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ABSTRACT :

Mathematical models of target acquisition performance, as
representations of real world environmental situations, can be important
and powerful tools for use in the design of electro-optical imaging sensor
systems. To be useful, however, a model must predict accurately. This

means that a large number of potential parameters and their interactions

must be considered for inclusion in a complete model. Categories of
parameters include: the characteristics of the sensor, the display, the
atmosphere, the observer, the target, and the background. An examina-
tion of previous research and an analysis of the target acquisition process
suggests a simplified two-component model as a basis for the development
of a model capable of accommodating these parameters. The development
of the two-component model and the results of two eye-fixation experiments

which examine critical aspects of the model are presented in this report.
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INTRODUC TION

Mathematical models of target acquisition performance are potentially
powe rful tools for use in the design of electro-optical imaging systems.
The extent to which such potential is realized, however, depends upon the
accuracy and generalizability of the predictions made by the model, The
conditions encountered by operational sensor-display systems are highly
complex, and an adequate model must include the characteristics of the
sensor, processor, display, atmosphere, target, background scene, and
the observer. The unusually large number of parameters which the model
must ultimately include requires a logical and systematic approach to its
development. ‘

The present effort develops the foundation for such a model by
integrating a diversity of research literature into a mathematical framework
which is consistent with an analysis of the operator's target search and
detection behavior, The general form of the resulting multi-component
Markov model is outlined initially to provide an organizational basis for a
discussion of the steps which lead to its formulation. Following a
description of the psychological and physiological cvidence in support of
the model and a review of the mathematical aspects of a Markov process,
the model is simplified for initial verification. Finally, the validity of
the model approach is examined using data from two experiments which
recorded eye movements during target acquisition. Because of the limited
scope of the present research effort, an in-depth analysis of the experi-

mental results could not be accomplished. A preliminary consideration of
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the results are presented here with a wealth of pertinent technical data
deferred for future consideration, The data do, however, demonstrate the
validity of the approach selected and when fully exploited can be expected

to provide a basic model with good predictive ability.

Why Model?

An adequate model of the performance of a sensor-display system as
a function of the appropriate system parameters can be a powerful and cost
etfective tool for the system designer and the military strategist. The design
engineer continually faces complex decisions in the selection of the optimum
technical approach to be followed in the design of a new system. To make
such decisions it is necessary to consider the technical advantage, the cost,
and the expected system performance. With existing tools, most of the
required data can be readily obtained or approximated. The performance
of the operator using the system is the exception.

At the present time, data regarding the operator's performance must
either be guessed at or evaluated empirically using either an actual system
or a simulation of the system. Because of the time and expense of the
empirical evaluation, the designer must rely on guessing or severely limit
the number of alternative systems to be considered. In either case, the
probability of an optimum or even near optimum decision is low.

Using a model, a designer can determine the impact of a large
number of contemplated designs without the time and cost of building or
simulating the systems for test. With the model implemented on an inter-
active computer terminal, for example, the engineer could input data
regarding the characteristics of a candidate system, the manner in which
it was to be used, and the anticipated cost. The computer could use this
data and the detection model to compute and output the performance incre-
ment per dollar cost. In a matter of hours a large number of alternatives
could be explored and the optimum configuration retained for further study.
Without the model, the examination of the same alternatives could require

many years of effort.

2




If the model also reflects the characteristics of the underlying !
behavioral mechanisms, it is possible to identify those aspects of the
system and task which are the most difficult for the observer. Such !
knowledge provides the necessary information to allow effort to be con- |
centrated on those parameters or procedures which will result in the
largest increase in system performance. As an example, knowledge of the

influence of the displayed scene content on observer performance could

provide invaluable direction to the development of highly effective and
efficient image processing techniques. A strategist might also exercise
the model with parameters representing an existing system under a variety

of tactical situations to assess the best method of deploying the system.

Modeling Approaches

As with any complex problem, more than one approach can be taken
to the development of a mathematical model of target search and detection.
The optimality of an approach depends upon the ultimate goal of the model.
If the goal is to obtain a short term model which predicts to a limited set
of specific conditions then a data fitting prccedure may be the best approach.
On the other hand if the goal is to ultimately obtain a model capable of
performing the functions outlined previously, then an alternative approach

may be required., These alternative approaches are explored below.

Equation Fitting Approach. Most existing models of target acquisi-

tion have used data fitting approaches to obtain equations which predict

the probability of detection as a function of time. These models are generally
based on a Poisson process(24) of the form P(t) = lfn(l - e—t/T) because the
shape of the resulting curve is similar in shape to the observed probability
of detection as a function of time. The parameters Py and T depend upon
certain system parameters and are empirically dete rmined using curve
fitting techniques. Models of this type have been successful in predicting

(72)

performance for abstract targets and for simple or uniform background




conditions. ' 3y 5%) However, these models do not generalize to the pre-

diction of performance with realistic, complex backgrounds. i34

Because the number of potential scene characteristics can be large
and their effects varied, the two parameter model described above may not
be capable of describing the observed behavior. For example, Figure 1
plots the cumulative probability of corr(esc‘*t)detection as a function of time

for two of the conditions from Scanlan, As can be readily observed, the

shape of the cumulative probability curve for the more difficult high
complexity scene, low target-to-background contrast condition is much
different than the curve for the low complexity scene, high contrast con-
dition. Three parameter models such as P (1 - e’(t/r)k) or

