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R S I

o CHAPTER I

o INTRODUCTION

The visual aquisition of militarily significant objects in & natural terrain
environment has, in the past two decades come to the forefront as a major
consideration in the design of future military weapon systems. With the surge
in sophistication of military hardware design, there is still a strong reliance on
the capabilities of the human observer tc successfully locate, identify, and bring
fire upon enemy elements before he himself, is destroyed. This location of the
enemy threat is most often accomplished without the assistarce of any clues or
devices other than the appearance of an object in the terrain.

B ->Milita | planners now rely heavily on computer-simulated war games to
evaluate the desirability and investigate tactics and employment of proposed
weapon systems in a combat environment. Other questions which might be
asked are how certain changes in a system affect performance in combat., How-
ever, construction of sophisticated ccmputer-simulation techniques has outpaced
the development of models adequately describing the capabilities of the human
visual system to locate and identify the enemy. In this thesis, models of the
visual detection of stationary and moving targets in a natural terrain setting are

developed, with emphasis toward their implementation in a combat simulation,
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The Detection Phenomenon

7

The ability of the human vicual system to successfully locate a threat-
ening enemy plays an important role in the outcome of any battle, The detection

of objects of military significance has been defined by Richardson (1968) ae

",..the act or process whereby an observer gains knowledge of the presence,
the nature, and the location of an object of immediate or potential interest as

a target. In applications related to military problems, it has been the usual

P
-

practice to discuss target acquisition in terms of target detection, identification
and location. It is by no means obvious that operationally significant distinc-
tions can be made between the detection and identification parts of the acquisi-
tion process which hold true over the complete spectrum of tactical situations

and conditions'". Boynton and Bush (1955) discuss the phenomenon further:

~

"The perception of 2 critical target can be complicated by the fact that the
observer might think he sees something,but is uncertain as to its particular shape

or configuration. This type of perception is compuatible with the definition of

y Loy n el : 553 2t i o

detection in the practical...situation, in which the observer identifies some
object of interest, although he may be unable to categorize it further. If, how-
ever, the observer is able to identify the object as belonging to a particular
class of objects or as having particular attributes, we may safely surmize that
he has not only detected an object but that he has also recognized it. Obviously,
recognition implies prior experience, in so far as one cannot categorize a

completely nove! object."
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From these statements, it is seen that detection, per se, is by nio means
an caslly described process. A wealth of visual detection data has been collected
in the past two decader. These data, taken under laboratory and field-based >
conditions, include both the detection of uniform-luminance diskes silhouetted
against homogenous, uniformly illuminated backgrounds as well as the detection K
of complex three-dimensional objects in a natura! setting. Data taken under ”
these two diverse conditions have obvious advantages and disadvantages for

application to a model of visual detection. Data taken in the laboratory under

e ﬁ
- oS - o 3 . o ” ” =
Pt e G AT Y DA TP ot T v NN A P DTN T YT e T RO T e R P Y X A A S TR

the careful control of the experimenter are lacking in realism since the conditions
under which they are ~ollected do not mimic natural conditions. Data taken in

the field environment are most often of a specialized nature and the conditions
under which they are collected are usually not sufficiently controlled. In this
thesis, data of both kinds are used in the development of modeis of visual detec~ ’ ;:‘
tion. Z"

Probability Models

The ability of an observer to detect an object in a natural environment K
is dependent on the conditions of the target, its surroundings, and the observer.
The time required to distinguish the target from other elements in the terrain
has been used as a measure of detection performance (Stollmack, 1965). The
occurrance of a detection within time t is a probabilistic event (Koopman, 1946).
Stollmack (1963) has suggested that the negative exponential distribution de-
scribes the detection time of a human observer. The detection time model

suggested by Stollmack is summarized below.




4
The probability, P (&t [ t), that a detection occurs in a small time
interval (t, t + &) canditional on not detecting up to time t can be written
{Stolimack, 1965) as:!
Patly=x@at+gay {1.1)

where X (t) is the conditional detection rate at time t and it is assumed that

P(at | t) is proportional to the length of time, At,
Given the conditional probability, P (&t l t), the cumulative probabilities,

P (t+ At), of detection in a time (1 + & t) or less can be written as:
P(t+At)=P(t)+{I—P(t)}[k(t)dnt*ﬁ(ét)], (1.2)

where P (t) is the cumulative probability of detecting in time t or less. Re-

arranging terms in equation 1.2, we have:

PRION-PO- (- ) [R(tﬂg—g%—g_] (1.3)

If it ic assumed E_Xﬂl approaches zero as At approaches infinity, taking the
1

limit of equation 1.3 as At approaches zero yields:

P =QM) N, Q) = {I—P(t)} , (1.4)

where p (1) is the uncondiuonal probability density function, the derivative of the

BWay=rgmatlergads.. ..
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cumulative density function P (t), Solving the differential equation given above,

P (t) becomes: ’
- ft
A(T)dr
Pt)=1-¢e ¢ ) (1.5) :

'
7]
where T is a dummy variable. )
Several assumputions about the form of the conditional detection rate can - V
% é
be made. The simplest is that in which the rate is assumed constant during the a\;‘? ,
R
entire appearance of the target as showr in Figure 1. ,“f p

e e LN PR
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e

‘y‘ "
.27

ke

)

A LAY

AeT) _—

07

"
- ’°
A

0 - T “'

Fig. 1.--Constant De‘sction Rate

This ca3e is most certainly true when the target is stationary and the

environment in which it is located is fairly stable (no extraneous clues). How-

$ s
ever, for moving targets, detection clues are constantly changing, altering the S 5
form of the conditional dctection rate. If these changes in the appearance of z **
5":\:‘5 %

o) §

the target occur instantaneously during the course of the movement and are ’ ‘z 7
) §

measurable, the detection rate will remair constant depending on the relative

LT IR

effect of the environmental change. If it is assumed that the effect of the change

e

is constant until another change occurs, the detection rate will assume the form

shown in Figurc 2.
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In Figure 2, the target becomes intervisible to the observerat time 0 and

¥ p - - - = oy ;..,« Eam— o
S TP TN T R P PO IR ST AN A NP

S
l4nia,

has a conditional detection rate equaito vy . At time Ty . an abrupt change
the characteristics of the target apparent to the obhserver cecurs, such as o

change in apparent veloeity, contrast of the target with aits buckground, or a ' i

b AR R M Y5

=

Y
Lo

change in apparvent swze. This produces a change in the detection rate of the
observer, raising it to a level A, ulter time 'l‘l Similar changes occur through-
~ N
* . . . LAl WY
out the course of the target s movement until it digappears from view, This

cuse of abruptly chanpiny detection rate is discussed funther in Chapter 1,

where data collected by Brown (1966) are used to estimate the detection rateas,

e

M =1, 20 0000 Adeseription of the experiment condueted Ly Brown to

measure the detection fimex of observers i the fteld is given a4y Appendin A
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In truth, the deteetion rate does not usually undergao the abirupt chages

g AN

. The chaages are mach move subthe and cccur more freauesi oy,

shown 1n Fgure |
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so that the detection rate would more often appear as shown in Figure 3, where
A (7 ) is a continuous function of time (depending on the movement trace of the

target and/or the observer).

AT)

v
Z

0 T

Fig. 3. --Hypothesized Form of the Conditional Detection Rate
According to the Glimpse Model

It is obvious that any attempt to explein this phenomensn from observer
detection-time dile would be {ruitless since an unwiedly sample size is necessary
because of the high number of changes. I or this reason a theoretical mndel of
the conditional detection rate which is compatible with computer simulation
requirer.cnts is developed which draws on an extensive review of the literature
pertinent to visuai detection, This model which combines elements of search

and psychophysical data is of the form:

Mr)y=pp g (S, T) (1.6
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where 1 is the rate at which fixations (glimpses) are made by the observer, p

is a constant which corrects for the mimber of forms in the scene which resemble
the target (confusing forms), and g (S,T ) is the probability that the target is
detected on a single glimpse, a function of & set environmental variables, S,

and the time T .

A model which predicts the single-glimpse detection probability, g(S, t),
developed in Chapter 3, draws heavily on the discussion of the pertinent litera-
ture on the detection phenomenon, discussed in Chapter 2. The model discussed
in Chapter 3 predicts the single-glimpse detection probability based on the best
evidence available to the writer,

In Chapter 3, environmental variables such as target and terrain
reflectance and the position of the source illuminating the target and tarrain are
used to predict the luminance of the target and its surrounding. Contrast of
the highlighted and shaded areas of the target with the background and foreground,
respectively, are used in an expression for the single-glimpse detection proba-
bility of the target. To derive this expression several simplifying assumptions
are necessary., These assummptions are made according to the evidence pres-
ented in the literature review (Chapter 2) and the judgment of the writer, With
these asswumptions data is available to permit derivation of the model. During

the course of this thesis, it will become evident t¢ the veader that additional
basic data concerning the detection phenomenon are quite necessary. However,
since only a limited amount of very basic data is available it must suffice for

the development contained in Chapter 3. The development of a detection-time
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model with continuous ~time detection rate, hereaiter called the "'glimpse model" 4
18 presented in Chapter 4, The validity of the ""glimpse model" is rather difficult é
to test because of the limitied capability to obtain dependable continuous physical é;
measures of the quantities used in its development and an inability to approxi- g
mate its time dependency with any great accuracy., For these reasons, the y
reader must digress a step and consider a model developed and tested for abrupt
changes in the detection rate based on actual field data. The form of the detec -
tion rate from the glimpse model should be close to thet of the abrupt-change
model with minor fluctuations as shown in Figure 4.
Model based on field dats ?.{
MT) with abrupt changes in » (T) 5 £
_ _ _ _GClimpse Model based on , %
theory A ’ﬁ
s
] 'I/- 'L' .Lr'--‘ :‘;' ! %‘i
L e '&‘)"; o
k‘l ‘T—Tlr"\ ':.:" ’ %’
L B oo
s . : g
coR
SO
|
T ‘L‘f-vj ;f
Fig. 4.-~Comparison of the Conditional Detection Rate for the :
Model Based on Field Data with that of the Glimpse ¢
Model. :
Detection-time data arc available from an experiment conducted by Brown (1966).
From these data, it is possible to estimate the conditional detection rate in ’;
I
4
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oach of the time intervals used in the simplified probabilistic model. Moving
pictures of the scenes used by Brown were avallahle, 8o on attempt was made

to investigate the correspondence between the glimpse mode!l and the simplified

R K PP 7w T e oWt NS 1S A P F P TR R T

model, However, it was impossible to measure all of the target scene variables

2

necessary for complete validation. The method of validation and unsuccessful «

¢ Y

L 7

attempts to collect data from [iims are discussed at the ¢nd of Chapter 4, O G

g R

% {

Chapter 5 contains a discussion of the area of target detection research, j: .

A

T 5

with emphasis on the implications of the models contained in this thesis. As .:{% H

s “k

‘3\.34 3

will be noticed from time to time, an extensive amount of additional data are s,;;;% ;
K .

needed to improve the resolution of the model. Some of these data needs are ’J\,-.f é

discussed in the final chapter. 2 :
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CHAPTER 2

FACTORS AFTECTINC TARGET DETECTION

Light ccutains information of the nature of objects in the environment.

Structures or patterns of different intensities and compositions (such as margins,
texture, pattern, contour or form) evolute responses in the individual. The
geometric perspective of these clues are used to analyze information aboat the
environmeut.

The eye is an instrument exploring the environment employing pursuit,
compensatory and saccadic movementa which produce a response to the environ-
ment. Vernou (1957) suggests that:

"Perception is selective and is determined in accordance with
the classification of incoming sensory data into organized
categoriee of schemata, in which the sensory deta are selected
and combined systematically with the relevant cognitive dats

and tendencies to appropriate action." Furthermore, "Schemata
are utilized to form hypotheses about the nature of the irmmediate
situation. These hypotheses are tested by attempting to select
from the incoming sensory data those which fit them. Dat2 that
do not fit may be ignored or rejected. If they are unusually vivid
or persistant, the observer may take some active measures to
check them and if necessary, to modify the hypotheses to
accomodate them. If data are inadequate or ambiguous, the ob-
server will perceive what his schemata lead him to expect. Where
schemata are too broad or ingensitive to afford perceptions that
are accurate in every detail, they may be refined by perceptual
learning."

Detection as discussed in Chapter 1 is a subclass of the phenomenoen of perception
discussed by Vernon. The task of the observer is to ~lassify the object into a

recognizable subset based on a known get of attributes. This classification

11
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system, {nborn in the observer, is affected only by the physical appearance of
the object. This chapter is denoted to a discussion of several recent experi-
mental works, conducted both in the laboratory and the field, to identify some of
theae {actors and quantify their influence on detection and identification per-

formance. The following factors are explored in some detail:

1. Target Size 3
2. Target Shape ;
&g
X
3. Confusing Forms »f
;\[*
4. Eyec Movements :‘i’k
b
';J.j Y
S. Target-to-Background Contrast “f

6. Target Form

7. Target Motion

The effects of these factore are then used in Chapter 3 to predict the
probability that a target in a natursl terrsin setting is detected on & single
glimpse. Information in this chapter is again used in Chapter 4 to predict the
oouditional detection rate, A (7 ), discussed in Chapter 1.

Target Size

The effect of target size on detection has been investigated by several

ST I TR P A Oy TR IO s S AR N E PR

experimenters. It has been shown (Kin'caid. et 2l., 1960) that the probability Z
of detecting & target increases as its apparent size to the observer increases. j
Target detection is discussed in terms of an "element contribution" theory of :2
4
spatial summation which predicts that the threshold decreases as the target ﬁ
5

size increases. Steedman and Baker (1960) conducted av experiinent to
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to determine how the ability of an observer to identify an object is affected by the ’

size of the object in a complex abstract display. Targets were generated on a

90,000-cell matrix of confusing forms. After being shown a reproduction the

e A R et o AL 3 W2

3

target in the same orientation as it was to be seen, the subject was told to iocate

4

&
¥
M
o,
e
4

S S0 e W0 .
LA IR VEN I et

\ the target in the display containing the confusing forms. The major finding was
£

that identification time was constant for targets above 12 minutes of arc, while £
2
i performance deteriorated for targets below 12 minutes. Richardson (1962) g:
;; measured the maximum sighting range for ships of various leagths at sea. g}é
* 3
: ; Figure 5 shows the relationships between the range at which 50 percent of the %ﬁ
’ % observers detected the ship and the length of the ship. From this figure, it %
% can be seen that larger targets (ships having greater length) are detected before ':;
e 4
i % the smaller targets (that is, at high target-to-observer ranges, large targets ;i
£, pe
: % " are naturally more detectable than small targets). In a study by Boynton and '%:
: 2 Bush (1955) it was shown that the probability of recognizing (identifying)a target %
form increases as the target-to-observer size increases regardless of the 5:::
nature (shape) of the form. Fox (1956} investigated the effect of object size on E
both detection and recognition. Circles, irregular shapes, squares, triangles, &
crosses, and stars of three different sizes were preseunted to observers, It E
was shown that an increase in object size decreased the deterction and rec - ﬁ

ognition threshold and increased the frequency of correct identification.
The results of these few experiments illustrate a ratherintuitive notion
about targel detection ability. That is, the larger a target appears to the

observer, the casier it is to detect and identify. However, a measure of this
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target size is not so intuitive, since the shape of a target commonly encountered

in a natural enviconment is very complex, presenting aninfinite number of

%ct-

ability. That measure of size most often used is the aggular subtense of thte

linear dimensions which might qualify as that measure which

urget.z defined as (Wulfeck, et al., 1958):

"The angle subtended by an object of vision at the nodal
point of the eye. The magnitude of this angle determines

the size of the corresponding retinal image, irrespective
of the size or distance of the object.™

This definition can apply to any linear dimension of the target, be it the diameter
of a circular target, the greatest linear dimension of a rectangulay or complex
target, or the perimeters of any shaped target (Harris, 1964). Most of the
psychophysical data availeble on object detectability use the angle subtended by
the diameter of a circular target as the measure of target size (Blackwell, 1946;
Taylor, 1964). The use of these hasic psychophysical data to predict the detect-

ability of a complex target 1n a complex natural environment ig discussed in

Chapter 3.
Target Shape

Closely related to the size of the target is its shape or "form' apparent
to the observer. Targets typically encountered in the field are complex three-
dimensional objects which, due to changes in surface orientation relative to the

observer and the illuminating source (the sun, etc.), appear as a pattern of

2Boynton and Bush (1957) investigated the differential effect of target
size as opposed to observer to target distance on the probability of correct
identification. For targets subtending the same visual angle, the percent
correct recognition for the physically smaller targets was 32.1 percent, while

the physically larger targets used to imulate the same distance were correctly
identified only 27.0 percent of the time.
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brightnesses which must be discerned by the observer as the object of interesi.

