggests  that the inclusion of
scene charac te r i s t i c s  in an advanced model may not necessi tate  the computa-

I tion of a large number of scene complexity by sensor characteristic interaction

terms. This conclusion is only tentative because the present  r e sea rch

I examined only two levels of resolution and did not include many of the other
potentially important  sensor parameters.

I The most impor tan t  r e su l ts  of the p re sen t  r e sea rch  are  those that
suggest an alternative model fo rm based on two or more component p rocesses .

I The data imply one process  that  mig ht be associa ted  wi th  search  for  candidate
t a rge t  objects  and a second p rocess  which  follows and includes a de te rmina t ion
of w h e t h e r  the object is actual ly a target .  Among the advantages  of a compo-

I nent  p rocess  model is the abi l i ty  to separa te  a complex task into behaviorally
meaning ful  pa r t s  each of whic h can be evaluated sepa rately. This  may allow

I conside rable economy in data collection because the scene cha racter is t ic s that
inf luence one process  a re  very  like ly qu i t e  d i f f e r en t  f r o m  those which influence

I the second process. Rather than including a complete set of metric s and

at tempting to fit  a set of pa r ame te r s  for the en t i re  process,  two smaller

I sub- sets of scene characte ristic s are  used to f i t  the two dis t inct  sets of
parameters .  The iterative ref inement  of the pa rameters  can also be sepa-
rated because it is possible to identif y which component is causing a lack-of-
fit in the combined model.

1 
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• Perhaps the greatest advantage of a component model based on

behavioral  aspects  is the ability to identif y which pa rt of the t ask  is causing

the most diff icul ty for  the observe r , thereby providing important  info r ma tion

for  the system desi gner.  For example , if it is found that one portion of the

task produces  a signif icant  decrement  in par t icula r situations, the system

designer  can use this data to modif y the existing system or to design the next

gene ration system.
The advantage s g iven for  the two component  fo rm of the model make -t

it a pr ime candidate fo r  expanding a detection model to include the in f luences

of real is t ic  t e r r a in  f ea tu res ,  provided the assumpt ion s made in the der iva t ion

of the model a re  valid . Althoug h each of the a s s u m p t i o n s  appea r reasonable

based on exist ing data and a logical anal ys i s  of the detection process , a

necessa ry  f i r s t  step will be the ver i f ica t ion  of the assumpt ions  and a ~‘erifi-

cation of the model form.  For example, it is not totally clear  how the two

component models presented  previously will account  for  the case where  the

observer find s a candidate object , examines it in detail , and rejects it as a
target  onl y to decide afte r f u r t h e r  search  that  it was actually a ta rge t. -

~~

The large number of squared and l inear-by- l inear  t e rms  in Table 9 - -

makes it apparen t  wh y a l inear  equation failed to provide an adequate desc ri p- -.
tion of the data . The squared te rm s add curva tu re  and the l inear-by- l inea r

terms represent inte ractions among var iou s metr ics  so that the effect of one 
- -

scene metr ic  depends upon the level of another  metr ic.  For example , the
effect  of number of clutte r objects  is tr’ increase the time to detect . However ,
the presence  of the A0 term mean s that  the magnitude of the change depends

upon the value of A ,  the useful  area  of the scene . L a r g e r  value s of A reduce
the influence of the clutte r pe rhaps  suggest ing that  the number of clutte r
objects per unit  usefu l  area may be an a l t e rna t ive  metric .

The good predic tion obtained wi th  a few simp le scene metr ic s indicate s
considerable  potent ial  for  this  approach  as a method for  f i t t in g the pa ramete r s
of a model which include s scene cha rac t e r i s t i c s.  A carefu l  considerat ion of
the relationships among metric s revealed by the regression analys i s  may
provide a means for  identif y ing metr ic s that a re  even more efficient and

• e f fect ive than those inc luded in the p r e sen t  stud y.
Because target  type was also included as a predictor  variable in the

regress ion  analys i s  a second examination of its influence could be made .
Table 9 show s that none of the 19 most impor tan t  t e rms  included ta rget type