) =5 S e—t/T) (1 - e't/r Z) may be necessary. This latter form will result
in a cumulative probability function similar to the top curve of Figure 1

as 1, approaches 0 but will resemble the lower curves as T, departs from 0.
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Figure 1. Cumulative probability of target detection
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In addition to a change in the equation form, a tremendous amount of
new data would be required if the final equation is to predict to a large
number of conditions. A list of the variables and parameters which con-
ceivably might influence performance, and hence, should be included, rapidly
becomes very long., Fasily 50 to 100 variables might be considered, If

cach were examined at only five levels, an incomprehensibly large quantity
of data would be required to examine all possible combinations of each
variable at each level,

Extensive use of screening studios(b” and considerable expert
judgment might reduce the number of variables to 25. As suming the
judgments were all correct, data could be collected on the reduced set of
variables and used to fit the model., Further, if it can be assumed that
most of the variance of interest is in the main effects and second order

(11,12,16,60, 74) g
sampling

interactions, Response Surface Methodology
procedures could again reduce the data requirements by several orders of
magnitude. FEven with these reductions, the total number of observations,
assuming five levels of each variable, would still be approximately 3 quad -
rillion or 3 million million.

Imagining for the moment that such data, or a subset, could be
obtained, the resulting equation would only be an approximation and would
be limited to the specific conditions examined with a very low probability
that the relationships obtained would hold for any case not specifically
examined. Thus, each new technological development could require a new
and massive data collection effort, because it is not possible to know or
even guess with any certainty the performance to be obtained from a system
not examined in the derivation of the original model. As a result of the
gross inefficiency of the direct observation and curve fitting methods and
the inability of the resulting model to accommodate changing technology,

missions, and environments, those methods are woefully inadequate.




An Alternative Approach. The equation fitting approach assumes

that little or nothing can be known about the human operator and the under-
lying causes which lead to the observed behavior, This assumption is false.
The human is highly complex and is capable of a wide diversity of response
to what often appears to be identical situations. This, however, does not
mean that the human must always be considered as a black box whose inner
workings are never to be fathomed. On the contrary a great deal of
psychological and physiological evidence has been obtained which provides
an insight into the manner in which information is processed in the human
perceptual system.

An application of the knowledge concerning human perception can be
a powerful method of reducing the large number of potential variables to a
few critical ones which reflect the information used by the observer when
engaged in a search for a target. If variables such as target-to-background
contrast, sensor and display resolution, field-of-view, target type, and
scene characteristics, to mention only a few, could be integrated into a few
underlying informational content variables, the problem of developing a
model could be greatly simplified. These system parameters affect the
amount and type of data from which the operator may extract relevant
information. The operator does not particularly care how the data was
obtained but only that it contain the required information. Because the
operator is concerned about information, variables which describe that
information should be the appropriate ones for a model of operator per-
formance. The many system variables would then be transformed in terms
of their affect on the information available to the operator.

If these underlying variables also reflected the characteristics of
the observer, then it would no longer be necessary to obtain new data each
time technology produced a new system capability., The characteristics of
the new system would merely be cast in terms of the underlying variables
and the model exercised with these inputs. It may still be desirable to

confirm the predictions of the model; however, only a few specific

-1’!




conditions need to be examined to insure that the model continues to
predict to the new combinations of conditions.

A modeling approach which considers the information processing
characteristics of the human perceptual system is pursued in the present
effort, This more general and more powerful approach is based on an
analysis of the operator's task and integrated into a mathematical framework
with cleady defined and testable components. The model provides a means
for appropriately representing and incorporating both the processing states
and the sources of information characteristic of the target search and
detection task. The multi-component model and the rationale behind it are
briefly outlined in the next section., This brief description is followed by
a detailed examination and integration of the available literature which lead

to the model.

Multi-Component Model

Initial evidence for a multi -component model was based on a compari-
son of the operator's performance under uniform background conditions and

(54)

under complex realistic conditions. On a static monochrome display
with a stationary target, detection and recognition can be accomplished along
only two dimensions: luminance and spatial. In the case of a target located
in a uniform background, the luminance factors will predominato, because
there is no need to discriminate shape characteristics of the target. How-
ever, a target located in a real-world background must be detected on the
basis of both luminance and spatial characteristics.

The shift in relative importance of spatial cues can be seen in
Figure 2 which presents the interaction of displayed resolution and background
type on the time required to detect a vehicle target. With a uniform back-
ground, display resolution had no effect, while with realistic backgrounds,
a variation in display resolution resulted in a better than two-to-one change
in time to detect., Clearly, the importance of spatial detail was minimal
when the target was located in a uniform background but was of considerable
importance when it was necessary for the target to be discriminated from

conflicting objects with similar characte ristics.
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Figure 2. The effects of background and display
resolution on the time required to
detect a target (from 54)

This interaction of background type and display resolution can be
interpreted as evidence for a multi-component model of target search and

(54)

detection, Data from other studies also lend support to this interpre -

tatinn.‘n'.m) Although, the hypothesis requires further examination, such
a multi - component conceptualization does reconcile much of the observed
data. Further, it separates a complex task into behaviorally meaningful
parts which can be investigated individually to determine the effect of the
input data and the task to be performed. The potential benefits of the
approach are sufficient to justify further elaboration of the model and an
investigation of its accuracy.