Most studies investigating target shpee have been performed with rather simple
two-dimensional objects (circles, squares, rectangles, triangles, etc.) Smith
(1961) measured the mean time required to identify variously shaped targets
(triangles, squares, pentagons, and hexagons) from similar confusing forms
(circies of the same area and contrast) in a circular display. Figure 6 shows
the effect of target shape on the mean search time for four obeéervers. From
Figure 8 it is noted that as the number of sides the form has increases, so
does the mean search time. This suggests that as the shape of the target
approeches that of the other forms in the display, it is more difficuit to
identify or discriminate from these other forms. In the field situation, this
would correspond to a tanget whose shape or form is altered by the use of
camoflage to resemble elements of the terrain. The results of & study by
Lamar, Hecht, Shlser, and Hendley (19 }7) indicate that the ratio of the length
of & rectanguiar target to its width significantly affects the ability of an ob-
server to detect the object. As shown in Table 1, the conirast threshold3 of the
target increases with this ratio at two of the different levels of background
lumisiance studied. In Table 1, it appears for targets of the same area threshold
contrast s essentially constant wher the ratio of length to width of the target is

below seven. However, for targets of equal area having ratios of length to

width above seven, the threshold contrast appears to increase.

3Contmst threshold will be discussed later in this chapter.
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RELATIONSHIP BETWEEN THRESHOLD CONTRAST AND TARGET AREA
FOR RATIO, (/W) OF LENGTH TO WIDTH OF A RECTANGULAR
TARGET TAKEN FROM LAMAR, et nl., 1947

R
o

800.00

Backyground Lumi- | Target Area | L _ 9 L _ q L _ 20 L _ 10
nance (ft. lamlberts) { (min< W w w w

0.50 0.331 0.288 0.402 0.831

0.75 0.205 0.207 0.252 0.470

1.00 0.138 0.154 0.187 0.37°2

1.50 0.102 0.118 0.172 0.278

2950 3.00 0.0582 0.0662 0.108 0.166
10.00 0.0321 0.0330 0.0445 0.9506

50.00 0.0167 0.0167 0.0162 0.0226
100.00 0.01986 0.0132 0.0141 0.0189

300.00 0.0166 0.0132 0.0117 -

800.00 0.0200 0.0158 0.0109 -

.50 0.715 0.850 1.020 1.540

0 0.75 0.4590 0 576 0.750 1.240

1.00 0.373 0.434 0.553 ¢.911

1.50 0.282 5.339 0.465 0.702

3.00 0.141 0.197 0.228 0.382

17.5 10.00 0.0594  0.0716 |0.115  |0.161
50.00 0.0306 0.0312 0.0394 0.0572
100.00 0.0244 0.0237 0.0266 0.0408

300.00 0.0197 0.0165 0.0154 -

0.0195 0.0162 0.0141 -
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Based on these results, the authors suggest that luminance around the

Ut AR L g T, B e L s

o

edge of the target, not its area, dictates detectability. Ina derivative study

.
Yor: ¥
Tl e

o . p

L o S T
) ]

‘e

by Nachman (1953), verifying the results of Lamar, et al., it was found that

targets which varied in area but were equal in the amount of useful edge had equal

contrast thresholds, as hypothesized by Lamar and his colleagues.
In the experiment condurted by Fox (1956), discussed earlier, the shape

(circle, irregular figure, square, triangle, cross and star) of the object did

. e
G o o R

o2 et

not affect the detection threshold for small targets., However, for larger

Py s

size targets, shape did have a pronounced influence on the detection threshold.

i 3 st o

However, according to the results of Fox, shape did have significant effect

47y
RS Jesngia i

on the identification threshold. The irreguz: {igure and the cross had higher

Lamd

2 Lo i
St

recognition thresholds than the circle, star, square and triangle. Beased on his

results, Fox suggests that complex, more unfamiliar forms are n.ore difficult
to identify than the simple, more familiar forms.

Zusne and Michels (1962a, 1962b) in an atterapt to quantify targey

[N

shape, asked subjects to rate several target shapes, cn a point acale accerding

~

zi
g
07
3
b
S |
7
4
E:

to their regularity or iamiliarity. Bilaterally symmetrical shapes (squares,
reciangles, diamonds, and parallelograms) were judged more familiar than
asymmetrical shapes. It was also suggested that compactness as indicated by
the ratio of perimeter t: area and elongation (ratio of length to width) contributed
significantly to familiarity of a shape, and consequently the ease with which it is

identified by an observer,
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Kristofferson (1857) and Kincaid, ¢t al,, (1960) discues detection in
terms of un "element contribution' theory which predicts that for equal area, all E
non-circular targets should have higher contrast thresholds 50 percent level '
than circular ones. Data are presented which indicate that circles have the ) r
lowest contrast threshold followed by simple geometric formas (squares, trungles, %§ i
stars, etc.), and long thin roctangles. 5} '
Kristofferson and Blackwell (1957) measured the contrast threshold for :\}% A

circles, squares, rectangles, crosses, and 3everal other regular target ﬁf:
shapes in a uniform background. Circular targets were found to have the ‘:‘ |
lowest contrast threshold, while the contrast threshold of rectangles increases ks
as the ratio of length to width increasod. This resuit agrees fairly with the
results of Lamar, Hecht, Shlaer, and Hendley (1947) discussed earlier in this
chapter\. Based on their results, Kristofferson and Biackwell (1957) conclude
that geometrical forms (squares, crosses, stars, ete.), which were equal in
aroa to a 32 minute diameter circle, had approximatety the same contrast ‘5.
threshold as the circle. Thus, for targets of this size, target shape hag very ,

o
little offect on detectability, and can be neglected. Duntley (1964) generalizes
the relative importance of size to shape by stating that the ", ., shape cf an
object is of minor consequence compared with the effect of angular size'. The
effoect of having forms n the display which resemble the target both in size
and shape i8 discussed in the following s2ction.
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Objacts other than the target in the area in which an observer is search- 5‘
3 _ ing can compete for his attention bocause they closely resemble the target. In C}
: <
] ‘ # natural scene thesc similar forms are almost impoasidble to isolate and i
enumerate since it is not known how the eye processes information contained in ' é
‘, l' a visual stimulus. Any number of light and dark spots in the scene, while not ;% :%
k l really resembling the target, attract the observers attention and affect his ability \% %i
E' to successfully detect and ‘dentify ihe objoct of interest. In an attempt to quantify ‘*1 ) 3
} BC
the affect of conflicting search cues on search behavior, axperimenters (Smith, :t 3

he
‘l 1961; Boynton and Bush, 1857) have placed a target whose configuration is known . ‘
/ i . to the observer in a field of similar geometric forms, and required to subject to b
| ~' correctly discriminate the true target form from the confusing forms. : %
' E Boynton and Bush (1957) {nvestigated the ability of abssrvers to correctly . *%
) l | { identify a known geometric form presented in a display containing similar ;%
' . : struniforms (confusing forms) having curved edges. Tho contrast of the forms ‘ %
" { with the background, the number and size of the confusing forms, and the time X ;é
! . that the display was oxposed to tho subject were varied. Exposure times of 3, %
' 6, 12 and 24 seconds were used and the number of confusing forms was either @
‘ ' 8, 16, 32, 64, 128, 256, 512 or 1024, Target to background contrasts of -1,00, ?
-.85, - 67, -.44, and -.18 were used, To reduce false detections, a reward “?_a
,:‘;; ‘ was given .he subject for a corvect vesponse to @ targaet presentation. A rveward fg
sl ) (motivating) level was discovered which resulted in #pproximately § perveent of é
%
the detections being false, %
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b
Figure 7 shows the probability that the target was correctly identified from the il

confusing forms as a function of the exposure time and the totai number of forms

in the display, averaged over all target-to-background contrasts,

o o e Ftosgantng )t

Smith (1961) also suggests that search time depends on the number of

okjects in the display and the similarity between the object of interest and the

R BT s

false targets. Smith used a regular polygon (triangle, square, pentagon, and

e R

hexagon) as the target and circles of equal area and contrast as the confusing

e

forms. To minimize false detections, after each trial, the sheet upon which

T

i

&
o

responseswere scoredwas marked incorrect or correct. On this score sheet

r 2

e

3
s

[

was & circular display upor which the approximate location «f the target was

o O A AR P 1 VO T

1
marked. Pay was contingent on speed and accuracy of response. A report of :E%

performance was given after each display presentation. Errors or false 1:

;5 detections were penalized whenever they occurred-most severely during early %
i :

? sessions, leas severely during later oncs. ‘;i

?’ The time required for an observer to successfully locate the target wus »;Z‘

e i

E; measured as a function of the number of forms in the display. Figure 8 shows i;

4 the results obtained by Smith for square targets contained in & display of circular ‘E;‘Z

false targets. He suggests that the equation, E%

log t =mlogN+n (2.1) gé

where m is the slope, n is the intercept N is the number of confusing forms, "i

and t is the time required to correctly identify the target, explains observer :

performance. Inthe same experiment, Smith varied the difference between the l’
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size of target and false target and the contrast of the target and false target with
the background. Figure 9 shows the time required to locate a square target in
a display containing 256 false (circular) targets as a function of target-false
target percent size and contrast difference. Percent contrast difference is de- g
fined as the ratio of the target to pseudotarget contrast mulitiplied by 100. If

%

Cr is the contrast of the target with the background and Cpp i8 the contrast of 3;* ;

the pseudotarget with the background the percent contrast difference, C is: ;3%
C= g 100 - (2.2) 2

Percent size difference is defined as the ratio of the area of the target to the é“

%
area of the pseudotarget multiplied by 100. If A, is the area of the target and {
Apr is the area of the pseudotarget, the percent size difference, K, is ,

A 7
A= f- (100) . (2.3)
PT
From Figure 9, it can be seen that search time increases as the size and contrast '
of the false targets approaches the size and contrast of the true target. ’ |
These studies indicate that increasing the number of competing stimuli g |

in & display degrades the ability of an observer to successfully locate a %
target. While the forms used by Smith and Boynton and Bush were easily
countable due to the carefully controlled nature of the laboratory experiments,
there is no existing methodology for locating such forms in a natural scene.
Since, confusing forms in 4 natural scene will undoubtedly vary within each scene
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from the target in size, contrast, and shape, making them impossible to isolate,
some other intorpretation of competing stimuli must be made. A measure of
oompeting stimuli, which is still measured subjectively but is somewhat
easier to verify, is disoussed in Chapter 4.
BYe Moveiueris

The way the observer looks for a target affects his ability to successfully
Jocate the target. Many techniques have been devised for recording the move-
ment of the eye as it seasches a display. These methods are described in

" Alpern (1963).

When an observer is performing a search task, the eyes do not scan
smoothly over the area of search responsibility, but sporadically in a series
of jumps called '"saccadic' movements (Smith and Semmelroth), 1961), separated
by brief pauses called "fixations' (Ford, et al., 1959). For all practical pur-
poses, thesc fixational pauses are the only periods during which detection can
ocour (White, 1964), and consoquently are of most importence. Theee {ixational
pauses are often referred to a3 "glimpess' at the object of interest. Smith and
Semmalroth (1961) suggest that peripheral vision plays a major role in visual
search:

", ..the eyes usually move balligticglly frem ane quite clearly

defined object or element in the display to another such element,

.., the path of the movement and the stopping poimt arxe

" determined before movement begins. Tor this to cocur, the

object of each succeeding fixation must be pevrvetved peripherally
before it is percetved fovially. "
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The duration of the fixationsl pause and ballistic movement, measured
wnder several different conditions, is discussed below.

Ford, Whits and Lichtenstein (1959) suggest that when the observer is‘
looking for an object in a relatively homogeneous field, the average duration of
the fixation is about 0. 27 second, with none less than 0. 10 second. Due to the
time taken by the saccadic movements, several investigators (e.g., White,
1964; Ryll, 1962) suggest that 3 fixations can be expectad each second under
free search situations. However, as the scene becomes more complex (as
more forms compete for attention), the average duration of the fixation decreases.
Townsend, Enoch and Fry (1958) measured the fixation duration of an observer
searching a display with varying complexity. Complexity was reduced by passing
opaque filtors of several densities between the diaplay and the observer. Their
results suggest that a smaller area per unit of search time is covered for the

‘ complex scenes (those scenes unblurred). It is also suggested that the average
duration of the eye fixation increases as the overall contrast of the scene is
reduced and the average extent of individual eye movements decroasss as the
overall contrast is reduced as a result of blurring‘by the opaque filter. The
effect of scene complexity defined as the relative amount of biur present in the

scene,on fixation duration, as suggested by Townsend, Enoch, and Fry is given

4Blur is a measure of edge definition and distortion and is not necessarily
completely described by a contrast measurement. Targets of equal contrast
in displays with different degrees of blur are not equally detectable.
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in Figure 10. From Figure 10, it appears that the duration of the fixation is

fairly constant at 0. 25 for the unblurred and slightly blurred displays and in-
creases rapidly as the complexity of the scene decreases. These results

would suggest that fog, haze, and smoke would not only affect single-glimpse
detection probability (the probability of detection on a single fixation pause) in
the field by degrading target contrast, but will increase search time by increas-
ing the average duration of a fixation,

The effect of display size on the fixation duration has been investigated
by Emoch and Fry (1858). The results of this study given in Figure 11, indicate
that the fixation duration is fairly constant (0. 35 second) for display subtending
a visual angle greater than 10 degrees. However, as the sise of the display
decreases (Lelow 109, the duration of the fixation increases at an increasing
rate. The results discussed in this section indicate that a glimpse duration of
approximately 1/3 second is appropriate for essentially all search conditions
fn the field except extreme conditions of fog, haze, or smoke. In the following
section the probability of detecting a simple cir “lar target as a function of its
oontrast with its surroundings during one fixation {glimpse) is discussed.

Target-to-Background Contrast

The spparent cortrast, C, of a target is defined in psychophysical terms
as the ratio of the difference between the brightness of the targst, B,, ard its

sarramdings, B 4 to the brightness of the surroundings (Blackwell, 1946); i.e.,

C = . (3.4
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Percent Contrast

Scene Contrast (Display Blue) Taken from Townsend,

Enoch, and Fry (1958).
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i where B, and B_ are brightnosses as seen at the observer's position. Zeing
the result of a sensation, brightness is not measurable. Howevar, the lumin- %
: t ance of the background and foreground, the physical counterparts of brightness, §
are usad to calculate inherent brightness contrast. The inherent contrast of §
E i the target Co’ is defined as: ‘ E_g
'l .- C
E - C, = Lo ls , . (@.5) »
" -
g where L is the luminance at & point on the object and L_ is the luminance at ;’;ag
g E f 8 point on the surface surrounding the object, both measured at the target. }j’é .
E ' The apparent contrast C, uﬂutcontrutmunl!yuonbytheob,urver. 1t is :::;E E
ES usually less than Co because the particles in the atmosphere between the ob- 7% i
% ! ' server and target attenuate some of the contrast by scattering and absorbtion. a:
E ;E This degradation in contrast, which is a function of the atmospheric conditions § .
(fog, smoke, haze, etc.) and the target-to-observer range, is disoussed in ._; 47
. Chapter 3. ": :
l In the detection literature, the contrast ihat is usually mentioned is that ‘ §
spparent contrast which results in a 50 percent probability of detection. This ?4
is known as the threshold contrast, Cy. Blackwell {1946) conducted an extensive g

study to determine the effect of target size and background brightness on the

contrast threshold of targets exposed to the observer for 1/3 seccrd. Taylor,
(1960a, 1960b) extended Blackwell’s work to lurger targets. Thefr data, shown
in Figure 12 apply only to circular targets viewed sgainsat a baokground of

uniform luminance.
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CONTRAST THRESHOLD FOR DAFFERENT SIZE TARGETS A8 A FUNCTION
OF THE ANGULAR LisTANCE OF THE TARGET FROM THE

FIXATION DIRECTION ACCORDING TO TAYLOR (1961)
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whers o is the standard deviation of the normal ogive. Dividirg the numerator s

:

’ and denominator of the argument of £ in equation 2,7 by the contrast threshold, i

i the single-glimpse detection probability, g, becomes: :

i /g ‘

v Ct ;2 3

g = ¢ (2.8) )

% ¢ 3
) t ‘3;
: a

Bleckwell {1963) suggests that the ratio o/Ct in equation 2.8, remains

constant regardless of the time the target is exposed, ‘the size of the target,

7
RSN

and the background luminance. Data presented in Blackwell (1963) are dis-
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oussed below to fllustrate the effact of target-scens variables (stimulus

conditions) on the ratio o/C,.
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Effact of Target-Scene Variables on the Ratio o/ Cy
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The efisct of target size, target shape, and background luminance (adaption

brightness) on the ratio o/C, has boen studied by several experimenters (Black-

)1'

well, 19683). Results {rom sxporiments discussed in Blackwell (1963) illustrating
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the effect of target-scene variables on o/Ct are discussed in the following three
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sections.
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(1958) indicate that the ratio o/C, incresses as the background luminaxce
decreases. For a oonstant exposure time of 0, 01 secow.: and targst diameters

of one to 45 minutes of arc, the ratio o/c‘nrhduummrimla.
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Taylor (1961) suggests that the contrast threshold changes with the retinal

position of the objoect in the field of view. The results of this study, given in

Table 2, indicate that the threshold contrast increases as the location of the

target from the point of fixation increases. This implies that the probability of

detecting a target in the periphery is less than the probability of detecting the
same target when the fixation is located diractly on the target.