F
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indicating virtually no predictive value . The absence of a target type effect
- 

~~~
-. in this experiment, which more definitely separated scene and t a rge t/ scene

interaction effects  f rom pure t a rge t  effects , supports  the conclusion of
Experiment 1. What had appeared as an effect  of target  type was actually
more an effect  of the target  within the scene.

The success of the regression approach used on Experiment 3 indicate s

that this approach is a viable means for fitting the parameters of a model .
The princ iple difficulty with the method is its inefficiency.  If the levels of
the various predicto r metr ic s are  determined by a random sampling, then
considerable data are requ i red  to assess  the wei ghting fac to r s  with any
precis ion.  The larger the number  of va r i ab l e s  and the greate r the order  of
the equation the more seriou s the problem become s.

The magnitude of the problem can be reduced if , b y c a r e f u l  analys i s
and the use of sc reen ing  e x p e r i m e n t s ,  the numbe r of variable s can be
reduced . A f i r s t  step in this  d i rec t ion  would make use of the r e g r e s s i o n
equation obtained f rom the data of Expe r imen t  3 to identif y a l t e rna t ive
met r ic s that  a re  like ly to be more d e s c r i pt ive  and e f f i c i en t . This , combined
with  the use of economical  e x p e r i m e n t a l  desi gns  such as  cen t ra l -compos i te

desi gns , will provide an eff icient  means for  f i t t ing  the parameters of a model.

—
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EXPERIMENT 4

BACKGROUND

The previous three experiments examined target detection performance

when the target was within the 8. 89 by 8. 89 grad (8 by 8 degree) f ield-of-view.
In most s ituations, however , the task of posi t ioning the sensor can be a major
portion of the detection process.  This will be particularly t rue  if the target

location is unknown or only poorl y specified. In such s ituations , questions
arise concerning the best method of performing the search and the optimum
field-of-view or combination of field s -of-view.

Field-of-View

A wide f ield-of-view, as shown in Figure 16, allows all or a large

part of the search area to be examined at one time and the total context per-
ceived . This makes it possible for the operator to use a pr ior i  information

concerning probable target  locations to aid him in his search. For example ,
vehicles are often found on or near roads and an initial  search of these fea-
tures in a scene would be a potentiall y successful strategy.

The princ ipal disadvantage of a wide f ie ld-of-v iew results from the
limited resolution of the sensor system and , to a lesser extent , the
observer ’s visual system. With increased field -of-view comes decreased

a 22. 22 grad (20 degree) field-
.1 ~~~~~~~~~ of-view.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Figure 16. Sensor disp lay wit h

I I

1’



disp layed target size so that a suff ic ientl y large f ie lds-of-view the target is
l ittle more than a speck on the disp lay. For example , a t ruck  viewed from
a 910 meter (3000 feet)  altitude and a s lant range of 2 ki lometers  (1. 24 mi les)

with a 22. 22 grad (20 degree)  f i e ld -o f -v iew will be only 0 . 68 percent of the
display in height. If the d isplay is a standard television with 480 active lines
only 3. 3 of these wil l  be across the target . If the range is increased to
5 kilometers (3.11 miles) ,  the values become 0. 22 percent  and 1. 0 line. In
both cases , detection mi ght be possible if the ta rge t - to-background contrast
were hi gh and the back ground were very  s imple. However , with real is t ic
values of contrast and back ground scenes typ ical of actual t e r ra in , detection ,
at best, could be extremely difficult. To obtain an acceptable displayed tar-

get image size at the ranges of in te res t  requires that a smaller  field -of-view ,
as shown in Figures 17 to 19, be used.

These observations are substantiated by previous research on the k ~~,

effects of f ie ld-of-view. For pre-br iefed  t a rge t s , where the task is p r imar i l y
one of identify ing the appropriate contextual features that identify the target

location , f ie ld-of -v iew has little effect  (Ozkaptan , Ohmant , Berger t , and - - -

McGee , 1968) or la rger  f i e ld s -o f -v i ew  are super ior  (Dale , K nudsen , Hawley,
Jeff rey,  Luninger , and Bliss , 1968). This  is because the actual seeing of
the target  is not necessary ,  ra ther  a cor re la t ion  of the b r i e f ing  mate r ial and

I.

• 
• .

Fi gure 17 . Sensor disp lay with  a
12. 22 grad ( 11 degree)  field-of-
view.
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Figure 18. Sensor disp lay with a
6.1 1 grad (5.5 degree) field-of-
view.

- - -
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I Figure 19. Sensor disp lay with a
3. 05 grad (2. 75 degree) f ield-of-

I i view.
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the viewed scene must be accomplished. For th is task contextual cues are
most important and these are best appreciated with a large field -of-view.

Similar results have been obtained in this  laboratory in a task requir-
ing operators to find pre-br iefed targets  with and without the aid of eight-to-
one continuous zoom . Both conditions resulted in similar probabili ty of
detection, however , the condition with zoom capability required more time
for its completion probably because of the time required for the zoom process.
Clearly the increased target size and defini t ion resulting from the smaller
field-of-view was of little advantage in detecting pre-briefed targets.

For targets  that are not pre-briefed , the s ituation is very d ifferent .
Decreased f ields-of-view improve detection performance, at least down to
some optimum field-of-view (Berger t  and Fowle r , 1970; Fretag and Jones ,
1973; Ozkapton , Ohmant , Berger t , and McGee, 1968). In this case , the
increased target size and def in i t ion  are cr i t ical  to the detection task.  Fretag
and Jones , (1973) found improved perfo rmance as f ield-of- v iew decreased
down to 5. 56 grad s (5 degrees)  but l i t t le  improvement below that value ,
ind icating that once a critical target definition threshold or size is reached
little further improvement results.