Blackwell (1946) and Duntley (1964) demonstrate that for these simple
(circular) targets of uniform luminance viewed against backgrounds of uniform
iuminance, targets of equal contrast brighter and darker than their background
are equal in detectability. It is customary to refer to targe?s brighter than

their background as having positive contrast, and targeis darker than their

background as having a negative contrast. Most often the sign of the apparent
contrast is ignored (Duntley, 1964), so that equation 2. 4 becomes

B, - B, ' '

B,

B, - B,
' is the absolute values of the quantity — - . :

Rt
U RS, ks N

vbcrol.__g‘.i_;ji__

R
B \‘ )
] [] - 5%
cE
Blackwell (1963) suggests that the detection probability of a ciroular ' i
object with apparent contrast, C, is givea by j
C-C, \

[ 3.7
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From Figure 13, it appears that the ratio o/Ct is a constant 0, 44 at low back-

[ N L

ground luminance and decreases as background luminances increases (above

TR,

1 foot candle).

Target Sixe

Blackwell (1963) also demonstrates the effect of target sise on the ratio,

EEDTACRECE YN P P20 ey A ST A

Data taken from experiments by Blackwell and Austin (1952) and Kristofferson

and Blackwell (1958) is given in Table 3. From Table 3, it can be seen that b

PRGN JESRITTE

the ratic o/ C, for targets of varying size viewed for 0. 001 second at zero 5

A0 4 WS-

background intensity varies without pattern between 0. 308 and 0. 405, These 3

data, taken from Blackwell and Austin (1968), indicate that target sise has a

RESLL AT Jo 2Pt 2K
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random effect on the ratio at this background luminance and exposure time.
The data given in the second column of Table 3 also illustrate this random

offect. These data, taken from Kristofferson and Blackwell (1968), are for a

e F L

background luminance of 10 foot-lambexts and exposure duration of 0. 01 second.
Jarget Shape
Data given in Blackwell (1963) indicate that the ratio o/Ct remains

essentially constant for different target shapes. Ratios of c/Ct are given for

TS SRR P MK TR YT ey

P2

circles, rectangles, and complex forms. These data, reproduced in Table 4,

et St PO

are taken from studies by Kristofferson and Blackwell (1968) and Blackwell and

N Y

Smith (1969). Target sizes, exposure times, and background luminance were

different for the two studies. From Table 4, it can be seen that target shape

¥ AT S

ftexRss ¥

(for those shapes studied) has little effect on the ratio. The data also indicate,

as did the data of Figure 13, that the ratic O/Ct imcreases as background
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0.308

0.330

0.340

2.308

e

0.01 second
10 foot-lamberts
K

o.
MEAN = 0,322

CJ/Ct

From Kristofferson
and Blackwell (1958)
O/Ct
0.288
0.338
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TABLE 3
0.001 second
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MEAN = 0,354
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O/Ct
0.387
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EFFECT OF TARGET SIZE ON THE RATIO
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TABLE 4

EFFECT OF TARGET SHAPE ON THE RATIO 0/C¢
AS GIVEN IN BLACKWELL (1963)
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and Bmith (1959)
a/C‘

83

547

A%

MEAN = 0,519

From Kristofferson and ¥rom Kristofferson
o/c‘

Blackwell (1968)

.322

. 303

MEAN = 0.305
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Fig. 13.--Effect of Background Luminance on the Ratio 0/c
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luminance decreases for constant exposure time for targets having shapes
other than circular,

The effect of randomized ‘arget sizes, exposure times, and background

luminance on the ratio cw/Ct was investigated by Blackwell and McCready (1958).

Data given by Blackwell and McCroady, reproduced in Table &, indicate that

8 typical value of o/Ct of 0. 390 can be used for most stimulus conditions of

25T .
TV L A

7%

inderest. These data are based on 80, 000 cbservations obtained from four ob-

servers.
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Examination of the data presented in Blackwell (1963) suggests that the
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ratio c/Ct varies very little gverallthe ‘stimulus conditions imvestigated. ::?
Blackwell calculated the ratio of o;t:t for 36 observers, representing over one
million data points. The values of o/t:t for these 36 observers are given in \

Table 6, taken from Blackwell (1963). These obssrvations taken from mumesi-

ous authors represent the measurements of ¢/ C, for alost any conceivable

combination of stimulus conditions. From Table 6, it appears that 0/Ct varies

randomly between 0. 314 and 0.584 . A x2 - goodness of fit test performed on

the data given in Table 8 showed that the hypothesis that the data comes from
a uniform distribution of the form:

f( gt ),

a=, 314, and
b=.584

could not be rejocted at the . 05 level.
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VALUES OF O/Ct DETERMINED BY BLACKWELL AND MCCREADY (1958) FOR
SEVERAL TARGET SIZES, BACKGROUND LUMINANCES, AND EXPOSURE
TIMES. WITHIN EACH CATEGORY, THE OTHER TWO VARIABLES ARE

CONFOUNDED WITHIN THE VARIABLE OF INTEREST

Diamter of
Target (min)

(o
0/ Ct

Bacikground Lami-
nance(foot-lamberts)

0o/Cy

Exposure
Tims(sec)

a/ Ct

U

51.4
12.8
3.11

0.802

0.384
0.397
0.418

0.367

160
10
1

0.1

0.387

1
. 0.382

0.398

0.430
0.420
0.419

1.0

‘ 001

0.01

0.001

0.467
0.370
0.358

0.333

GRAND MEAN=0. 390

e B il s R R

Trewt R

)
B e e

R e o

R R

e

S e a0 e
P COI NI LAV

T «‘x'},‘;ﬁf

e
k.

<niy
L%

A
Pty
i
T
2
4 ‘xd,
el
it

», 'A.
k4
"v«
piAa
e

“

¥ -~
Ped g
.

s

R 3

1

e
s
SR
Lo

AXe
L]
?}if\}}

T M
Ly

(e [ %0}
(AR R
2R

3

%

Syginong g
vyl
AR

FOST.Y "“«, < ;9»
MR

R

PRSI Lr S

~,
o
A,

[
~ ok Ao
T N RN S Sy

.
K

5

o

‘?‘lw‘: i



A R R e R T RS Aty sy

e SRR YR S

TABLE 6

"

VALUES OF O/C‘t FOR 26 OBSERVERS AS GIVEN BY BLACKWELL (1963)
SUMMARIZED DVER SEVERAL ENVIRONMENTAL CONDITION

Ohserver Number

o/Cy

Observer Number

Q

S

@]
-

@© @~ Wbl

0.420
0.479
0.418
0.446
0.467
0.491
0.487
0.463
0.546
0.370
0.434
0.411
0.430
0.494
0.368
0.3%8
0.360
0.352
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Maximum-likelihcod estimates of the mean and variance of the distribution

TR
ISR P

K TRL S LT A v T

4

of ¢3/Ct were calculated. It was found that the mean of the sample shown in

Table 6 is (. 434 and the variance {8 0.0061. Using a value, (9/Cy*, of o/C,

sampled from the uniform distribution given in equation 6, the probability, g,
of detecting the target on a single glimpee becomes:
c/c, -1

(o/cy”

g=@ (2. 10)

Equation 2. 10 now represents the single-glimpse detectien probability for any
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observer, based on a sample of 38 obsexrvers, supposedly chosen at random
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from the universs of obzorvers and stimulus conditions. For the average
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observer, under randomized stimulus conditions, equation 2. 10 reduces to:
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In equation 2. 11, the contrast threshold, Ct’ was taken under the most
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ideal laboratory conditions, that is, i.e., all stimulus conditions were carefully
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controlled. Subjects in the laboratory were told precisely where and when the

stimulus was to appear, and were well practiced in the detection task (each

observer had detected several thousand such targets). Several mvenﬁm‘abors

L&
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(Taylor, 1964; Blackwell, 1958; Blackwell, 1967) have suggested that Ct be

multiplied by a constant, K, 80 that it applies to field conditions. This multi-

A e

plicative constant, often referred to us the field factor, is given by Taylor

(1964) ar.
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(2.13)
where the k (1=1,...

n) are the multiplicative constants causing the respec-
tive difference § (1 =1

. »7) between lahoratory and fleld conditions. Black-
well (1958) suggests the use of three such k1 as follows:

k

= 1,09, to correct for lack of knowledge of target
1 size and duration of appearance,

kg = 1.31, to correct for observer uncertainty about where
the target is to appear, and

ks = 2,40, correcticn made when necessary to adjust 5
forced-choice data to yes-no detection data.

Taylor (1864) auggests an additional factor, k, = 1, 90, which corrects the

oontrast threshold for the difference bet\;reen trained and naive observers.

When
all four of these conditions apply,equation 2. 12 becomes:
K= II4 ki ' (2. 13)
=1

which reduces to
K=8.5,
With & total field factor K = 6,5, equation 2, 10 corrected for four differences
between laboratory and field conditions becomes ¢

]
c/s. 5Cy - 1
g=?

2.14
. 434 ‘ )

5A comparison of these types of data collection i gtuu in Lnrson(m

Ol this expreesion, it is asmumed that the u&.‘#()‘ whare ct is tho
vontrast threshold under fisld consitions, and O is the m deviation of the

mormal 0 give in the fleld, remains oonstant a3 8, 434,

o A

R
R e sl e

e it K




e B T R O T SR P R B R o B e SO R

Tl e SRR T TR e e e e eI T NG -

46
No additional field factors, ki (i - 8,...,n), have been discovered after

an extvnsive review of the current literature. However, it is conoeivabie that

L U

some or all of the followirg factors might costribute to a degradation in field
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performance whick would be reflected through the inolusion of addigional field
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fastors in equation 2. 14;
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1. Presence of sin:ilar forms in the backgroumd(c mfusing forms),
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3. Glher ssascry cluas oresent in the natwiral enviromment,
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3. Geometric forra of the target (compiex as epposed to simple Sy
circular targets), %

TR

4, Light scattering causing the image to blur, and
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8. BSpectral and spacial distribution of light on the target's surface
(highlights and shadows).
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Bla kwell and Bixel (1963) investigated the effect of a complex non-

s
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uniform background on the contrast threshold of a ciroular target. Three

aon-uniform backgeunds were used with ‘argets of variecs sige, luminence

WG iy

and looation in the background. Two «f the backgrounds wers formed from ball o
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boarnings while the third was a torrain photograph. In general, it was found

iy A,
4

that:
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",, .when the background luminance varied within the ares cocupied 4
by the target, it was the target contrast with the luminance at its 3
border which determinsd targst visidiiiy, ;
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This impiies that the detectability of an objéct located smywhere in a

A

ocomplex dispiay having non-uniform lnminance is guverned at leant in part by

its contrast with its immediate surroundings, net idgrsvarage contrast with
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points over the entire display.
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The use of contrast threshold, discussed in this section, to predict

object detectability is discussed in Chapter 3. In Chapter 3 the object is re-
presented as a simple variously oriented three-dimensional object (sphere) so

that the image formed by contrasting the object with its surroundings can be
described without great difficulty.

Target Form

As evidenced in the preceding discussions, the vast majority of basic
detection and recognition data bu been obtained using simple (most often
oircular) targets of uniform luminance. This type of target is adequately
described by specifying the contrast of the target with its background and its
angular size (Blackwell, 1946). However, under most field corditions, the
targst is not simple in shape nor does it have uniform luminance. M such
;uoa. shadows and highlights within an object are strong clues for detection
and recognition, Therefore, with the large number of ways in which the rays
from the illuminating source strike the variously oriented surfaces of the tarset,
there are a correspondingly infinits number of sizes, shapes, and patterns an

¢bject can present to an observer.

Kaure (1965) expanded on the difficulty of describing this image when
he stated that,

"Complex photographic, high-resolution radar, infrared, or
electro-optical images have been the stimuli i many psycho~
logical studies of target recognition and photo-interpretation.
The comparison or generalization of the results of these studies
has hosn almost impossible because no adequate, objective
definition or description of these stimuli hus been possible. An
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objective and quantitative measure of the structurs of an imayge
would make this comparison and generalization prasible and would
allow the determination of the relative importance of image
complexity in target identification,

3
[
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For the purpose of this study, no attempt will be made to accurately describe

.o
L]

the form of the target which acts as a stimulus for detectiom, but several of

the important characteristics of a patterned target-backgrcund complex are
disoussed below.

| The ability of an observer to discriminate this patterned target from
elements of the terrain in a natural scene has been the subject of conriderable K

research in recent years (Wulfeck and Taylor, 1961). The pattern of luminances

@ ‘i"‘ B . .

which the target presents to the observer must be recognized as the object of

interest or detection and subsequent recognition by the observer will not occur,

- 9%

The difficulty with predicting the ability of an observer to successfully discrimi-

nate the target is to isolate the stimulli which initiate the detection and identifi-

T

ocation response. Morris (1959) studied the effectof this ‘'target pattern" on

detection and Zmtification, Morris states that a target is patterned:

", .. If it has distinguishable aresas of various size and reflectance,
such that, as a whole, the target cannot be brought to zero con-

trast within a uniform background through adfustment of target
fllumination. "

TR o o S S A RXES
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This deiinition fits targets commonly encountered in a natural derrain sceme, in

that the patlern of luminances created on the surface of the target and its surropnd-

ings presents an infinite number of contrasts to t{nyobnrver. Morris also states
that "the discernable elements in the patterned target w be comsidered as

scveral independent targets simultaneously viewed, each with its own detoction
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gange. ' This fact 1s used in Chaptor 3 to estimate the single-glimpse prob-

ability of the ta.get, where areas of different luminance formed on a simplified

representation of the target aro treated as independent objects when contrasted

with elements of the torrain and the target itself.

The relationship between complexity, rocogmnitien, and the number of
forms competing for the subject's attention was investigated by Deese (1956),
Simple several-sided two-dimensional targets were constructed using:
1. Right angles (regular forms), and
2. Obtuse and acute angles (irregular forms).
The measure of complexity was the number of angles present in the form (target)
That is, a simple form had fewer angles present. The background against which
the targets wore silouvetted were of uniform luminance., The study was conducted

with three levels of background luminanee. A pay scheme was used to motivate

the subject to avoid false detections. The subject vas severely penalised sach

time an incorrect response was made, This minimigsed the number of falso

detectiona which had to ba eliminated from the dats amalysis. The results of the

experiment showed that:

1. For the regular forms, there were more recognition errors

with the simple forms than with the complex ones, but the

time required to recognize the target was slightly loviger for
the complex figures.

For the irregular forms, there was mo difference in frequency
of error between the simple and complex targets, but the time

required to recognize the target was longer for the complex ,
figures.
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These results indicate that as the number of abrupt changes in the outside sur- ?g
faces of & target form increases, the time required to correctly identify the ?
form increases, regardless of the nature of these changes. Under field condi- §
tions, this suggests that a target having subtle changes in contour (such us ;:
camoflage or shading) would be more difficult to identify than a simple uniform- ;’;
luminance target. ;‘f
Image Characteristics : %
The quality and content of the image seen by the observer greatly effect ; :
his ability to successfully detect or identify objects of interest on an artifical ;1
laboratory display or in a natural environment. Rhodes (1964) attempted to ; §
relate selected psychologically meaningful variables taken from aerial recon- *
! naissance photographs to the difficulty observers had identifying targets in the :
photographs. In this study, 200 photographs were first rated by 35 photo-
N interpreters on an arbitrary scale between one and ten according to their
‘ ‘diffioulty’”. These 200 photographs were then divided into two groups of 100
each having equal difficulty as measured by the arbitrary scale of the raters
who screened them. Typical target types contained in the photos were:
1. Bridge,
.
2. Storage tank(s),
3. Plane(s),
4. Dan,
5. Roundhouse,
,‘ Ao
~ . SR ‘ E}E@ 18
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6. Ship(s),
7. Building(s), and

8. Others

The experiment was divided into two phases. In phase one, 20 subjects

were required to detect and identify targets of various shapes and sizes from

each of 100 photographs after they had examined & 7/16" reproduction of it. In

v M PR
FRAPHAT ¥ 0N

PR

the other phase, 20 other subjects were asked to rate the same 100 images on a

scale from one to seven according to how strongly they felt the image had the
8
following subjective charncteristics: »

PP
A 3

8. Frequency of cccurrence in the picture of objects that could be
confused with the target.

- fa i)
PR o4

b. Distinctiveness of the target shape, that is, how much the target
stands out because of its shape.

c. Amount and variety of picture detail.

d. Distinctiveness of the target contrasts, i.e., how much the
target stands out because of its lightness or darkness,

e. Bize of target relative to size of other objects in the picture.

f. Freedom of target location, that is, the extent to which the ¢
nature of the target allows it to be looated anywhere in picture

(e. g. , building has more freedom than bridge).
g Homogeneity of picture content (excluding target).

h. Overall picture contrast, that is, the range of black-white
gradation,

»zsm&«i:m;’fﬁf&?mh&mf

TThe 7/16" size was used since it was approximately the average size of
all objects viewed by the subject. This size reproduction was skown to all sub-

jects. 1t was felt that a reproduction of exactly the same size would aid the sub-
" jects too much.
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1solation of the target from background.

Distinctiveness of the target pattern, that is, how much the target
stands out because of arrangement, detail and texture of its elements

k. Sharpness or clarity of picture detail.

1. Distinctiveness of target size, that is, how much the target stands
out because of its size,

In addition to these twelve subjective measures of the difficulty of the

image the physical size in centimeters (m) and distance of the target from the

display center (in centimeters) (n) were measured.

Following the collection of phase-one and two data for the first set of 100

photographs, the roles of the two sets of subjects were reversed, that is, the

20 subjects who subjectively rated the first group of 100 photos, participated in N

the detection phase for the second group of 100 pbotographs and those 20 subjects

who detected from the first group rated for the second group. Subjects con-

orer et bt
e e e

—

sisted of 20 trained photo-interpreters and untrained 20 college students. 8

NS i

Rhodes then attempted to relate the 14 measures (a, ...,n) of the images

oontent and quality mentioned previously to:
1. The time required to detect and identify the target (T), and

2, The difficulty scale of the photograph obtained while the photos
were being screened (D). '

8'I‘en each of the photo-interpreters and college students were assigned
to each group.
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, l ] Linear multiple regressions (Hogg and Craig, 1960) of the form 4
I T=q +a @ + o ®+... +a @, (2.15)
: and ~
y / D=qd +a @+a (B)+...+a (@), (2.16) \:
') o & b n i
‘ ' ' " *g
; where ®ys ees Gy and ao. veer @ are constants determined from the values of " b
: SV
3 ik b
i the variables T, D, a, b,c, d, e, f, g, b, i, j, k, 1, m, and n , were performed , %} “
: ,\,-;‘; . a
! i on the data for the different sets of subjects. The regressions shown in equations :;a:! 5
b
~ 2,15 and 2. 16 given by Rhodes did not necessarily include the effects of all of the ‘;;:?;Ef E
. T <
’ s B
l . 14 variables a, ..., n; since some of the constants g, ..., a, were forced to uf*# ﬁ
be gero to see whether they were significant in predicting either T or D. Multi- ~ E« ;
ple correlation coefficients for 16 such relationshipa given by Rhodes ranged . Kj
K s B

from 0.73 to 0.90, meaning that up to 81 percent of the variability in the data e

was explained by these 14 variables, -

T e pae TS A s eI O BN AT A LRI AN

The results of this experiment indicate that any or all of the measures

incorporated by Rhodes affect the detection time of targets in 8 photographic

display. It is quite clear that the targets contained in these photographs are not

physically similar to those contained in the films of Brown (See Appendix A),

’ not only because of differences in viewing angle_ and target type, but because of S
target motion in the films of Brown. However, it is felt that the characteristics ;
presented here as quantified by Rhodes represent a good summary of the factors E

i in any natural target scene which dictate detectability of any object.
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data are incorporated in a model in Chapter 4 to predict the probability that a
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% Target Motion
v & Movement of the target across the field of view was shown by Brown §
i §
- Y (1966) to be a significant variable affecting detection time, Due to the great :
changes in the scene carried by motion of the target, it is an obvious clue. 1t :
A ‘ would be hypothesired that these same diffexrences are caused by changes in the j
‘ terrain against which the target is silouetted, changing the apparent contrast F
i 3
; I discuased earlier in this chap‘ter. This hypothesis is discussed in Chapter 4, . i
«\‘ g
l ‘ Because this contrast changes continually for a moving target in a natural scene, ‘: %
hj: 2‘;:‘?3 £
] target motion is readily discernable to the observer. The effect of the target ’\\a ‘ t
&
l s crossing velocity on detectability is considered as a variable affecting detection ok
"
3 l performance in Chapter 4, e
: RS
E: m Cosglusions , ‘v‘frf' :
' | In this chapter, basic laboratory and field experiments conducted over
l , the past four decades have been discussed. Data from tlhiese experiments, when
gg 4
' : examined as a whole, give clues to the detection of objects in a complex environ-
iy ment, although each individual piece may apply to only one specialized segment N
- 7t
o
;gj;_; ' { of the entire problem. Using the experience and intuition of the author, these 3

%

T e

complex target is detected in a natural environment. However, it must be

remembered that even with the complex development which is to follow, the

T

phenomenon of field detection has been simplified to the point that it may no
longer be valid. Since other attempts to do the same have resulted in conflicting

results, this must be regarded as simple another attempt. This philosophical
problem will be discussed in detail in Chapter § of this thests,

&
¥
.
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d CHAPTER 3
§ TARGET CONTRAST
i Introduction
E A combat vehicle in a natural terrain setting will present a complex
* luminance pattern to an observer, Contrast varies continuously along the edge §
g and across the face (internal surface) of such targets, That is, military targets “
é are not usually characterized by a single value of contrast as are the simple 1

forms used in laboratory experiments to generate relationships, such as those ;i
§ in Figure 12 of Chapter 2, for predicting the single-glimpse detection probability. :5

Data on the single-glimpse detection probability for complex contrast patterns

* s

are not available, Certain assumptions can be made, however, so that the
relationships of Chapter 2 can be applied to estimate the single-glimpse detect-
fon probability for military vehicles in natural terrain settings, These assump-
tions are based on the best evidence available to the author on ithe detection of
objects under natural (field) conditions as opposed to artifical (laboratory)
conditions. Since no significant work on the detection of natural objects in
complex surroundings is in evidence, the authors intuition has played a major
role in the development of this chapter, The simplifications and assumptions
which have been imposed were necessary to prevent the problem from growing

without bound. Since the mechanisms by which visual information is integrated
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into perception are not completely underastood , the major results from
Chapter 2 serve as a framework for a model of glimpse probebility to be
developed in this chapter, Following the development of the glimpse model,
Chapter 4 will be devoted to a discussion of a model of detection probability
based on this glimpse model. In addition, & means of testing the validity of the
model based on detection-time data will be discussed.

In this chapter, the targot is represented as a simplified three-
dimensional form. The aizres of the highlighted and shaded areas of this target
representation are related to the position of the illuminating source and the
observer. Then, a method is presented for predicting the contrasts that the
highlighted and shaded areas have with each other and with the background and
foreground, respectively. This method i{s based on reflectance data collected
for common background features (trees, grass, etc.) and for materials similar
to tank armor, Each highlighted and shaded area is regarded as a separate
visual stimulus, Methods for determining contrast thresholds and glimpse
probabilities for each area are proposed. Next, a theoretical relationship is

presented relating the different glimpee probsabilities to one representative

glimpse probability for the target,
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Determination of Apparent Contrast

The inherent contrast, C,, of a point source, P, is deflined as

L_-L
C = _._P..__.E.

o L‘B ' . (3.1) _ :
where LP is the luminznce of the point and Ly is the luminance of the area zz
surrounding that point, i.e., it8 background. Both luminancee are measured E

%&m
at zero distance from the point. If the point and {ts background are on the same g}»{

60
surface, Co' as given by 3.1, would be referred to as inherent internal contrast. (j

Y
That is, the inherent internal contrast, Co, between any two points within the <

pey s o o
RGLS

target with luminance L1 and 1“2’ respectively, is defined as:

Com | o0 L, = L 3.2)

~
”
.
por YNy 108 o T LR b £y
L AT L TSN T W TR Y SRR s S ISR

oh3

[
H
o
R

The inherent contrast of a point within a homogensously iifuminated flat-
surface target would usually be zero since its background would be part of the

same target. Thus, it is common to spesk of inherent edge contrast, CEO, as
(Duntley, 1964) '

emena, o o T
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S WAL e E Y

R (3.3)

P g o Y -

where LE is the luminance of a point on the edge of the target and LB is the g
%

luminance of the background dircctly behind this point (along the observer's 29

line of sight) both measured at the target. When the target and its background
both have uniform luminances, edge contrast is identical to the contrast of an

internal point with the background. Thus, the distinction between edge contrast

-

T T R T s @ 7 D7 s T s e,

FRCOPAS Y o N AR e

and internal contrast is usually not made for such situations. g ’g
. N i.;‘ 3
The apparent contrast, C, of an object is relaied to its inherent con- e "
. R
trast, Co’ by (Middieton, 1968),
C = Cye ' (3.4 i
_ 3.912 E{
where R is the targct-to-observer range in mcters, 0 = - is the 4
R L
Bt
atteruation cocfficient of the intervening media, and R* is the meteorological 53
:3§ i
range in meters. Meteorological Range (Also called the standard visibility ‘2’-?
B h
or standard visual range) is defined by Dudel (1967) as “; g
A
2
"...an empirically consistant measure of the visual range of a R
target; a concept developed to eliminate from consideration the N
threshold contrast and adaption luminance, both of which vary o B
from observer to observer. The meteorological range is the :
distance V in the block target form of the visual range formula, ‘
1 1
v - ; ln E . 5
/30 s

. b TNt
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Bines O thuwsheld contrast, 8§ , in set oqual t0 6,02, V is
oaly & functien of o, the extinction coefficiemt of the atmoephere
at the tinee and pisce in question.®

Records of the variation in metsorological range, R,‘, by bour of the day and
month of the year for a given arez can usually be abtained from looal weather

stations. A sample of such records for a German weather station is given in
Appendix A,

Irregularities in the surface of military vehicles cause the target
to have & multitude of inhevent contrasts for any particular level of illumination.

In the following section, the target is represented ze & simple three dimensional

——

Simplified Vehicle Representation

Both combat vehicles and their 'backgmnds sre far from being of undform
luminance. The pattern of luminances presented to an observer is complex and,
for practical purposes, upredictable, Duntley, (1964), states that:

""The shape of an object is ordinarily of minor consequence
compoaed with the effect of its angular size,"

Based on this fact, in this section the shape of the target is simplified by reducing
the taryet ares to & sphere so that the amalytic geometry involved in calculating
highlighted and shaded areas is uncomplicated. It this approximation to the

target shape were not made, the analysis necessary to calculate apparent eizes |
of the target areas would b« extremely &iff cult, Precedent for this simplifica-
tion is discussed by Ryll (1962), In addition to the geometry prcblem, as is

discussed in Chapter 2, the majority of detection data availsble is for circular

form so that variations in inherent contrast across its surface can be predicted. .
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The variations in contrast acroass this sphere's surface can readily be described
in terms of its orientation with respect to the observer, the illuminating source,
and features of the background; and the reflectance propertiss of the target's a
surface and of the background. The charaoteristics of the sphere most closely

approximating the obecrver's image of a tank in the Meld are developed below,

The top view of a rectangular tank-type target of length U haeight V,

TP
A I

e,

and width W, is shown in Figurei4moving at an angle Y with the observer's

line of sight, Such a target, when on levol ground, will appear as & rectangle

57 MY RESATE sk By

bhaving & height V and longth Ul given by

Ug =UsinyY + Wcose ¥ (3.5)

R R C T N

W AN

B

when viowed from ground level. The sphere approximating the rectangular
target will appear as & circle to the observer.
Theangular size, £ in minutes of arc, subtended by the diameter of

a circle having an area A ocquivalent to the area of this rectangle is

{
q . 8675.6 <£\_) ' _ (3.6)
R ”

where R is the distance to the target, A = VU and U, is given by equation 3.5
Since the probability of dotecting a rectangular target of area A is easentially

equal to the probability of delocting a ciroular target of the sams area, (Sae

.
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Chapter 2) , the visual angle 0, given byOq\Mons.Coanb.u..d‘{n Figure 12
of Chapter 2 to determinc the threshold contrast of the rectangular target, Thus,

the rectangular tank-type target is conceptualized as a ‘oircle whose diameter

- P T R T N S I T
AP PR e e SR T LA LR R

N
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TG

subtends an angle 1 at tha obscrver's eye whon viewed from a distance R

v,

]

as given by cquation 36. The predominant contrasts of this spherical target

representation with its background and foreground are discussed below,

E A AN

R TN

Under natural lighting the lower surface of a tank-type target and also

U

the spherical target would almost always be shaded and some part of the top

S e T .
AN T e I

PR
R AN
MY »::‘:’."A‘Jv‘-’—
Iy
Y

Py

A . PSR

surface would be highlighted. Let these surface areas be referred to as:

AH = the highlightcd part of the sphere's surfuce cxposed to the
observer, and

s = the shaded part of tho sp.here's surface exposed to the ‘
observer. '

13 SHER Lk Bt e AL e S Sk Y YR

T o
RN

Five distinct contrast values can be obtained: the contrast of each area with
the target's background and foreground and the interna! contrast existing tetween
the areas, According to arguments presented below, only three of these con-

trasts:

T AT T A e IR AT T

UL CF5 AN 5

7As was mentioned earlier, detection data is best tabulated for circular
targets of uniform luminance silhouetted against & uniform luminance background,
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CHB = the apparent contrast of the highlighted part of the object with
the background,

C SF the apparent contrast of the shadowed part of the object with \
the foreground, and

CI = the apparent internal contrast,

are considered as being important to the deteotabllity of the target.

Thereare two reasons for not considering either the contrast of the high- Y
lightod area, A“_, with the foreground or the c9ntmt of the shaded area,
Ag . Wwith the background. First, the foreground will not appear adjscent to A N -~
wnleas tho target is completely backlighted or in the shadows cast by terrain :

8 .
featuros which block the sun's rays. Similarly, background features will

rarely appoar adjacont to AS unless the targot is completely frontlighted.

S8econd,when an arca is silhouetted against a background of nonuniform
Juminance, that part of its area which has the highest contrast would

be most important ir. determining its detectability, The question considerecd
next is how these throe contrasts can be combined to give one value of contrast

which can be used to obtain & single glimpse detection probability for the target.

8A procedure to determine whether or not the target is in the shadows
cast ¢ y features in the background is presented lator in this chapter,
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$ ' Acoording to our assumptions, the spherical target will appear similar

k3

to the circular targets shown in Figure 15, From inspection of Figure 15, it

can be scen that as the relative size of a high-contrast area decreases its

3 .

o '

: E ;

Fig. 15.--Example Illustrating the¢ Importance i

of High Contrasts

significance to the observer decreases and the significance of the edge contrast
increases. This effect would probably be even more pronounced with more
complex shapes and nonuniform backgrounds where thers may be many such
small high-contrasted areas across the face of the target and within the back-

ground itself, Thus, to obtain & single contrast measure representative of the

target, it would seem logical to combine values of the edge and internal con~

trasts, redundant and the relative sixes of its contrasted area, However, it is

]

not clear how these different weights should be d-urmimd. For example,

for taxgets shown in Figure 15, values of the two edge oontrutl are much lower
| %3 S R B N

than the internal contrast measrued s any point along the imtersection of the

black and white areas ox the target. If cach of tbu values were weighted evenly,

0,;

w’ ‘a&
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one would obtain a contrast somewhere between the high internal contrast and
the lower of the t'wo edge contrasts, Although it i8 clear that the internal con-
trast is most important in this case and should receive a greater weight, there
is no known methodology for determining this relative weight, In the following
section, the contrasts CHB' SSF’ and CI’ between the different pairs of con-
trasted areas of the target and surroundings are treated as independent stimuli

and the thecretical glimpse probability for the whole target.