Based on the ex i s t ing  l i t e ra tu re , it is apparent that a small field-of-.
v iew is desirable provided the target  is w ithin that  view. If the uncer ta int y
in the target  posi t ion is hi g h then the des i re  for a small f ie ld-of-v iew must
be mediated by the search method available for  get t ing the target  wi thin  the
field-of-view.

Search Method

For the purposes of the present experiment it was assumed that the
target location was known to be wi th in  a 22. 22 by 22. 22 grad (20 by 20 degree)
forward view area. The task was to find all tactical  ta rge ts  wi th in  this  area.
There are at least three available methods for accomp lishing this task .

The f i r s t  technique would be to provide a 22. 22 grad (20 deg ree )
f ie ld-of-view disp lay of the area and allow the operator to search the area
with his eyes. This method has both the advantages and disadvantages of a - -

wid e f ie ld-of-view discussed previousl y.
A second technique would be to reduce the f ield-of-view and provide

the operator with a control for point ing the sensor wi th in  the search area . 
- -

This method has the advantage of allowing a reduced f ie ld-of-view, which
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I
L produces a larger target image and greater target definition. However , with

a reduced field-of-view the operator has fewer contextual cues available and

may not be able to effectively examine the entire search area. It is pos s ible
for the operator to become disoriented and examine some portions of the
search area several times while not exam ining othe r areas at all. The

I sever i ty  of this problem may be directly related to the f ie ld-of-view being
used .

t A third search technique can be implemented that reduces the problem
of keep ing track of the area searched. The system could be made to point the
sensor in a programmed search pat tern guaranteeing that the ent i re  search

I area is examined. With this type of prog rammed search , the probab il ity of
target detection should improve to the extent that searching the entire area

places a larger number of targets with in the field-of-view. At the same time,
however , it m ight be expected that the time required to detect a target would
increase because the fixed search pat tern  cannot take advantage of any knowl—
ed ge concerning likely target  pos itions. The magnitude of this time penalty

T 
can be reduced by providing the operator with control over the rate of the
search scan. This would allow the operator to move rapidly over areas that
could not possibly contain a target .

The discussion to this point has considered only s ing le field-of-view
systems. From the operator ’s stand point a multiple field-of-view systemI may prove to be the optimum. A wide view could be provided to allow orienta-
tion and max imize the use of a priori knowledge. When a likely target is
detected in the wide view, a nar rower v iew could be selected to perform the
actual recognition. Two method s of obtaining the narrow fields-of-view can

I be contemplated . One method would be to provide continuou s selectable zoom
and the second would be to provid e selectable discrete  narrow fields-of-view.

I 
Both of these implementations increase the complexity of the sensor system
and can be just i f ied onl y if operator performance is improved sufficient ly.

I EXPERLMENTAL PLAN

The considerations discussed above led to the selection of nine search

I modes for examination in the present experiment. These are the six factorial
combinations of two search methods — sensor pointing and programmed — and

I three fixed fields-of-view — 12. 22, 6.11 , and 3.05 grad s (11, 5.5 and
2. 75 degrees)  plus three special cases. These were free eye search with
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22. 22 grad (20 degree) f ield-of-view, sensor pointing with continuous

selectable zoom between 22. 22 grad s (20 degrees) and 3.05 grad s (2.75 degrees)

and sensor pointing w ith selectable discrete  fields-of-view of 22. 22, 1 2. 22 ,
and 3. 05 g rads (20 , 11, and 2. 75 degrees). The nine conditions summarized

in Table 10 were examined in a target search and detection task with realistic
background scenes.

TABLE 10. EXPERIMENTAL CONDITIONS — EXPERIMENT 4

Field-of-view, grads 
_____________

Discrete
22. 22 ,

Continuou s 1 2. 22 ,
Search Method 22. 22 12. 22 6 . 11 3. 05 22. 22-3 . 05 and 3. 0 5

Sensor Pointing X X X X X

Programmed X X X
Scan

Free Eye X

METHOD

Search Techniques

In the following paragraphs , the disp lay character is t ics  and control

functions for each search technique will be described.  - -

Sensor Point ing  Search

Five of the nine modes investigated used a sensor pointing search
technique where the operator could , by means of a hand control, select a
portion of the search area for disp lay. The deflection of the hand control
determined the rate and direct ion of sensor slew. Target  designation was
accomplished by slewing the sensor to place the target under a set of fixed
crosshairs  and depressing a thumb actuated lock-on button.

Three of the sensor pointing modes had a sing le fixed f ield-of-view

and two had variable f ield-of-view. In these latter cases , field-of-view was
controlled with a thumb switch. In the continuous zoom condition , the field - --
of-view changed continuously as long as the switch was activated. Forward

L 

60

L - _____________________ 



-~~~~~~~~~~~~~~~~ - . - -- ---- ---~~~~----~~~~~ - - ----~~• -

I
I 

action commanded reduced field -of-view and reverse action increased
field -of-view. For the discrete multip le f ie ld-of-view condition , each act i-
vation of the switch caused a sing le field -of-view change. Because the s imu-

I lation was of a rap id lens change, the disp lay was blanked and the elapsed
time counter deactivated during the two seconds required for the s imulator
zoom lens to change the field-of-view. For example , if the system were in
a 22. 22 grad (20 degree)  field-of-view, forward activation of the thumb

‘ 
sw itch would cause the disp lay to blank for two second s while the f ie ld-of-v iew
was changed to 12. 22 (11 degrees).  A second forward switch activat ion would

I cause a similar change to the 3. 05 grad (2. 75 degree)  f ield-of-view. Reverse
activation of the switch commanded increased f ie ld-of-view in a similar

I 

manne r .

Programmed Search