Estimation of Glimgee Probability for Simplified Target

In the previous section the target was concepturlized as a spherical
solid presenting three contrasted areas, CHB' CSF' and CI' to the observar.
Little is known about how patterns consisting of different contrasted areas
siimulate the visual system. About ail that can be said is that each contrasted
area should contribute to the overall detection stimulus in proportion to the in-
tensity of its contrast and the size of the contrasted area relative to the size of
the whole pattern, The relative importance of size (angular subtense) and in-
tensily of contrast in determining detection probabilities for & single homo-
goneous target is reflected in the formula . for glimpse probability, g, given
in Chaptor 2, equation 2.14,Thus, instoad of using the ;nas'nitude of each con-
trast, CHB’ CSF’ and CI’ and the mpoctiw;e\ sizes of these contrasted areas to
determine some average (effective)oontrast to be used, it is more reasonable to

treat these areas as three distinot targets with glimpes probabilities, gy g,
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gSF. and & Treating these targets as if they were independent, i.e., assum-

ing that the probability of detecting any one of them in a single glimpse is

independent of the probebility of detecting any of the remaining two, then

£ 1-(-gyp) (=g - 8), (3.7)

where g is the probability of detecting at least one of the objects in a single

glimpse,

to support this contention, Morriz (1958), states:

"the discernible elements of the patterned target may be considered
as several independent targets simultaneously viewed, each with

its own detection range"

From equation 2,14, in Chapter 2, the probabilities ‘HB’ Bsp’ and (0

are given by:
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9
where it is understood that CHB' CSF’ and CI’ are apparent contrasts. The

threshold contrast, Ct @), of a circular target whose diameter subtends an
) y
angle, 22, at the observer's eye is shown sketched in Figure 2 of Chapter 2 ' &
‘ 10
for different values of adaption brightness (luminance of the surrounding area),

These data are not directly usable in equations 3,8,3.9 and 3.10 since the pairs of

areas corresponding to the contrasts, CHB’ CSF’ and Cl' will rarely be

3" '.ia

circular cven for a smooth-surface spherical target, Thus, QH. R Os , and . . ’\;
P

QI’ must be interpreted as equivalent angles, Means of approximating these &y

equivalent angles are given in the ensuing discussion,

A spherical target will appear circular to an observer with shadowed

and highlighted areas as shown in Figure 16, depending on the angle which the

light rays strike the target, Consider the diameter, dsun of this circular area

drawn parailel to the sun's rays. This diameter will be partially highlighted

and partially shaded as illustrated in Figure 17. The fraction PH of the diameter

dsun highlighted is given by:

1+ cos (90 -
p. = 8(20 a) cos b) ' (3.11)

9
A fieid tactor K=6.5 is used as recommended in Chapter 2 since a]j
factors used to calculate the field factor are present,

10
An accurate tabulation of these data is given in Bush (1946),

2RI AR £ W B Wity

E AR A NP AT TIPSO ST R TPCED £ s

T T e T T TN T T

-

RO

T,

R R T A PR D

W VAT e A AR A S L Ty

H
Ry I NCVE At At Te st Aot e
TN g gt OCCrt- S PR PN VS




N .
PRI

‘e Dok * - .
A \ ey \é e, FRm,s A ok (T,
M\ SRR T
A Mluvm i%{x&"ﬁi’ e BN ‘ 4

oty e N

68

Fig. 16,-~-Examples of Shading on Simplified Representation of
Target

where a {is the sun zenith angle and 6 is the azimuth angle of the observer's
path of sight relative to the sun}l Mcthods for computing the highlighicd sur-
face arca of spherical targets, such as shown in Figure16, are very complex,
It is assumed that the highlighted area can be useful approximated by the area of

the highlighted segment shown cross-hatched in Figure 17; an expression for this

area is given below:

(na? ) d? sin {180° + 2 gin~! (cos 6 cos (90-a))} © 5P, S0.5)

1440 8 H
Ay ~$ (3.12)
. d? 2 42 gin {180° - 25in”} (cos (90 ~@) cos ) }

md M, . (0.5=P <1.0)
4 1440 8

\

11

The angles, a and 8, are discussed later in this chapter.,
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and,
2 2 2 o -1
’13}__“ nd_,d sin{180 +2sin (cosBcos(30-a))} (0 =P, =0.5)
4 1440 8 ' H
Agp = (3.13)
2 2 o -1
nd d sin {180 - 28in (cos (90-~a)cosb)} < <
- , (0.5SP_<1,0)
\1440 8 H

where d=dg,, is given by,

The angles

having arcas A H

In the casc of the internal contrast, CI’

the two areas, AH

is silhouetted. Thus, the angular subtense QI

CI is

2VU
d=V 2.

m
) QH and Q g subtended by the diameters of circular objects
and AS , respectively, can be calculated using equation 3,6,

it i1s assumed that the larger of

and AS , is the background against which the other arca

of the "object"having a contrast

1. =
min (Q}I ’QS ) .
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Fig. 17.--Highllghted and Shaded Parts of the Diameater in the Plane
Nomal to the Observer's Line of Sight Formed by the Inter-
section of the Sun's Rays with tha Target's Center
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The angular subtenses Q_ QS , and QI’ then, are used to determine the
' single glimpse probabilities given in equaiions 3.9, 3.10, and 3.11.

. ’,“;rﬁ“‘ N
R
st

The apparent contrasts C

H CS , and CI' are dependent on the in-
berent luminances of the foreground and background features, and of the shaded

oy

and highlighted parts of the target. A means of predicting the luminances of

the target's surfaces and its surroundings is discussed below.

Luminance Prediction
-

The inherent luminance, L, of a surface depends on its directional

reflectance, P, and the illumination, I, striking that surface. The directional

reflectance, P, of a surface is defined by Gordon (1964) as: ", . . the ratio of

inherent luminance in the dircction of the specificd path ou sight to the total

flluminance on a fully exposed horizontal plane at ground level.” That is,

L =p1,

.

{3.14)
where p is a function of the impinging light's incidence angle for direct illumina-

tion and the distribution of incidence angles for indirect ilHlumination,

Brown (1952) has determined the toial illumination, in footcandles, for
an unobscured sun as a function of the sun zenith angle a. These data are '
reproduced in Figure 18 . As shown in this figure, the {llumination when the

sun is at the horizon {sun zenith angle 90% is approximately 70 footcandles,
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while, when the sun is directly overhead (zenith angle 0°), the illumination is

approximately 10,000 footcandles.

The dircctional reflectance, P, of a surface is a function of the azimuth

angle, 5, ot the path of sight relative to the sun, the zenith angle, ¢, of the path

of sight, the wavelength of the impinging light rays, the surface roughness, the
atmospheric conditions, the sun zenith angle, c, and the sun azimuth angle, B
{Gordon, 1964)1.2 The angles ¢ and B, which describe the position of the sun
in the sky are illustrated in Figure 19. The angles 6 and ¢ which describe
the position of the observer relative to the sun and target, respectively, are
fllustrated in Figure 19. In Figure{9 the target is assumed to be at ground

1
level, while the observer can be considered either elevaled (¢ > 0) or at

ground level @ = 0).

Scripps Institute of Oceanography (Gordon, 1964; Boileau and Gordon,
1965; Gordon and Church, 1966) has measured the directional reflectance of
several common background surfaces for various values of the angles «a, ¢,
and 5. These measurements are in TablesB.1,B.2, and B.3of Appendix B, The
greatest amount of daia are for an unobacured sun at a zenith angle of 40 to 45
degrees, The sources of thuse data were contacted and data for other sun angles

and weather conditions other than a2 clear sky were found to be unavailable.

1“’I‘his functional form i{s not known, so empirical measurements of
these conditions had 1o be used.
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The effcct of the sun position and meteorological conditions on surface reflectance
is discussed ii: Appendix B. The use of the data of Table B.30of Appendix B for

pradicting the luminance of terrain features is discussed inthe next section,

Luminance of Terrain Featurea

The luminances of terrain features directly behind and in front of the

b

target, {.6., in its background ana foreground, are required to determine the

Serl

contrast of different areas on the target, First, the location of the target

N
L PG APy A4

relative to the sun and the observer, and the directional reflectances of the

background and foreground features along the observer's line of sight to the

o L.ew wy,
353 Vel

target must be determined The steps necessary to determine the luminances
of terrain features in the target's foreground and background, are outlined in

the flow chart shown in Figure 20, The data x"equired ~8 input to the calcula-

tions appearing in this flow chart are: \

1. the target's coordinates, (Xt, Yt’ Zt),
3. the observer's coordinates, (Xo, Yo’ Zo),

3. the sun azimuth angle, {3,

4. the location of the different terrain features on the battlefield,
such as meadows, grass, trees, and roads, and,

5. typical horizon sky luminances, such as those given in Table 7 ,
taken from Duntley (1646, 1948). A value for sky luminance would

be determined before each DYNTACS run and used throughout the
batile, '

As indicated in Figure 20, the directional reflectance, P, of the back-

grourd featurce whose luminance is to be calculated from equation 3, 14 can be

PN T e
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Detormine ihe azimuth angle, 0, of the path of sight relative

to the sun (sce axample in Appendix C),

!

Determine distance, R, from the obsorver to the target {rom

the ebeervar aixi targot coordinntes.

t

XX -X
t Qo

AY = \’t - Yo
A |
Zenith niglo, ¢, of path of sight

PN
af Yaxtsav
¢~ 180 - tan”} -

zﬂ

t

Extond tho observer's line of sight through the
top of the target

Y

Docs the extended line of sight pass beyond the
limits of the uttliefleld without intersecting
with a torealn feature ?

1 3.1

Kpocify the feature intersocted by the oatonded
lino of sight as the backgroumd

Caloulate the luminance of the background from
equrtion I whore the reflectance of the back-
ground {8 tnken from Table &Y, Appondix B

A

Specily the tevrain foature the tarvgot 18 in as
the foreground

X

Spoci{y tho sky as
the backy roud

¢

Detevinins the
Iluminance of the
sky from Table 7

N

Caleulate the hamitnanze of the foreground from cquation I, where the

rofloctance of the foreground fs taken from Table &1, Appondix B
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Luminance

o w « [Ty
e ot Mool ne b L - PRI 2 N

YN T L g ey e R A ST T
' Yo wte  meer wata I g L ERars

76

e T

TRV RIS ST

AT

. - « Rt S A
e AR AERARSS

- e
2 e e

-
%
PRIERFTR

S PR
e e o bt ~ Al 3. 14T ARS

Ry
LY

AR
s
R T

,
s’

),’u

&2

:f' >
o T b eSinst ade MR

e«’“

Syt

!

A ES

o J . N
YT 3RS
FE Ay
s

s
o\
LCED PPy A Taa NN

.
AL
I

oer v

T

Py
prepaci et )

P,

L

50" B,

N 7%
TR e 17 i

b i

%
4

A

or
% 5

s pn

ST

X
£y
T

o
N I Fa S ST h Bt B e PIRrPSAC e

ko
B Frn L.

S raye

R
YRS

ez
A

D, ('E:h’

g

e

et R

.
S

o

N ety
a I
Logeieive iinaa

© 2o g

ok




R R e T R S A B a1 Y DR S S SR ITLR

77

TABLE 7

HORIZON SKY LUMINANCES
(not a function of location of the illuminating source)

Description Luminance (ft-L)
Full daylight 1000
Overcast sky 160

Very dark day 10
Twilight 1

Deep twilight 1071

Full moon 10-2
Quarter moon 103
Starlight 10-4
Overcast starlight . 1075

determined from Table B.3of Appendix B given the azimuth angle, 8, of the path

of sight relative to the sun and the zenith angle, ¢, of the path of sight, Thus,

"the luminance, L, at a point on the surface of a terrain feature exposed to direct

sunlight is determined from the sun's direct illumination level, ID , by

L = pI (3. i5)

D ]

where ID is given as a function of the sun zenith angle in Figure 18, and the re-
flectance, P, of the terrain feature can be determined from Table B.3of

Appendix B, Since the data on the directional reflectance of terrain features

{
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exposcd to indirect fitumination (in shadows) arc not availablo, it must be assumed

that the datu of A'ppendlx B apply to both directly and indircctly illuminated sur-

13
faccs.

Thus, the inherent luminance, L, at & point on a surface of a terrain

feature exposed to indirect illumination is calculated from

L =PI (3.16)

where P is read from Table 81 o1 Appendix B, and Xs is the indirect illumina-

tion from the sun. Equation3.16 can be written as

N

L = SpIpp (3.17)

14
where SR is the ratio of indirect to direct illumination from the sun. A

graph, prepared from data given by Brown (1952), of the ratio SR versus the
sun zcnith angle a is given in Figure 21,

Methodology for determining whether a target or its background (or both)
are in shadows and the effect of such shadows on the single glimpse detection
probability are discussed later in this chapter. The following section describes
how target-to-background contrasts are determincd given the illuminances of

background and foreground features,

13'I‘his assumption was discussed with Miss J. Gordon of the Scripps

Institute of Oceanography. She agreed with the authors suppositions.

14p; rect Nlumination includes both illumination from the illuminating
source directly and the indirect(prevailing) illumination, Indirect Hlumination
is only the prevailing part of the illumination from the aource. '




w;;l"";‘:‘-‘zﬁrﬂ\*ﬂ?rs*w‘( TE T g3
TS LSRR e L™ R i

ks
P
e

T

21 % K AR e X VR e i s BT S S
R I oy SR S i, ALEN
o RIS AR SRR OV A R R S SR AR

WA, 2T
L3

~
:

“

79

1.0

' 0.8

At
ot

2wy
K<

»

) [ ] .

T,
o

06

I
TR

#

Y

,
- - ‘gj;. AL
el 2y s Y
A NE
PR Wenc)
g H

-

‘v
rs

04

hman -
’s

S
s st e

L g
gl
wr
'y, b,
>

-
P 4
s
e

-

Ratio, Sg,of indirect to Direct Light

o
N
Ve
« 5t

PR (A Ky

N

~—

o
90° 80° 70° 60° 50° 40° 30° 20* 10°
Sun Zenith Angle

TEp W

/

oy -
X

Lo

B T B NI Lt BT AR T AT T < 4

it ,;.“,d,

T

Fig. 21.--Ratio of Indirect to Direct Illumination Due to the Sun as &

¥ Function of the Sun Zenith Angle 5l
7 3 1

:’d

riteses

U

k2 - : g
E§: hd [ P ,%y
& ! 532
o 3

g
& ’ 2
] E
i -
' :
) a Sz
% b . i B
i K 1 PEE RN e, » ) - . 1}
SATLT TR o, WA SRR, o e g
- .““‘ '3.;:.% RN

ey

W ‘é*.;’k" * © . . ! !
e A . S
mnmﬂmﬂhmﬂw RIS TR TN,




N TR R R SRR Ty

A ¥ SN R m
5 T e, R
R RS mﬁm&m fm‘ SRS el

80

Tnxe_—h-‘nughgmmd Contrast

Once the luminance of background and foreground terrain features are
calculated, the inie 'nt contrasts, CHBO’ CSFO' and CIO can be determined
from equation %3 providing the luminances l..H and Ls of the highlighted and
shaded parts of the target, respectively, can be specified. Then the apparent

P and CI’ can be determined from CHB , CSF , &nd

S , C C
contrasts yB' Cs . .

; C, using equation

s Io

, The inherent luminance, LH’ of 4 point on the highlighted part of the

I target ia given by

- . = ] (3.18)
. !‘

where I is the {llumination from the sun on the highlighted surface and Py

[
ey ~

. I | is the reflectance of the surface at that point. Similarly, the inherent

: luminance, Lg, at any point on the shaded part of the target is

= 3.
Lg = Sglpfs (3.19)

i e g

Y where ps 18 the directional reflectance of the target when indirectly illuminmted

and Sp is given in Figure
The surfaces of combat vehicles are quite different than those of
components of the terrain, Because of the special nature of the finish high-~

lights and shadows are created when illuminated by a source such as the sun,

Duntley (1964) explmns that;
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"Man-made surfaces invariably exhibit pronounced gloss chavracteristics,
particilarly when the solar zenith ragle exceeds 609"

W

Because of the complex nature of the rargets surface this is ceriainly nol an

e i
B o

W WA E .

uncommon event. For this reason, unlike the surface of terrain features, the

Pt .

G

reflectance of surfaces highlighted and ghaded are corsidered to have different

reflectances.

WA Trignly T Vr 5%

Gordon (1964) measurcd the directional reflectance of variously orientec

s
)

surfaces of an olive drab painted object for a sun zenith angle of approximately

o

40°. Most values ranged from 0. 10 to 0. 26 but readings ag low as 8.01 and as
high as 0.490 were recorded, Values of 6.1¢ and 0.%6 werc chosen to be
reprosentative of the reflectance of shaded and highlighted surfaces, respectively;
that is, it is assumed that Pg = 0.10 and Py = n.26. Tor these values of re-

flectance, the luminances of the highlighted and shaded purts of the target are

= .26 1L | (3.20

PRETEIR

.
.

= .10 LDSR

R O e i

S

AR

respectively. The luminances of the highlighted and shaded parts of the target's

N “;»\f;‘».w

surface, as calculated above, are used to determine the inherent contrasts,
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CHBO' C s Fo' and CIO, of the target's surface with its surroundings, as out-

lined below.

Acocording to equations 3.20and 3,21, the inherent internal contrast, CIO,
is given by

8L 1S (10
c, =

[ (3‘22)
o ISR (-10) '

—

which reduces to

Cl = 3;-6.. -1 .

0 Br 3.33

The inherent edge contrasts, CHB and CSF , are given by

(3] 0
- L
c 81‘}1 B

HB, Lp (3.24)

and

4
)
*

]

(J
- ’ 3.25

where LH and L,, the luminances of the highlighted and shaded parts of the

target, are given by equations 3, 20 and 3, 21, respectively, and means for de-

termining the luminance's L 5 and LF of the hackground and foreground for
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- 3 both direct and imiirect Hlumination were discussed earlier in this chapter f]
o 3 it
«f ; E 5 (see equations 3. 15 and 3.17), It should be noted that when the target and its back- ,; .
N 4 5
% " ‘; " ground (or foreground) are subject to the same illumjnation, i.e., either direct
* i or indirect, the edge contrasts C

and CSF reduce to the ratio of the

HB o

0

L iy g et dn s Clan

difference in the reflectances of the {arget and the terrain feature to the re-

U

flectance of the terrain feature, That is, if pB ia the reflectance of the back-

N
kel R

ground and pF is the reflectance of the foreground, we hive
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where Py and ps are the directional reflectances of the highlighted and shaded
parts of the target, respectively. Thus, as a result of our assumption that the
data of TableB.3of Appendix B can be used for either directly or indirectly
illuminated features, the reflectances PB and pF of these features as well as
the contrasts CHB and CSFO wiil be the same for dircct and indirect {llumina~

o
tion, Howeover, shadows, which cause tho target to be indirectly Hlluminated,

stll affect the single glimpse dotection probabilities, up and gy, a8 pointed Z
out fn the following section, '
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Effect of Shadows

As the sun 2enlth angle changes, shadows are created on the suriaces
of the terrain features [acing away from the sun as shown in Figure 22. These
shadows may cover the target if it is close to the feature, or serve as the back-

ground for the target if it is not close to the feature,

To determine whether a target is within & shadow created by a terrain
feature, such as a forest, a linc is extended from the target to the sun, If
this line intersects some part of a terrain feature, it is assumed that the target
s in the shadow of that feature. In such cases, neithef the target nor its back- '
ground and foreground are directly illuminated by the sun, As pointed out in
the previous section, the assumption that the reflectance values given in Table
of Appendix B hold under indirect as well as direct illumination implies that a
target in the shadow of & feature will have the same conirast as a target in the same
location when it and its background are beth illuminaled directly by the sun
(see equation 3.3 However, this assumption docs not imply that the single-
glimpse detection probability for a target located in a shaded area is the same as
that for a target exposed to full sunlight. As can be seen from cquations3.8,3.9
and ¥ the single-glimpse detection probabllity for two targets of cqual contrast
will vary with the relative magnitudes of their threshold contrasts C t(n). The

thresheld contrast, in turn, depends on the juminitnco of the background (sce
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Figure 12 of Chapter ). For backgrounds exposed to direct illumination, this

P2

A LARIA Y
Ll

Juminance iy Jdeterwmined from equation 3.15 whereas for indirect illumination "1

g ety

thig luminance is given by equatior 3,17.

s

Shadows also can affect the glimpse probability 8HB without actually

=
3

covering the farget by changing the luminance of the background against which

e, .
,‘:‘: ‘i‘éé‘ili & -’ﬂ"‘fﬁ lé‘ %

4

the target is silhouetted, To determine if the target's background is shaded

’7\';

SN

{In 2 computer simulation), a line of sight through the target is extended until

Y
¥

¥ ;.é»:‘ff}i”:ﬁ £

it intersects some point on the terrain, and, then, a line is extended from that

iﬁ"&"
Lo oy s,
So g L
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peint to the sun, If this latter line intersects some point of a terrain feature

r iy
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within the bounds of the combat area, the target's background is considered
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186

%
2 55
.
e,

P
o, 3
sret e s
{;y»"ig'a

to be shaded. Then, the luminance LB used in equation 3,24 to calculate the

contrast of a target silhouetted against a shaded surface of a tarrain feature is

AT
P TY P PSS CNASTY EZE R I
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P

calculated using equation 3,17.
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Discussion

3

More realistic predictions of glimpse probabilities could be made by

AT

improving the description of the luminance properties of background and fore- 30

. L 1
; _ 1
i ground fcatures, ¥or example, substantial improvements could be made if 5 )Li
.:. ‘ \;’, ¢
i, directional reflectance data could be obtained for: OB
. g

%. awider variety of environmental factors such as meteoroclogical
vigibility and eloud cover,

.y 13
2. sun zonith 2ngiee other than 457,
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3, & wider range of the angles ¢ and &,

4. v;rieus degrees of shading, and !

5. ambient light levels ass..iated with twilight or nighttime,

In addition, descriptions of target luminance patterns could be improved by the
collaction of reflectance data for various orientated surfaces of the different
materials commonly used to make tank armor.

Laminance measurements at various points on tank vehicles were

taken by Ballistic Research Laboratories (Downs, et al,, 1965) under a variety
of meteorological conditions. These raw date are in the form of centinuous
graphs of surface luminance at constant distance positions along the tank as

shown in Figure 23, In this figure, luminance is measured at esch trace

along the x-axis. However, reduction of these data into a usable form could

o S G

0

not be accomplished within the scepe of this effort, Further study and analysis

X

of the BRL data would result in more realistic estimates of the following

quantities used in this chapter:

1. the luminance of variously highlightcd and shaded surfaces under
different meteorological conditions including different sun positions,
and various levels of meteorological visibility, and

2. the fraction of a tank highlighted and shaded for various sun positions.

In addition, analysis of the BRL data could provide the information required to

develop methods for cstimating the effect of cloud cover on target contrast and

3 2 detection.
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Addironal realism could he gained by introducing the probability and
effect of Cloud cover inte thie deteetion model, When clouds pass between the

sun and *  rargct, as in the case of a target located in the shadow of a ferram

feature, . ungic glin psc detection probability {s reduced because of a gencrad

reductior in the overali lununance of the scene. The luminance, L

B’ of the

backg: e oan be calculated, as wdweated by enuation3d. 12 from

where OB wouid be taken from Table B.3of Appendix Band the illumination, I,

striking the ground when the -un is obscured by a cloud is given in Figure 24,

The probabihi, i’s. that a cloud -free line of sight exists between a target

and the sun nas vecn estimated by the Air Weather Service {1965), as a function

of the sun zenith angle o, for different values of the mean {otal percent cloud

cover. This probability 1s given in Figure 25, The probalnlity, 1-Pg, that the
target and its immediate surroundings are shaded by a cloud, could, with some
further study, be usen to determine whether or not an object is shaded by a
cloud during the simulated baltle,

With minor modifications, the results of this chapter could be used
to determine the contrast of the target with its surrcundings at night., A target
illuminefed by mnoalight hos approximately the same contrast as » fraget

iduminated v diver sunindt sinee the divectional reflectance vemains fairly
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Fig. 24.~-Tlluminration under Average Cloud Conditions(Brown, 1952)
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ocustant (Gordon, 1064). However the prevailing illumination changes, The
direct illumination under moonlight conditions, tabulated by Brown (1852) as a
function of the moon senith angle, is given in Figure 3¢, However, as ir day-
light shadows will be present within the object and on the surfaces of terrain
foatures facing away from the moon, Aa with daytime coaditions, the lumin-

ance of a shaded area can be expressed in terms of the ratio, S_, of indirect

R

1o direct illumination (see equation 3.17), However, data are not available

for this ratio for moonlight conditions, As an lsderims measure, it could be
H

assumed that values of this ratio given for daylight:jeee Figure 31) hold for

the reduced illumination levels at night.

i

Summary and Conclusions

In this chapter, the tank-target was represented as a sphere, A met'hod
was given for estimating the internal contrasts, Cx, between the highlighted and

shadad parts of the spherical target and the two edge contraste: C the con-

lm)

trast of the highlighted part with the background and C the contrast of the

) o
shaded part with the foreground. Relationships discuseed betwoen theee con-
trast values and the single-glimpse detcotion probability for use in squation Al of
Chapter 2 are summarizedin the flow chartin Figure 2T Although the represen-
tation of tho target is very stinplified, & moredotailed ropresentation of tho target's

shapo would bo of dublous valuc until the effoct of different comtrnst patterns on
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squation $.12.
A = Agy as givem by squations 12
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Determine the ineront hunlnanees of jhe background,
Yo and of the foreyrowad, L,.Mﬁtnnehﬂ
given In Figure 20,
Determine the inheront luminanses Ly tad 1y o
mwwmuuamdwwm
oquations 110 and AN, rvepactively,
i i 4
€ Adoulate 1o fshersmt inicrmml Calcuinte C“ the inherent Calculate C. the indaremt
souirast Ck from oquation A, contrast of the Rightighied part off | eontrast of the Shadod part of
the target with the bachgreund (he targel with the Soregronnd
from cquation AN, from squetient,
Caluvinte the spperest comtrast Calowinie the epprront conlrast Caloulaie the appsrent con-
< lrom cqmelion $.4, c”b frowm e ation J.N. trast C“. {rem oquation 3.4,
Calculate £; {rom equatien 20 Caleunie frem equeiion Calzulnie {2 from equaiion
with @1« min Ry, Bgp) where with Q) Yy squation squtisattiwith fg.. yiven
QHB and gy are gives by snd A = Apuy be given by

by squationloand A » A”. ¥

given by squmtion 3.19.

sué Y, respuwetively.

L

Caleulade g the single glivapee dutusbion probehiMiy:
€ 1-{l-g) (1 - Ry} (3 - Ugy)

Ll 44 $

Tas throshold C*@) can b determined [rom Miguraih of Chapter 2 or from
tabwiated data ju Uwah (148) (or the spnroprisis valeees of baskgreuni luminance Ly

Fig. 27.~-Flow Chart for Detarmimation of Target Bquivs lent 2ingle

GlUmpose Datection Pmbabilliy

4! e e L "W W*N Y r e
.

t

<

SyilagrkaT c

2

ke

£

et T e

r
.,
N

L =

Y SR R




SR Wm\*., R o RT VR Wi R A P AR U R TR g

gy T T B e N TR A o e R T

- gen

95

detoction caa' be accurstely described, That is, even if 2 large number of point
measures of coxtrast could be predicted, it is, at present, difficult to say
which are most important to the observer in making a detection.

In the mext chapter this model is used in 2 pwmw x.nodol vhich
pesdicts observer performance when searching for the taxget in & complex
deplay. An attempt to validute the model is also discuseed at the end of the
following chapter,
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CHBAPTER 4

PROBABILITY MODELS

In the praneding chapter, a model for predicting the probabllity,
¢, that a target is detected on 2 single-giimpsse was developed. By
dividing the target into two distinct areas, one highlighted and one
shaded, three point measures of contrast were calculated:
CHB = the apparent contrast of the highlighted part

of the target with the background,

C.a}. = the apperent contrast of the shaded part of
the target with the foreground, and

Gl = the apparent ltenal contrast

Using equations 3.8, 3.% and 3.10, the single~glimpse datection
probab{lities Oup Isr and qI of areas having contrast Cyp, CSF’
and CI’ respectively were calculated. The singlu-glimpse detection
probablility, g, for the entire target was then related to these three

measures of glimpse probability by the equation:

9“1-(1-'01) (1~9H8) (l-qSF) (4.1)

An analytic procedure for predicting luminances of tarrain featuras and
target surfaces was also presentad in Chaptar 3. The calculations
requirad for these luminance descriptions ware gearad toward efficlent
exscution on an ulectronic computer while preserving ths resolution
requiremants of the combat simulation. In this chapter, this predicted

value of the single-glimpsze detection probability (equation 4.1) is
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used in a peobabittrty model which accounts for search of the scene
by the observe:.

As discussed tn Chapter 1, Stollmack (1964) suggests that the

probabiltgy, P (t), that detection occurs in time t or less Is given by:

NV

t
-
r(o -1 -~-a © a7, (4.2

AN

wheve A{7Y) is the conditlonal detection rate. Two forms of this

conditional rate were suggested {n Chapter 1.

e vy .
TNy

o
Rt
PN,

The first, called the "glimpse model” {ncorporates the model

'

%

predicting single-gllmpse detection probablility developed in Chapier 3.

[
g

LS

3 4::; 2‘ A7

Py

This model yields a continuous function for tha glimpse probabllity of

&
!

T
B
. HEy,

a target moving with respect to its surroundings. Since the target is

I
R
o

. 7 R

moving, such factors as the relative slzes of the highlighted and shaded

“ 4
Sare

areas a- ! the cont.asts of these areas with the surroundings change.
These changes result in a glimpse probability which is a continuous
function of some set of environmental varfables and time, g{(S,7). Given

this function ¢(S.7T), the conditional detection rate, A(T), can be

written as,

ATy = mpg(s,T),

where p is a function correcting for forms in the scene which abstract
the observer's attention (confusing forms) and 4 is the glimpse rate.
The sacond form of A{T) i5 a simplification of the first., In

this model} It is assumad that the conditional dstaction rate {s a step

function, changing instantanaously at discre®points {n time along

. i
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B T i e i it e R e s A
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98 1
the movemant »zt% of the target.

This simplified model, herecaftaer called 3%
the “step" moa: assumes that the single-glimpae detection probability bﬁ
ramalns fairly constant betwaeen points in time where major changes ’}
occur. The reason for making this stmplification is that parameters of 1
this sinplified distribution can bo estimated by the method of maximum %ﬁ
likelthood from detection-time data. {Such efforts for the continuous ;
modal would be extremaly difficult because of the nature of the distribut- z

fons tnvolved .} These estimates can then bo relatad to valuss of the 1
conditional detection rute generated by the glimpse model to test the 2

validity of the glimpse model. Howsvar, attempt at validation v ere not

successful bacause tha necessary data could not be obtained. These

difficulties are also discussed in this chapter.

L o Do e
& -mm&rmmm&ﬂm et

In the following section the glimpse mods! is discussed.
The Glimpas Model

Tha probability that a target s dezected on a single glimpse has
baen suggested (in Chaptor 3} to be a function of its internal contrast
fts contrast with the elements of the terrain against which it is sithouetted,
and the zize of the highlighted and shaded areas apparent to the observer.
For a moving target, this glimpse probability is continually changing
aince the environmental variables affecting glimpse probability (discussed

{n Chapters 2 and 3} change with time. Lawson and Stollmack {1968)

ey
LY 5
ep-ourtetd

s
e
e LY

havae shown that the [nstantaneous coaditonal detection rate, M’Ii), at a
time Y {s ot t1a form,
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whaerex ts * ¢« yumpse rate, p = %‘- . vhere n ls the number of confusing
forms in thw scene (discussed In Chapter 2) and g is the instantaneous
single-glimpse detection probability., Changes In the conditional detect-
ion rate ars most iikely explained by changas In the single-glimpse
detection probabllity. Since the fixation rate, s, remains essentially
constant (White &nd Ford, 1960) and the number of confusing forms. n,
is a function of the scene content not time. With this assumption and

a single-glimpse detection probability changing with time, oquation 4.3
becomes

AMT) =ppg(M. (4.4)

Using the method developed in Chapter 3, the single-glimpse
detaction probabllity for moving targets can ba calculated everywhere
along the targets movement trace. For any one scene, a functlon similar
to that shown in Filgure 28 might be expected. As a convention, the
continuous model treating the conditional detection rate as a function of
the single-glimpse probability model developed in Chapter 3, will be
called the "Glimpse Mcdel”. Prediction of the glimpsé rate, i, and the
equivalent number of confusing forms in tha scene is discussed below.

Pradictlon of the Glimpse Rate and the Equivalent Number of Confusing
Forms

As dlscussed In Chapter 2, considerable work has been devoted to
mea suring the rate at which fixations are made on a display. This rate
1s a function of variovs factors, including the scene content {Townsend,
Enoch and Fry; 1958 and the display size (Enoch and Fry, 1958). White

(1844) suggests that 2 lixations per gecond cah ba expectad under most
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search sirwaeizns. This value of fixation rate {s widely accepted and has
been used 1, w.moerous models of detectlion (Ryll, 1962). Boynton,
Elsworih and belmer {1958) (nvestigated the relationship between an
obsarver’'s deteciion performance and the number of forms in the scene
regombling the target in size, shape, and contrast (zee Chapter 2). i [
i
A relationship beatwear target detection probability, p, the number of g
confusing forms, n, and the exposure time, T, {s indicated by Figure 7 §§
¥
of Chapter 2. The smpirical fit yiven by Ryll {1962) for all target sizes ;3
ard contrast investigated in the Boynton, et 1., study is: :
g
p - 1 (4.5) évuv k\;‘
29('[') .93 % ':
1f T, the exposure time is taken to be 1/3 second, the time for a single u X
i ° ‘
glimpse, eguation 4.5 becomes J \
‘ -
\ , i
= .o ]
- 1.29 i
1+ )
foem )
This exprassion can be solved explicitly for n in terms of p as follows: .
1 .775
n o= 10.44 |LZB (4.7 |
3 D . ‘1
. Using this equaticn, the effective number of confusing forms for the terrain ‘
BT Juene ¢an be predicted if a vklue of p 1Is known. A means of esthmnating

$, the value of p for aach scene is discussad below.
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If an Saerver makeos fixations at a target scene at a constant rate

M, it has been shown that the probability, P(t), that a stationary target

Is dategtad 1r time t or less is

= AGP

P(ty=1-~2 (4.8)

whare ¢ iz the single-glimpse detectlon prcbability determined from

equation 4.1, and p {s the detection probability used i{n equation 4.7
to predict the equivalent number of confusing forms. Given estimates,
X . of the detection rate of a stationary target in a natural environment,

$. an estimate of p, is given by:

A
$ = 2/3g, if the fixation rate, s is assumed to be a constant

3 per second. Substituting this into equatio~ 4.7 yields the expression

(.775)

n=10.44 —ﬂi—z—

as an estimatae of the number of confusing forms in each scene.

(4.9)

Discusgsed
below {s a method of determining a statistical distribution of the number
of confusing forms contained in a typical terrain scene.

Distribution of the Number of Confusing Forms

In the preceding section, & methcd of estimating the effective
number of confusing fonn: in a terrmin scene was suggested.