I 
For the programmed scan modes , the pa t te rn  followed depended upon

the f ie ld-of-view as shown in Fi gure 20. It can be seen , with a 12. 22

I 

(11 degree) f ield-of-view only two horizontal  scan bars were required while

four or ei ght were necessary with the two smaller f ie lds-of-view.  In all

I 

cases there was a 10 percent overlay between adjacent bars to preclude the
possibilit y of a target occurr ing at the bou ndary of two bars and not being

imaged. Two patterns are shown in Fi gure 20 to indicate the complete path

I 
followed. The ri ght most f i gure shows the path followed after completion of
the f i r s t  scan of the search area.

I 
In these modes the hand control  served two control funct ions.  Dur ing

the scanning seque nce forward deflect ion of the hand control increased the

I rate of the scan up to a max imum of 5. 56 f i e ld-of -v iew g rad s (5 degrees )  per
second . Pulling back on the hand control  s lowed the scan rate down to 0. 0 grad

I per second at a minimum.

The hand control was also used to pos ition the target under the cross-

hairs  for ta rge t  designation. In these programmed search modes it wasI important from an experimental point of view that  the operator not be able to
override the scan pattern and operate in a sensor point ing mode. At the same

I time , it was important that the scene move under fixed crosshairs  as occurred
in the other modes. These two objectives were reconciled by holding the

I 

image in a memory and moving the televis ion raster to allow posit ioning of
the target under the crosshairs .  The operator signaled his intention of

I 
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des ignating a target by activating a tri gger which held the currently d isp layed

image in memory and changed the func t ion  of the hand control  to control the

image posi t ion.  W ith this  technique , the desi gnation control  task was con-

stant across cond itions and the operator could not examine an area beyond

that being scanned by the programmed search.

Free Eye Search

The 22. 22 grad (20 degree)  f i e l d - o f - v i e w , free eye search cond ition 
- -

was essentially a sensor poin t ing  mode where the entire search area could be

viewed at one t ime . Des igna t ion  was accomplished as in the sensor point ing

modes. Because the st imulus photographs were masked to exclude all but

the search area , no new t e r ra in  was visible during target  desi gnation.
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Stimuli

The ten test and three t r a in ing  images used in this stud y were prepared
in the same manner as Experiment 1. Each was a 22. 22 by 22. 22 grad (20
by 20 degree) forward oblique view which always included ranges from 1 to
3 kilometers (0 .62  to 1.86 miles).  They were selected to be of moderate
complexity and each contained between three and seven embedded targets.
All targets  were at ranges between 1 . 5  and 2. 5 kilometers (0. 93 to 1. 55 miles
and had target-to-background contrasts between 0.6 and 1.1.

Apparatus

The computer-controlled sensor disp lay s imulator shown in Figure 21
was used to present the stimulus images to experimental subjects . Disp lay
video ori g inated with a television camera fit ted with a servo dr iven 20 to 1
zoom l en s  focused on a film t r a n s p a r e n c y  mounted in a servo dr iven  platform .
The two direct ions of platform t r a n s l a t o r y  motion were used to s imulate the
azimuth and elevation sensor point ing  degrees of freedom . The zoom lens
provided a means of vary in g  field -of-view .

The film t ransparency  was illuminated with a strobe li ght which was
flashed , at 15 f rames per second , in s y n c h r o n i z a t i o n  with the televis ion
camera scan. The strobe li g ht was used to reduce the image smear that
normally occurs with a vidicori camera when the scene is moving. Because

the strobe provided very shor t , h i gh in t ens i t y li ght , the camera only “saw ”
stat ionary scenes and the smear was reduced . By reducing smear in this
way, the disp layed scene had a t endency  to jump in d i sc re te  steps rather than
move smoothly. This  c h a r a c t e r i s t i c , h owever , was less objectionable tha n
a smeared image.

An automatic gain control  (AGC) c~ r cu i~. on the camera video output
assured that the full d ynamic range of the d isp lay was ut i l ized .  This circuit- . adjusted the video si gnal  so that  the m i n i m u m  si gnal was d i sp layed as black
and the peak si gnal as max imum whi te .

After the AGC c i r cu i t , the analog video was conve rted to di gital form

I for storage in a dig ital scan conve rter  memc -~• - . The observer ’s disp lay was
refreshed from this  memory at 30 f rames per second by reading the memory
and convert ing back to an analog voltage. The memory also provided the
means for shi f t ing  the disp layed video to allow target  desi gnation in the

6~
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prQgrammed search modes. This was accomplished by adjusting the memory

I address from which the image information was to be read. To move the dis-
played image 100 elements to the left , 100 was added to each horizontal memory

I address so that the image information presented on the left most posit ion of
the disp lay was taken from the 100th memory location .

I The subject viewed a 20. 3 cm. (8 inch) hi gh standard television disp lay
from a distance of approximately 61 cm. (24 inches). The hand control  pre-

I viousl y described was located for easy activation with the ri ght hand . Next
to the subject’ s disp lay console was the experimenter ’s stat ion as shown in
Fi gure 21. During experimentation the two posi t ions were separated by a
cardboard partition.

The experimenter’s console provided various switche s and controls( which allowed the experimenter to direct  the computer s imulat ion. The com-
puter used was a Xerox Data Systems Sigma 5 which was interfaced to the

I simulation hardware described above. A real-time computer program was
writ ten to provide the desired search modes , automatic parameter set t ing

I and automatic data collection. The latter capability was achieved by s tor ing
the location of each target  in the computer and comparing these locations
with the position of the sensor when the subject desi gnated a target . This

I comparison allowed a computation of desi gnation accuracy which was
recorded along with the elapsed t r ia l  time when the desi gnation was made.
All data , including subject number , search mod e, date and time, and field -
of-view at desi gnation were recorded on magnet ic  tape and in p r in ted  form.

I Research Desi gn

I A different  group of five subjects was used for each of the nine search
modes. The resul t ing between-subjects desi gn was selected to avoid diffi-
culties with changed control operation and search s t ra tegy  when t r ans fe r r i ngI from one mod e to another. With the design used , any g iven subject was
required to learn onl y a sing le set of control operations and adopt a sing le
search s trategy.  Each subject viewed 10 image scene s each with from three
to seven targets.  In the 10 tr ials  a total of 44 targets were available for

I detection and designation.

I
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Subjects -

Forty-five volunteer subjects part ic ipated in the experiment and all 1 0

were members of the technical staff at Hug hes Ai rc ra f t  Company, Culver City,
California. Each was randomly assigned to one of the nine search mode con-
ditions and was unaware of the character is t ics of the other eight modes.

Procedures 1

At the beg inning  of the expel ~mental  session , the subject was g iven a 
-

set of standardized wr i t t en  ins t ruc t ions  corresponding to the search mode he

was to experience. When the subject had read the ins t ruc t ions  the experi- -

menter  verbally summarized t h e i r  sa l ient  point s and answered any questions

from the subject. A 20 minute  t r a i n i n g  session followed which allowed the

subject to become famil iar with  the image and control character i s t ics .  L

The 10 experimental t r ia l s  were begun when the subject was jud ged to 
-

be competent with the task and proc edures. Each t r i a l  was started with a

blank disp lay. When the subject indicated he was ready,  the experimenter

started the t r ia l  which unblanked the disp lay to reveal the image scene. The

subject searched for t a rge t s  for  a total t r i a l  length of 4 minutes  at the end of

which the disp lay again blanked . Approximate ly  2 minutes  elapsed between

trials , dur ing  which time the exper imenter  changed f i lm images and the sub-

ject relaxed . The entire session required approximately 1 hour and 1 5 minu tes .  -

RESULTS AND DISCUSSION

Performance Measures  - .

Four performance measures were taken  to assess the effects of sensor

f ie ld-of-view and search s t ra tegy:  1) number of correct  target  detections

(Ne), 2) number of missed ta rge ts  (er rors  of omission , N0), 3) numbe r of -

false target  detections ( e r ro r s  of invention , N1), and 4) target detection time

(TD ). These measures were used to derive four indices of operator target

detection performance: 1) p robab i l i ty  of correct  target detection [N C (NC +

N0)], 2) average tim e to correctl y detect targets  (TD),  3) number of false

detections (N 1), and 4) a compos ite performance score which combined the

effects of number of correct  detectton s , number of missed targets  and number

of false target  detections.  The equation for  the composite score was

NC/ (NC + N0 + N1).

1;- 
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- The correct target detection times were calculated by divid ing the

I total search time by the number of correct target  detections . In the event
that all targets on a g ive n scene were not detected , the search time was the

I trial length of 240 seconds. This computational technique resulted in an
inflated detection time if a scene contained a diff icul t  target that was not

I usually detected . For example, if fou r targets  were present  and three were
found in 90 seconds and the fourth was missed entirely, the computational

I method used resulted in an average time of 80 second s even though the f i r s t
three were found in an average of 30 seconds each. This apparent inequity
is another manifestation of the common problem of assigning a latency score

I j when a target  is missed .
In the following sections , the effects of f ield-of—v iew , search s t ra tegy

(programmed search versus manual sensor point ing),  and zoom and multiple
discrete fields-of-view are presented in te rms of the four measures of opera-

I 
tor performance.

Field -of-View

I Figure 22 shows the effect of f ie ld-of-view on the probabil i ty of correct
target detection for  3. 05 , 6. 11 and 12. 22 grad (2. 75 , 5. 5 and 11 degree)

1_o I 1

I 0 8 -  -
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T
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Figure 22. The effect of field -of-view on the
probab ility of correctly detecting a target.f i 67
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fields-of-view withrnanual sensor pointing and 22. 22 grad (20 degree) free
eye search conditions . Figures 23 to 25 present similar plots for time to
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Figure 23. The effect of field-of-view on the time
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J Figure 25. The effect of f ie ld-of-view on the
composite performance score.

I detect , number of false detections and composite performance scores ,

• respectively. From Figure 22 it is apparent that a major decrement in

j performance occurs in the 22. 22 grad (20 degree)  f ield-of-view condition
compared to the other three f ields-of-view. The probabi l i ty  of correct t a r -

I get detection was half as large for the 22. 22 grad (20 degree) f ield-of-view.
Ana lyses of variance indicated that this result was reliable beyond the 0. 01
level. There were virtually no d ifferences between the 3. 05 , 6. 11 and1 12. 22 grad (2. 75 , 5 .5  and 11 degree) field-of-view conditions.

The average time to correct target detection shown in Figure 23 was

I also reliable at the 0. 01 level of s ignif icance.  However , because in virtually

~~ no case were all of the targets  in a g iven scene detected , no new information
is provided by the latency data . If one or more targets  in a scene were not
detected , the total search t ime was taken as the trial length. Thus , in most

I cases the total search time was a constant value and average search time a

function only of the number of correct target detections.