To make the glimpse mo del completely genersl, it is desirable to
have 2 value of the effective numbser of confusing forms to entar into
equation 4.4 for & yoecliic terrain typae. To obisin sn astimate of n, it
ia nacegsary 0o measure detectinn timae for several c‘i)se:rvers vizwing
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& giationary terger. Jvom thene detaclion tinses, 2n extimate, %, of the
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‘ A woule . . atad . Substituting this valua of A Into equation 4.9,

anesti~o » would be calculated. '

Stn soa e oxperimental effort 1s impractical for aach scene
because ol trne aryo number of possible scenes a single vuxperiment with
soveral clasotlications of temains would pemnit the detemnination of a
statistical distribution of the mumbar of confusing forms. Typical torrain
classifications aro:

¥
1. Tlat, no trees or achrubs, with tall grass. %& :
2, Trlat, small schiubs and grass, gt& :
3. Flat, tres end schrubs., ;’%
4, Flat, barron with traas in background. ": )
5. Rolling, with schrubs and troes. 9
6. Rolling, with sparse vagotation,
7. Heavily vegeotated (jungle). ﬁ .
Of course, the above list contains only a few of those terrains which
might be considered. Tho ¢holce of thess classifications depends on b
tho anvironment in which detactions are to ba expacted to occur. Once .
a list of the tarrain types in which detection might occur have been |
compllad, an expariment to datermine a statistical distribution of the '

number of confusing formsg is necassary. Suggestions for planning such
an exporiment are yiven below. Given several examples cf one terrain
type & fow typical targat locationy in the scenas would bs salected. As
soon in vquation 4.9 an estimate of the detection rate for scena s needed
1o caleviate n, Sovae al saviects are asked to fiud the targats in ¢ach

L

A
FOSLO L. W) the nevhest gtea by Rrown (1856) | an estimate, )N iy ¥ the

i
Sedncw s e B e U0 s o v terdtn Llaaaeveatton oas onlouiated,
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Than g“ v s aleglated using the method discussed in Chapter 3 for
predicting tha s.w. le-glimpse detoction probability. Given 3\1 the
affective number of confusing forms, RU for sceng [ In the }Lb tercain
type s calculatad (e
a (.775)
CARURY 30“,\; 4 (4.10) ‘
44 .
Given N) values of tho effactive number of confusing forms for terrain \1 ‘
type |, the statlstical distribution of nU could be estimated from a ?% ‘
histogram of the data. Stollmack snd Lawson (1968) have shown that ”g
tor 9 scenes from the tank ranges at Fort Knox, the effective number of gz,:
confusing forn.s Is approxtmately distributed according to a Potsson » \
distribution with a mean of 9.83. The scenagin this group come from ° ‘
sevoral different terrain classifications but contain a good sample of ::
what might be clasgified as a "Fort Knox" terrain. Since there were )
only 9 scenes it was not feasible to cla ssify their content and divide
them Into categories, because any further breakdown would reduce the v ¢

size of the sample upon which the distribution of n s based. To
apply the model, during a simulation run the distribution of the sffective
number of confusing fonms 1s determined by Monte-Carlo methods for
each temain type in which dstections are made,

Time and funds proh{bit the completion of tha analysls outlined
above since an axtenstve amount of terraln analysis and data collscticn
and reacction ave reqehiad.  Performanca of tha analytic procesadure out-
Haed fe Lofe sactin e, nmended if the glimpse model i3 (o be apphigd

WD ot et e e e on{une contieintag saveral teriatn clagsfies -
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3 » ~ onstant fixation rate of 3 glimpses per second and an

astima‘e >f the equivalent number of confusing fonns in a scene,

3E ey

the probat-ittty  P(t), that a target is detscted in t seconds or less

> Sy

(squatior 1.4) according to the glimpee model becomes:
[
- 39(M/ndv

® e
e

Pty =1 - e (4.11)

Pt s

> 2 e

This form of the probebility P(t) results from a conditional detection rate

iz atd

which Is a continuous function of time, such as that shown in Figure 28.

Saken

In the next section, the form of this conditional detection rate {s reduced

-

P

to a step function with instantaneous changes at known discrete points

»

in time during the movement of the target.

NS Tt s

The Step Model

The Glimpse modal developed in the preceding section ylelds a

N e ot LY

continuous function for the conditional detection rate, N\ 7T), as shown
in Figure 28. In this figure, it {3 suggested that subtle changes at
finite times (n target-background-observer conditions cause changes in
the detection rate at several points in time. Since detection times from
the movies taken by Brown (1966) are to be used to estimate the effect
of changes in these conditions, a statistically significant number of
data points must be available to estimate A(Y) for each rate change. In
this section, a simplification in tha form of the function A{(7T) is suggest-
ed so that statistical estimates of the detection rates during the target's
exposure time can be calculated. This simplified form of A7) called
the "gstap mode!" is digcussed bhelow.

Examination of films of moving targets taken by Brown indicates

that changes in the appearance of the tarqget occur soveral times during
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E its movewmss scnes the scene. If thasa changes are instantaneous and
l remain &t same sypentlally constant level during a certain time interval,
s simpliostion csn be made in the form of M(T) as predicted by the ‘,
l Glimpae model, If the single-glimpse detection probability iduring :(
this time interval is & constant g, the conditional detection rate A(7) ‘]
' is @ constant given by equation 4.3 as ]
4 al 2
L § MY) = ng p (4.12) &
q 5 3
I ;’" where 4 and p, defined previously are constant for sach scene. The ’ ‘1"*
'  ,‘ oconditional detection rate, A, (T), ‘or the " such time Interval 1s given "j
f . g M) = mpg (4.13) "% :
h Q where 9 the single~glimpse detection probability in the interval is i |
,< K/ calculated from equation 4.1. If the times ‘I‘i(l =0,...,N) that the A; /.
't a i‘ glimpse probability changes cocur are subjectively measured from ;;5
: E examination of the films the functional form of the new A(YT) might appear : :
: as shown in Figure 29. (In this figure the form as suggested by the M
] E Glimpse modasl is superimposed.) In this figure the targat becomes ‘
1. ’\/ intervisible to the observer at time T, and the conditional detection ’“’
! ’ rate is constant )\0. At known points in time, ‘1“(1 =1,...,3) the rate ,:{%?
: fi; agsumes some constant level )‘1(1 =1,...,3) and remains at that levsi t
| until time T, ., when it Instantaneously chunges to a level A ... in .
Figure 28, it is noticed that the simplified form of M7} closaly approxi-
mautes the continvous from suggested by the Glimpse mods! only {f the .
changes in M T} are sssantiaily instantanconsy . This simplification is
; w,.a.wwmsnwwm«wwm. ~uaWa@;%WMMM!&W~dWWWh# e
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. ; T fairly consistant with the conditions actually observed on the films taken
¥ ; = by Brown (1906). The condition of thetarget does change almost in-
" - ‘ stantaneously at several points along its movement path, These changes
4
RS : are caused by several factors:

1. The target may become silhouetted against another element

of the background, thus, changing its target-to-background
contrast,

g

12
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The exposure angle (angular subterice) of the target may
change as the amount of the target concealed by some
terrain feature such as a low bush or high grass changes,

YA

St
T

[#1)

The orientation of the vehicle may change due to a rise
oc fall of the target with respect \0 position of the observer
and the {lluminating source. This change {n orientation
alters the appearance of the target by changing the relative

%
;
« \(”‘\ e o '+

N 3‘;‘ T ‘jy

: magnitudes of the percent of the target highlighted and

N : Shﬂded,

§ B 4. A change in tha crossing velocity of the target relative to
’ s the observer, and

5. A change In direction of advance.

i
o o 3 oo § Ll ouOg o e

According to the simplified model, when auy one of these or other

-

A A AN M R R

;3
wAE e R T RER
R

events changing the detection rate occur, the rate changes immediately

o S
#
[ o ———

g% , by a constant amount and remalins at its new levwl for & finite period
‘ %« of time. Of course, the change in detection rate may not be instantan-
i sous but increase or decrease to some congtant level at a constant rate
%, { as a function of time. This case and the problems it introduces are
& 3; , discussed #t the end of this chapter. In the following section, the
1 ) " distribution of detectien times for a target-motion scene vith N changes

in the 5limpse rate Is doveloped.,

Distribution of Detecticn Times

Stollmack (%63 has daveloped an axpression for the distribution

of detection iitaw: w = 3tationary target viawed hy a moving observer.
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2 L ! Er In this meatw wanges In the conditional detection rate occur at discrete
: g i k: points in tune -at a8 In the Simplified modsl discussed in the preceding '
g :
. _ S section '“cr~fore, the only difference between the model derived by
& .
;‘7 ! ] Stollmack end the Simplified model is that rate changes are caused by
5w )
}3 X targst motion rather than observer motion. Regardless of the cause of

":‘“» [} 0 .
CEe ‘ the change, the distribution of detection times is the same if the condi-~ ‘
R % ' 1 tional detection rates are the same. The distribution of detection timas
P X £ o
iy for the Simplified model is discussed below. This development is a 7
LR 3 3
=5 ‘ direct extension of the work contained in Stollmack (1965). 7
';‘.'{ r i::
2% 3 In the qeneral Step model, the conditional detection rate A(Y) is i
1% . [
% \ l .’_ a step function changing at N determinable points in time as shown in ‘{*
N g
% ' ‘-:‘ Filgure 30. In this flgure, the target emerges from a terrain feature at A
f% H time TD and becomes completely hidden from the observer at time T
ez 7
&k j 3
’é’ { l - At discrete points ’I‘1 {1t=20,...,N-1) within the movement trace of the ;*
«% ‘ \ f target, the conditional datection rate assumes some constant level ‘%
2R b

A£(1-=0, ...,N-1), and remains at that level until time T . Given
that no detection has occurred up to the time T , the conditional cumula-~
tive probability, P1 (t—'rl) , that detection wiil occur at time t or before

in the (nterval [‘I“, T, 1isequal to

D, bt W R 82 B,

-
D,

-X(t-
Plt-T)~ 1-e =Ty (4.14)

SR

S,

fori=0,... N-land Tx L1 < Tivl' Furthermore, the unconditional

it

i
53

cumulative probabiifty, P(t) that detection will occur at or before time

o, ﬁ- \—‘(:5)4'1

t, where T1 &t < ‘rsﬂ’ can be written as:
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p(t) = P(detection occurs before time Ti) +

a P(no detection before time Ti) - P(detection
4.15
g &t time t| no detection before time T). ( )
8 (Ti fro< THI) ﬂ
L ' ' Denoting the probability the detection does occur at or before time T -:‘ ;
3 b
] E as the cumulative probability of detection, P(TI) , and the probability ,‘ :
¥ -f‘} X
‘ ‘ . that no detection occurs at or before T, Q(Ti) , as: ‘3‘
| ] g4
4 ! ) Q(Ti) ={1 - P(Ti)}. equation 4.15 becomes, ?{% ‘ %
| |1 pr) + 1-p g} pge-T) g}”g
t i i i % 3
: Tt T, (416 =
3 t)= 4, BR %
‘ : P( ) 1 = 1 FAC A Bl N‘.l ) i{‘,}" "\«
. ’ : P(I‘N) ’ t - TN . ‘.‘_‘g’:! i
) if 1t Is assumed detection occurs with probability one at or before time : ’
P - a3 B
. Equation 4.1F can be written as: 3 3
o a4 B
R . P(TO) + {1 - P(TO)} PO (t - To) ' Toﬁt ‘Tl -'é ?
o
g Py + 1 - T} Pyote-1T) Tyst<T, g
3 P(t)= : (4.17) E
-4 PTy_p) + (I Y Pyoa(tTy ) Ty teTy o
{ ofT > T ./!; ,
4 P(T N) ) R o
3 hi
k. In equation 4.17, the probability, P(t) that detection occurs at ) ;
4 .
or before tlne t, where Tg t T,, s written
o .
P@ = PTy + {1-ptrg} P (-1 (4.18)
i
l ; v ”;
AR b oo
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If the targe’ ¢ .nitlally completely hidden, the cumulative probabllity,

P(TO), of Jetection at or befere time TO Is equal to zerc. Setting T

0 ’
the iritial appearance time equal to zero, equation 4.18 becomes:
P = P(O) + {1-P(O} Pylt - 0)
which reduces to
Py =P (1)
from equation 4.14, P(t) becomes
A (-0
Pty =1 - e 0( )
which reduces to
-t
Py =1 -0 Y L 0&teT (4.19)
the cumulative probabllity of detection at time t or before 0&t < 'I‘1 .

Furthermore, the cumulative probability, P(t) of detaction during the

sacond time interval [Tl , T2) , taken frcm aquation 4.17 {s given by:

PO = P(T) + {1-PTD) -1, 7 st e, (4.20

In aquation 4.20, P(Tl) is the cumulative probability that detection occurs

at or before time Tl‘ This probabllity Is given by equation 4.19 as,

p('r1> =1 - e’)‘ﬂ N (4.21)

The probability, Pl(a - Tl) . that detection occurs in the time interval

(T1 , 'I‘z) given by equation 4,14 is:

- )‘1(t - Tl)

- = - f [ £
Pl(t Tl) 1 -2 , rl-t '1‘2 (4.22)

Substituting 4.21 and 4.22 into 4.20, the cumulative probabllity of

detectlon, P(1), at oc bafore time 0%t /-Tz is glven by ;

-
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Pl =1 - e (4.24)

In 4 s.miiar maneer, the cumulative probability of detectinn at o1 before

T. 18 given by:

ShaT M, Ty =Ty =N\ (T, -T))
) { 2701 0 1
P e R + (e ) 21

whiierh redt.ces 1o

Ao T, - A (T,-T)) = A, (t-Ty) (4.25)

Pty =1 ~e
Repaating this procedure, the general form of P() (equation 4.14) in
the .\th time intervai is given hy:
(T -T ) -, .—xl_t (Tl—Ti—l)-xl(t—Tl)
(4.26)

-Mg Ty =

Plt) = 1 - e 1

where (T et <Ti,). and i=0,.

Turthermora, by definition, at time TN or beyond,

~hg Ty =M (T, =T - - ATy
P(ty=1-~¢ N

From the cumulative distribution of detection times, given in eguation

4.26, the probability density function, p(t) of detection times is given

by-
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- Ant
"0 . 0LteT,

‘ e"‘}‘urz Xle—)‘l(t-'rl) o Tyete T?.

; . 3 ')‘I(TZ'TI) >\2 e_>\2(1~T2) renen,

"“"‘(’ (4.27
; e”\n”x RO LRI Y S Y | e')‘x(‘"Tx) |

M Ty YT - ATy T e'xn-l(t'TN—l)
N-1

———

s
-

fn rhe arxt section, estimation of the parameters of this distribut-
lor  from detection-time data Is discussed. These estimaies are used
for comparison with predictions obtaired from the Glimpse model
discussed at the beginning of this ctipter.

Estimation of )‘i“ =0,...,N-1) fror Detection-Time Data

Estimates cf the conditional : etection rate for each target presant-
ation can de computad using the mathod of maximum likelihood (Hogg
and Craig, 1960j. Partitioning the n subjects put on test(having a
chance to detect the target) during the targets movement across the

scene into N sets, we obtain:
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detections in [TO :Tl )
detections in [Tl /Ty)

t detections in [’I‘Z,T3)

.

r,  detections in [Ti' Tiy)

.

'N-1 i 1, Ty

N-1
n - z rkdetectlons in [TN,'”) .
k=0

1
An unblased maximum likelihood estimator for @ = /X‘-

in Appendix D, 1s glven by:

r f

{

T ot ) 4 (- B tmT - T, y)
—lf_ _ A B ’\=1 1 i-l m=0 \ i l"l

[Ty Tupu=o0,...8-1),

the numbar of o! -ervers tested,

3
]

(t=10,...,N) are previously defined, and

[Ti cThag)

P Ikaig W I MW ) g CSIE T, e e DO - R e o -
ek I by kS A
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(4.28)

, derived

(4.29)

S|
\ n
where
1
91 = an estimate of the value of XT in [Tl' Ti+1) ,
r, = the number of detections in the time interval

t?) (=1,... ,ri) are the detection times in the interval
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Tha vatue of the conditional detection rate given in equation 4.33
should e aguit alert to that pradicted by the Gilmpse model for the h

time interval. Pouatton 4,53 and 4,23,

1 1
{0 v
-7 {n - & -
E U T g T (T = Tyy)
= 1 (1.30)
ry MEB g

in this equation, s and p, defined earlier, are constant for each scene
(independent of the vaiue of ). Equation 4,20 provides a method for
checking the valldity of the Glimpse model. If the methed for computing
the single-glimpse detection probablility is corract, the right and laft
sides ot oguation 4.30 should be egquivalent, To calculate the glimpse
probability, gy, given in equation 4.30, it {s nacessary to measure
certaln quantities such as contrast and size from the films taken by

”
Brown (1966). The detection times used to calculate estimates of A

i
ware obtalned from obsarvers viswing these films. A procedure for
validating the Glimpse model by corparing the right and left sides of
squation 4.30 Is discussed in the following section.

Model Validation

In this chapter, two probability models have been developed, the
first called the Glimpse model, gives the conditional detection rate, A (),

as a conlinuous function of several environments variables and time.

The second, called the Step mode!l, approximates MY) as a step function.

In the Step model, the detecticn rate changes instantaneously at disciete
determinable times during the movement irace of the target. Glven these

/N
tune s, estimates of the reclprocal of the conditional detection rate, 9

i!

- N T
v AR R T AR N o
streRe RS RO !
v e s . . L e "ﬁ“"&‘"ﬂv"mﬂ gt v \‘4_”‘&‘1&‘ AMSRE NS AT SR

St

e
2
T i

3

gl

iR, S
TN -t
% %Wim £4

ST

5

3

e s e
R A
I

o




117

th |
for the U tatgrval of movemant are calculable from aquation 4.29.
Equating ;— and the pradicted value of x—-(]—s In the tm time Interval,
. \ 1
.“I.... T }‘Lp (’
84 ol

Yalidation of the model will entatl comparison of the right and left sides
of this aquation,

The flims taken by Brown (1966) were thought to contain sufficient
intormation to perfomn this validation. By examining the films, any
changes In the value of contrast or any of the other variables used to
calaulate the sinale-glimpse detaction probability were noted. These
changes could be considered as the times that tha rate changas in the
LT

Simpii{iod mode! (T). T To calculate the single-glimpse

. \
2’ N
probablility using the methode of Chapter 3, the following quantities

would have to be measured at several points along the movemant trace

of tna targat on tha films:

1. The apparent contrast of the highlighted target area
with the foreground,

2. The appzrent contrast of the shaded target areca with
the background,

3. The apparent contrast of the highlighted target area
with the shaded target ares,

4. The horizontal and vertical angular subtense of the
arget, and

& S. -Tha relative amounts of the target area which are
highlighted and shaded.

In addition to thase measures at sevaml points along the movement trace,
the same quant:tias must be detarmined for the slides {rom vhich the

cetection-time dutd are usad to calculate the sffectiva number ot
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confusing forms given by equation 4. Glven all of the above data, the

- Pl

conditional detection rate in the th time interval is determined from:

%, = s, o

where nl Is glven by equation 4.9, u Is a constant 3 per second, and 9y

JIIIR

‘@ given in Chapter 3 as:

9, =1-(1~g) Q-9 J(1~ggp)

Ry i Yo
‘n
o R 2.

and gp, Yyp- and ggp are calculated from equations 3.8, 3.9, and 3.10

P
< grga,

RELT SIAL
e s

respoctively,

:4:4, %

LR
,"‘gi;“?

Attempts at Collecting Data for Validation E

X,

Unfortunately, attempts to collect the data necessary to validate 1‘ ‘
ot
the model were unsuccessful. Upon careful examination of the films
3
"’é
taken by Brown (1966) several difficultles were encountered which pre- P
vented collection of useful data. These difficulties were caused N"} ~
primarily by the quality of the movies taken. They include: Con
1. The film resolution was not adequate to permit separation
of the target Into distinct areas of highlighting and shading. s
2. The film, when examined at normal operating speed (24 «
frames per second ) was quite clear and detalls seemed to
be distinguishable. liowever, examination of individual
frames revealed a great deal of smearing. This is due 5
to a slight motion in the film as it moved past the shutter 3

when the original films were taken

A Prichard photometer with a six-minute aperture was used to measure the

luminance of various points around and within the target to obtain

sgtimates of the target-scene contrast, Because of the problems with

rekolution discussed above, inconsistant and often contradictory values

of contrz st were obtalned. In addition, {t was extremely difficult to

A AN WAL PR G g . T e w TN PR
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; measwv the angular slze of the target during {ts movement., Thig

: {- ¥ problem is also related to the rasolution prohlem discussed eariter, since o
?f_ f no clearly defined border between the target and its background wes ‘

present when viewed on an increased scale.

St 2 3,
g A
.
" L - A“ T
» -
L

h
;;x Summary and Conclusions ”,,ﬁ
§ E Two models predicting probability that detection occurs in a time f‘"f
gtg\ t or less have been developed In this chapter. An attempt vas made to (, ;%
Fﬁ‘“ ! study the correspondenze between the two models by comparing the - %
i‘%& § right and left sides of equation 4.34 . However, to calculate the single- %‘3
%" é glimpse detection probability, it was necessary to obtain measurements ' “i}:
: of contrast and target exposure size from motion plcture films. The ‘ :é
quallty and resolution of these films vere not sufficient to permit the ',g

collaction of the required data in the event such an experiment is con-~ ' ‘

ducted In the future, it would be necessary to take the photographs on ::

a higher quality camera to alieviate the smearing problem which vas Tﬂ *

encountered. Furthermore, the film taken by Brown was 16 millimerers :{

in width, making the size of the target image extremely small. It would :’

seem appropriate to use either 32 or 64 millimeter film for the further v

studles. In addition to the better equipment and film, care should also

be taken to focus the image at all points on the scene if possible. The
films taken by Brown were out of focus at several poiuts in many of the
scenes.

In place ofthe improved film, measurements of the variables

necessary to calculate the single~glimpse detection probabilities

could be measured in the field. However, it Is felt that the improved

equipment and film will alleviate the data-collection problems more
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BCOTEIT . & -mle also creating a permanent record of the experiments
Ottt ey,
R oeuoned earlter 1in the chapter, the change in the
oot e tegecton rate may not be instantaneous as assumed In the

CSiwp sendal. 1 the conditioral dotection rate, X , is proportional tn

i

.
¥

“time i the 11 rine tnterval, where

Ao e t
i TR TR

the »ubtion procedure used to develop maximum likelihood estimators
tor a g o ndﬁ'\“ could not be performed by standard algebrelc methads.
The ontv alternative would be to use a numerical analysts technique

0t
rineted . this analvsis was not pursued further,

1y obtain selutions f2r o andn(u . Recausa time and funds were

In the next chapter. the two models are summarized anrd recomenda -~

tions for future research are suggested.
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. CHAPTER ?
SUMMARY AND CONCLUSIONS f

The rescarch problem posad tn Chapter 1 was to dovelop a nndel A

of visual deatection for & combat computer simulation which predicts «:.
datectlon time perfoimance of an obssrver searching for a moving target E
in & complex terrain scene. As indicated in Chapter 2, very ltile x
: }

axperimental work has boon performaed on the dotection of comploex 5 }
objecis In natural terraln displays. In this tarature reviev . results z 5
of swveral axporimoents over the past few decades ware discussed In ,,; :
some datail, Tho tosults of those axperimants give a clue to the % :
varlablas aftecting detection of targets in a complex display as opposed \)f*f 5
to those contained in 4 Iaboratory-type display of uniform luminance ? %
and content, The problem of detaction tn a tamogeneous display has ‘ : ;
bean treated tn some datail by other authors (Lawson, 1969), but ‘
no algnificant contributions concarning complox displays are apparent, h’; L z
A modol basad on the intormation darived from results of the ! 2
mepariments discussaed In Chaptor 2 and the intultion of the author s
prosontod in Chapter 3, which predicts the single-glimpse detection :
probability of a targat in a natural environment. This model traats the e
target as three {ndepandont objects, each having its own detection ] ’
S

probability. The prabability of datecting the euntire object on & single g
glimpse 15 8 function of the probabilities that those throe objects are ;
datected, The celaulations nacassary to datermine the single~-glimpsa W:
dutection probability are easily executable on an slectionic computer, ;:
raking the modet applicable to a computar-played combat simuwlation. Rf
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L l Gtven the single-glimpse dataction probability, g(-=), the
; B probabtlity that the target s detected in a display containing n forms
N similar {n appearance to the target was shown to be
- of pIb At
! P~1-0 n
: 'R
11
a wheww 4 L8 the fixation rato. Since the form of the function glr) was 5
I ' not sstimable from detection-time data, a simplifylng assumption was 3 :
o & vads. By assuming g(T) to be a step function which changes at de- i :
i ' Tseminable times during the motion of the target, an approximation to the ""2
' .:- tonctionn] form of ¢(1 ) was made. This simplified functional form per- .‘,‘
' mittedd the estimation of parameters of the step function, An attempt vas . ,;; '
l ‘ made to relate the aastimates of the conditional detection rate from the ?
" simplifiod model to those predicted by the glimpse model. However,
5 ! attempts proved futlle hecause necessary data could not be extracted 3 ,
; l “ from films of moving targets in a natumal terrain scene. Suggestions for )
‘ alleviating this problem In future experiments of this nature were pres- !
i 13
‘ \ ented.
‘ The model which predicts single~glimpse detection probability
l melies heavily on a simplification {n the shape of the target. A complex g
I : multi~luminance target Is soen by the observer. However, no basic
1* -y contrast threshold data are available for such targets. Siuce the only \
1 available data are for circular targets of uniform luminance, it was
necessary to simplity the target shape somewhat by converting all rect- '
angular solidsa {nto spheres having ths same ¢ross-sectional area. It Is z
abvious that the obtlair’'ng of contrast-tiireshold data for complex objects ';
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viewed against non-homogeneous backgrounds {s highly desirable, since

valuas of contrast threshold for circular targets ars vary optimistic vwhen

compared with the contrast threshelds of the complax tragaet-scones.

In addition to this basic psychaphysical data on contrast thres-

holds, the conceapt of tha term “confusging forms" neads further examina-

tton. In Chapter 4, it was assumed that distinct objects in the display

attract the attention of the observer. However, this may not be the case,

since the obsarver may not select distinct objectis to investigate, but

instead may uso the total content of the scene to pertorm an orderly

search. No search data confirming the lattar supposition has been

found in the litarnture. An experiment to investigate this hypothesls

therofore geems advisanle.

The model predicting single-glimpse detection probabllity presentaed

in Chapter 3, Is completely general. lHowever, its most valld application

is for a clear bright suntit day. As the illumination or visibllity decreases,

some of the assumptions used to construct the model become untenable,

so further investigation of the model's validity in these cases is advis-

able bafore a direct extenslon |s made. These direct extonsions have

been discussed at tha end of Chapter 3.

Increased Interest has baan expressed by the military in the detect-

ion of militarily significant objects at night by either unaided or aided

(optical devices) vision. To extend the glimpse model to lov {ltumina-

tions, further study of the following factors would be necassary:

1. The concept of confusing forms. It seems loglcatl to
to assume that there are considerably mora forins in
the display which compaete for attention because detect-.

fon is so difficult at all but the shortest ranges if vision
unaided.

2. The fixation rate, which most likely changes with
{llumination lavel and possibly other factors,
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APPENDIX A

VISIBILITY DATA FOR THE SEMBACH,
GERMANY, WEATHER STATION

Figare A.1 indicates the change in meteorological visibility with the s

u,:): l’
—»’5; 'ﬂ’g
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L AR RN P SRR A B T E RN MY B, Bk Lot v 3 et e <

wonth of the year. Figures A.2and A, 3 illustrate the variation in meteorologi-~

Fyon.
ATy
‘uh

3,
L

oal vieibility with the time of day in the montha of April and July, respectively.

‘Thess figures were adapted from data supplied by the Air Weather Service

> m&;‘é ¥

(MAT%, 1988) for the Sembach, Germany, Weather 8iation. Similar data are
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e
s o ol
TG
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sesimbie for other weather stations., World wide visibility data has been com-

-;,::, 3
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piled by H, P, Dudel (1966, 1967) of the U,8, Army Missile Command. These
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dute are in the form of cumnulative distribution functions: similar to those shown
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APPENDIX B

DIRECTIONAL REFLECTANCE DATA FOR
REPRESENTATIVE TERRAIN FEATURE

et AT e bt ittt B 2 s I i S 0

Tables containing refivctance data for several terrain-features are
given in this appendix. The data of Table B.iwere iaken under an unobscured
maderately high sun (@= 40°). Values are given for different szimuth angles

6 of the path of sight relatjve to the sun and zenith angles ¢ of the path of

ARy

Similar, Sut much less extensive data axre given in Table B2taken

emder an overcast sky. Tabic B3 gives directional reflectances for dirt road

A ALy

whken the sun is close to the horizon.

The change in the reflectance with obscuration of the sun and changes
in the position of the sun in the sky can be secn from the data of Tables B. 4
snd B.5,respectively. The data of Table B. 4 for a ploughed, moist, sand-loam
sol}, indicate that directional reflectence decreases as the illumination be-
¢omes more diffuse (that is, as the sun {s obscured by a clond). The data
of Table 3.5 for a freshly ploughed dirt road, indicate that directional re-

flectance decreases as the sun zenith angle a decreases.
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APPENDIX C
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EXAMPLE OF THE DETERMINATION OF AZIMUTH

ANGLF QF THE PATH OF SIGI'I RETATIVE TO
SUN :
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Given the sun szimuth angle P and the chserver azimuth angle v, the
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agimuth angie & of the patl of sight relative to the sun can be caleulated from

£ y-P B
example

whorw the nagtor 3, &, and & are {llustrated in Figure C.1.An

Nustreting We calculation of & is given in Figure C. 1
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The distribution derived in Chapter 4 is a3 negative exponential with au

.

H-stage step function (s e (onditonal detection race and known luecation

parameters, If # total of n tndeperds. t cubjects have an opportunity te detect
v target. an analogy ¢an bedrawn between the detection phenomenu wd .
’

votiabithity aprlications, I reliabudity ternmanology, the equuv, il € suaition
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would e . mechanical 3ystens whose {ailure rotes & an equivalest Sty o

2

Recause of the unove corresponsdence . tlus model of Chapter 4 020 be gsed 1n
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f i W 1o deeew 2 2 be partitioned into N ¢ 1 yrongs as follows: -
: )
’ 1, obsevvery detset the targei ing T, T §
O 14 HIN v
: - I, - “ .
; v, cbeervere de.oct the target inf T, 7, .
: 1 LI R 1
1]
. ‘i
]
. -
o , kY
v, ohservers detect the target in l‘i, T'H § i Y
: e

:' i ~'

1 112




35

AF

la e

A

574 AR -
Wt diin LT A

—y 3"7"":« o e i v e .ot TR .
- Ll N BN A :

rN-1 obacrverys deie~t the taegat ln[ IN-I’ IN}

% oo
r n- ,l‘mub.-wrvom Jdetoct the tnnget lnl 'I‘N,OO'
n--y

Ths prahabtd ity Asuaity functon of dotection timas, given in Chapter 4 s,

fl -,\ t

Y 0 -~

, 0" , 0t l‘l

je )\Orl \qo '-Xl(‘-Tl) . ']“ <t (Tq
o Aol - Ny (Mg =T " =Ty g

i
2‘-t"1'8

pﬁ)-w .

-

An Ty = V(T Ty meee =N (T, =T A -T
STy tathy l-l)\w LU Ty,

i

" - \ .] - . Cnee t - ) -
Moty N Ty *N-2(TN- ) LBV B BB
|

5 -l 1Y
E Ty 7 1y
; 0 N
\
1 1
Pt tutingg \1 9 into this probuhility deuneity function, p (t) becownos
i

-~ ana 44y o

1'I‘ho maximum Jikalthood oglimutor of A, turns out to bo binand, thero

tere the rociprocal of \} {g tnkon sinow it iy unbluged (Clark, 1968).
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Agnuin o ‘ndependence of tae individual detection timos, the conditional density

(0) (0) 0 .

at oblear e the ordered ohservations tl y e s Y., miven r audt

o T,
1) 0
o, t()
' (0) L 8
Ji 4 @y O v, =t P o )
Plt ety NS £l - ¥ .
L e T
- ¥

wtlacly for the second time intevrval, the conditional density of olinining the

(1) (1 \1)

ordayved observations t. , ..., t glven vy and T, st 5’1‘2 is given by:

1 -
1
nof1 <="1T>"‘1\
a a jn1 0, ¢ d Ub}
P ye e oy ! 'r St (1) 5'1‘2, r. = T T
( 1 Ll' 1 } l) “_l ) T Tl\ 1
8o Lﬁ.o
e 1-e 1
¥ar the third time Interval,
& 2 @ .
P(tl ,.'.,trz ] Tz htj 13} rz

(2)
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g the natural logarithim of both sides and differentiating with respect to

&1(1=19000,N'1), we obtain
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3

3

,‘%j wioch satent in the wmterval 'Ti‘ 'I‘l '1) to vaise the avernge. Equation 1,2 is i
x g
. .. 14

&u entiaxde of the recyortocal of vhe conditional detection rive, )”i , Inthe time & :
4

et

imerval  T,, Ty 4q)s A proof that this estimate is wabiused 15 yiven heluw,
3

A
Arosukagsed esliantn, 6, a3 the property tha o expected value of

A

0 12 ugesl to the true value of tbe parameter 0 (Hogg and Craig, 1960), i.c.,

N
E{=0
Given k ordered observutions ESTRRRTE N of s items placed on test,

Johimson and Leone (1966) show that the distribution p (yk) of

k-1
3, - ?;]xi”s_]”l)’ﬁc (D.3)
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k

k-1
p Uk) = |2 Y © Mk . (D.4)
[t

which is (2>\)"1 times a xz with 2k degrees of freedom. In the case of the

i
maximum-l{kelihood estimator given by equation D.2, n - E:

=

r observers
m

are available for detection in the interval {'r‘. Tm}' and only 7, of them do

detect, If there are a large number of detection imes in each interval tg) .

the final detection time in (Ti, T1+1 ) approaches Ti+1' and equation D, 2,

the estimate of 6, , becomes

T-1

1-1
) ¢ -1y +l@-Y ry-r, +1 -1 (D.5)
. G, om g jglj i R ’
. " :

) i-1
which is of the same form as equation D, 3 with X, =(tlg) - Ti) , 8=(n-~ Z rj),

k= Iy snd X = (tg) - Ti)' Johnson and Leone (1966) also atate that thej cfmdi-
tional distribution of a quantity (x; - X) giveh X > X , is the same as the un-
conditional distribution of X;. Using this fact, tl.xe expected value of 6 ,
(Equation D,5) is gamma distributed, and

A
E@= 4Ty
l'i i

which proves the unbiasedness.
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