~~~ 
The number of false target detections per target scene as a function

of field-of-view is shown in Figure 24 and indicates that the number of false
detections reliably (p <0. 01) increas e with field -of-view. This f inding  is

I
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predictable, because as field-of-view increases the disp layed size of the

target and the number of resolution lines across it decrease. With a

smaller target size and less definit ion , it is difficult  to d iscr iminate  neces-

sary target detail and a larger number of non-target objects will meet the

cr i ter ion of a target.  The small d ifference between the 3. 05 and 6. 11 grad -

(2. 75 and 5. 5 degree) cond itions could be interpreted as an indication that

some critical amount of target detail is required and beyond that little or no -

improvement occurs.

It is clear from these data that for f ie lds-of-v iew of 12. 22 grads 
-

(11 degrees)  or larger and target range s between 1. 5 and 2. 5 km , the number
of false detections will increase dramat ica l ly. For longer target  ranges , the
cri t ical value of f ield-of-view would be expected to become smaller if target
size and def ini t ion are the d r i v i n g  factors .

The effect of f ie ld-of-view on the c ompos ite performance score , which
incorporates the number of correct  detections , the number of misses, and

the number of false detect ions , is shown in Fi gure 25. The results are simi- -

lar to those for the number of false de tec t ions  plotted in Fi gure 18 and the -

interpretations considered previousl y are also relevant here.

The search for , and detect ion of , unbriefed tactical targets  is

influenced by sensor f i e ld -of -v iew because of its influence on the number of

resolution lines across the target (target definition), the d i sp layed target
subtense , and the amount of t e r r a i n  disp layed . Experiment 1, along with
many other experiments , demonstrated the major effect resolution can have
on tactical target  detect ion , recogni t ion , and identif ication.  In this stud y
sensor resolution was fixed at 480 active television lines and targets  occurred -

at ranges of 1. 5, 2. 0 and 2. 5 km. Table 11 shows the number of resolution - -

TAB LE 11. TELEVISION LINES ACROSS THE HEIGHT OF A TARGET 
-

FOR VARIOUS RANGES AND FIELDS-.OF-VIEW --

__________ Field -of-View , grads (degrees) 
- .

3. 05 6. 11 12. 22 22. 22 
-

Range , km (2. 75) (5. 50) (11 .00)  (20. 00)

1.5  36. 4 18. 2 9 .1  5.0

2 .0  23. 8 1 1 . 9  6 .0  3 .3
~ 1

2.5 17.7 8.9 4.4 2.4
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l ines that we re acros s the hei ght of the targets a~ the four fields-of-view and
ar I three target ranges. At the two largest fields-of-view, the number of

TV lines across the targets ranged from 2. 4 to 9. 1. Based on the perfo r-
mance obtained with the fou r fields-of-view, one can speculate that a mini-

mum of 6 to 9 TV l ines across a target’ s hei ght are required to achieve good

I operator tactical target  recognition performance, where r ecognit ion is defined
as being able to correctly classif y an object as a mil i tary vehicle, but not

‘ 
necessarily identif y the object as , for example, a tank .

For a fixed viewing distance , a decrease in field -of-view will  result

in an increase in disp layed target subtense. As demonstrated in Experiment 1,

I target  subtense can reduce the effect ive resolution if the target  is too small
for the observe r to resolve all of the information present . Extract ion of

1 
information concerning the shape of the target can be of considerable impor-

tance with high scene complexity. In the absenc e of high complexity back-
ground s, where detection can be accomplished on the basis  of luminance

differences , the psychophysically demonstrated interaction between target

subtense and contrast  may influence the selection of field -of-view .

1 Field -of-view also determines the amount of t e r r a i n  that will be dis-

played . A wid e fie ld-of-view will disp lay many more clutter objects and may,

I therefore, be of hi gher complexity than a smaller  por t ion  of the same area.

On the other ha nd , the increased v i s ib i l i t y  of small ter ra in features  resul t ing

from a narrow f ield-of-view may also provid e a considerable  number of clut-

ter objects. If all of a search area is examined with a nar row f ie ld-of -v iew,

I 
it is reasonable to assume that  the total  number of c lut ter  objects will be

hi gher than if that same area were examined with a sing le wide f ie ld-of-view.

I The relat ionship between f ie ld-of-view and scene complexity was not
examined in the present stud y so that the magnitude of this factor is not known

for the case of target search. Howeve r , if the data of Expe r iment 1 are

I indicat ive , the effect will be large. In the absence of knowledge concerning
the effect of scene complexity on search , the selection of a particular field-

I of-view for the search and detection of unbriefed tactical targets should be
based on the range at which targets are to be detected , the resolution of the

I sensor , and on a target definition c r i te r ion. The results of this  experiment
indicate the definition cr i ter ion is between six and nine TV lines , provided

the target subtense is sufficient for the observer to resolve these lines.

1 71

~~~~ i_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - ---~~~~~~~~~~~~ — .~~~~ --



- .-. -~~~~- ,- ~~~~~~~~~~~~ ~‘——.-~
-————— -——--- —

~~~ 
— - — - - —

Se-arch Strategy

Six of the nine experimental conditions investigated represented the
factorial combinations of two search s t ra teg ies and three fields-of-view. A
separate analys is of these cond itions allowed an examination of the relative
advantages of programmed search versus  sensor po inting search , field-of-

view , and their interaction. Anal yses of var iance  on each of the four per-
formance measures ind icated that onl y the composite performance score was
reliably (p <0. 05) affected by search s t ra tegy and f ie ld -of -v iew and that in no

case was the interact ion reliable.
Figure 26 presents the effect  of search s t ra tegy and field-of-view on

the composite performance score. As can be seen , the manual sensor point-
ing search method is superior to the programmed search for all f ields-of-view.
The difference is quite small at the 12. 22 grad ( 11 degree)  f ie ld-of-view and
substantially larger at the other f ields-of-view. Althoug h this interaction was
not reliable , it is not surpris ing that performance is nearl y the same at the
wid e f ie ld-of-view. Because so much of the search area is viewed at one
time the method for point ing the sensor  should make little difference.

1.0 I I

~ 
o.s - - L

-

053 M A N U A L  SENSO R POINTING

0.4 -  0
~
;::::: ::: ::::

::: :: ::: ::: ~a35 
-

8 PROGRAMMED SEARCH
0.2 - -

0 I I
1.11 S_se 11 11 16 67 GRADS

1 5 10 15 DEGREES

FIELD OF VI EW

Figure 26. The effect  of search strategy and field-of-view on the
composite performance score.
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- The overall superiority of the manual sen ~sor search was not anticipated.
It has been expected that the programmed search would improve the probability
of detection at the expense of detect ion time. This was not found ; the manual

I search was as good or better than the programmed search on all measures.
A number of factors may have cont r ibuted to the superiority of manual search .

I The manual sensor pointing mode always began a trial pointed at the center of
the stimulus image which corresponded to a range of 2 to 3 km. From that

I starting point , movement of the sensor in any direct ion had a hi gh probability
of bring ing a target into view. With the programmed search the scan always

I began at maximum range and some time was required before a target  could
possibly be detected. The length of the delay was dependent upon the field -
of-view with smaller fields-of-view requiring longer times. An examination
of the times required for the f i r s t  target detection confi rms the above.

In the programmed search cond ition , the subject could stop the scan

but he could not reverse it. If a target passed before the subject could stop
the sensor , a long wait for the scan to return to that position was required

I for a second opportun ity to desi gnate the target.  It is likely that a subject

would become reckless and tend to desi gnate everything to maximize the

‘ 

probability of target detection. Such behavior would increase the number of
false detections and reduce the composite performance score. Examination

of the false detection data supports this supposit ion for the two larger f ields-

1 of-view but not for the narrow field-of-view. This appears to be the case

because in the manual sensor pointing and narrow field-of-view condition

I seve ral subjects interpreted clutter objects at long range as targets and
mad e an unusually large number of false detect ions.

I The stimuli used in the experiment had backgrounds that extended only
to the 22. 22 by 22. 22 grad (20 by 20 degree)  search area beyond which was a

I black mask. In the manual mode it is possible that subjects used the edge of
the search area to reduce the uncer ta in ty  concerning the location of the sen-

I sor . If this were the case , the frequency with which the subjects examined

an area previously searched would have been reduced .
Programmed sensor search will result in shorter search t ime if the

— I scan beg ins at a range with a high target  probability. For example, the
3. 05 grad (2. 75 degree) programmed search scanned two bars at far range

( 
where no targets were located . Examination of the strip chart recordings
made during the experiment, reveals that on the average 52. 5 second s were

I-
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spent on these two bars. If this time is taken intd account , the time to f i r s t

correct detection is reduced from 85 . 7 to 33. 2 seconds. Comparing this

value with the 60. 6 second average time to f i r s t  detection for this narrow

field-of-view manual sensor pointing mode shows that the programmed search

nearly halved the search time.
Perhaps the optimum strategy may be to combine programmed and

sensor pointing search. In this mod e, the system would perform a program-
med search until the operator desired to take command and direct  the sensor 

j
pointing. Once the manual pointing were complete, the system would resume
the programmed search.

Multiple Field-of-View Search 
-

Two conditions in the experiment examined multiple f ields-of-view to

determ ine i-f these would substantially increase target  detection performance.

In one of these modes continuous zoom was available to the operator so that

he could select any field -of-view between 22. 22 grads (20 degrees)  and

3. 05 grad s (2. 75 degrees) .  In the second multiple f ie ld-of-v iew condition

three d iscre te  f ie lds-of-view of 22. 22 , 12. 22 , and 3 . 0 5  grads (20 , 11 , and

2. 75 degrees)  could be selected b y the observer . The composite performance
score for these two modes are plotted in Figure 27 along with the scores for

the other seven modes. An analysis of variance on the nine modes indicated

reliable (p ~ 0. 01) d i f ference  on all of the performance measures.  However ,

a Newman-Keuls post hoc analys is  revealed no reliable differences between

either of the multiple field -of-view condit ions.  Continuously selectable field-

of-view was no different  than discrete  step f ie ld-of-view.

For the composite performance  score,  the multip le f ield-of-view

conditions were reliably (p ~ 0. 05) super ior  to free eye search, the 12. 22 grad

(11 degree) field-of-view manual search , and the 12. 22 and 6 .11 grad (11 and

5. 5 degrees)  field -of-view programmed search conditions. As can be seen

in Figure 27 , except for the f ree  eye search , these dif ferences  are relatively - -

small and probably do not justif y the additional cost of implementing the

larger number of f ields-of-view.
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CONC LUSIONS — EXPERIMENT 4

The resul ts  indicate that f i eld -of -v iew , method of search , and type of
multi ple field-of-view have relatively little effect on tactical target search
and detection performance, as long as minimum levels of target def ini t ion
and target subtens e are maintained . Both probabi l i ty  of detection and
latency of detection were independent of field -of-view at and below 12. 22 grad
(11 degrees)  for targets at 1.5 to 2. 5 kilometer range. These conditions
correspond to 6 to 9 TV lines across  the target  hei g ht.

The methods used to search for  multiple targets  in a display had
surpr i s ingly little effect on performance;  althou gh , the effects were reliable.
Operator-controlled search resulted in sli ghtl y better composite performance
scores than the par t icular  programmed search mode examined , indicat ing
that operator-controlled search was more eff ic ient  than a preset search pat-
tern  which systematically covered all of the 22 by 22 grad t e r ra in  area.

When the operato r was able to select multiple f ie lds-of-view, per-
formance was slightly better  than that for  programmed search but not as good
as performance under the manual sensor poin t ing  mode. While the overal l
effect of search method was reliable , the d i f fe rences  were small. Of the nine
methods tested , onl y f ree eye search wi th  a wide (22. 22 g rad ) f ie ld -o f -v iew - -

produced a large decrement in performance scores.

A reliable increase in false detections with inc reased field-of-view

was found, and this effect may be a function of an increase in the numbe r o
cluster objects with increased field-of-view . As the field-of-view increases

a larger portion of the terrain can be viewed providing a larger number of

potent ial clutter object s. In effect the complexity of the scene may be chang- - .

ing  with field-of-view .
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