A multi-component model of target search and detection, based on
an analysis of the task and existing literature, is graphically presented in
Figure 3 as a Markov Process. The model includes four processing

components or states which have a number of transitional probabilities

(qi;) associated with them. Two terminal absorbing states represent the
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Figure 3. Multi-component Markov process
model of target acquisition.

final response outcomes., As shown, the process always begins in the
orientation state, and re-enters the same state or transition to another
state at fixed time increments. Transition probabilities are a function of
the large number of variables that can affect detection performance and
are assumed to remain constant over time. The cumulative probability of
target detection as a function of time is obtained by considering all the
possible paths to the correct response state and the time required to
traverse those paths.

The four processing states are called orientation, search, examina-
tion and decision, and are defined as follows:

Orientation is an initial processing of large and salient

characteristics of the scene. Under realistic conditions,

orientation would consist of a brief, wide-angle look at dominant

terrain features such as roads, trees masses, lakes, and fields

which form meaningful patterns and gross relationships. These
result in a global search strategy.

Search is the processing state in which sub-areas of the scene
are examined by short eye fixations on objects likely to be targets.

Examination is the processing state in which an object selected
as a potential target is scrutinized in greater detail to determine
if it is a target.




Decision is an internal state in which previous information
obtained from observation of the scene is compared with known
information, a subjective response criteria is applied, and a
response choice is made,

From the decision state, two possible response states can be
reached: correct or incorrect. Two responses are possible from the
observer for each of these terminal states. The observer may respond
by selecting an object as the target. If he is correct he has made a hit,
Conversely, if he is incorrect then the response is a false alarm,

Similarly, the observer may respond indicating that no target is present,

If he is correct, this would be termed a correct rejection. If he is
incorrect, the outcome would be a miss.

As illustrated in Figure 3, the multi-state Markov model is highly
adaptable to the complex target acquisition situation. Given that states
are defined with valid and invariant cha‘racteristics, the model provides
for alternative paths and sequences such that states may be repeated,
skipped over, or entered in varying temporal order. The model also
allows for expansion by systematically expanding individual states into
sets of sub-states. For example, search is a likely candidate for
expansion into a set of sub-states representing search within specific
types of scene areas. In an expanded model, the set of transition
probabilities into and out of the sub-states would replace the overall
transition probabilities into and out of search as a whole. The validation
of the basic component states, followed by an expansion of each state
systematically provides a logical approach necessary for the development

of a model of target search and detection,

General Approach

In the following sections, the several steps in the development of
a preliminary multi-component Markov process model are presented.
First, a review of the available literature on perceptual processing is

combined with an analysis of the operator's task to provide a framework




I

which relates the search and detection task to measurable and behaviorally
meaningful variables. Second, a simplified two component model is
developed for initial experimental evaluation. Third, two experin“tents
which used operator eye fixations on the image as a method of measuring
the probability, sequence, and duration of the processing components are
detailed. Fourth, a preliminary evaluation of the model and approach is
presented which confirms the validity and strength of the approach. Finally,

directions are suggested for future research and model development.
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HUMAN INFORMATION PROCESSING
AND TARGET ACQUISITION

The perceptual information on which operator performance ultimately
depends is not a direct function of the data input through the sensory
mechanisms of vision. Rather, it is a complex function of the input data,
processing mechanisms, and operator expectation as indicated sche-
matically in Figure 4. Because the perceptual information used by the
operator represents a highly processed and transformed subset of the
total input data, the development of a model capable of adequately predict-
ing performance in realistic situations must begin with a consideration of

the perceptual information relevant to target search and detection.

EXPECTATION 3
3
4
INPUT DATA PROCESSING » PERCEPTUAL
MECHANISMS INFORMATION

Figure 4. Aspects of perceptual data processing,

An identification of relevant information requires a consideration
of both the processing capabilities of the operator, as they are currently
understood, and the task. Further, because the processing required to
obtain the necessary perceptual information changes with the expectation
of the operator, this internal source of information must also be considered.
In the paragraphs which follow, input, expectation, and processing
characteristics will be examined in the context of the target search and

detection task to yield hypotheses concerning the relevant perceptual

13 ' '
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information. These hypotheses will then be integrated into the multi-

component Markov model.

Input Data

A portion of the visual world as it impinges upon the eye is the input
data. More precisely it may be defined as the objective physical temporal
and spatial variation in luminance intensity. In the most general sense the
input data is the total data required to reconstruct a physical real world
situation and will be a function of a large number of factors. If a sensor-
display system intervenes between the world and the observer, the input
data becomes a function of the sensor, display, and sensor-to-display
transformations as well as the characteristics of the objective world. A
complete description of the world, obviously, requires an incredibly large
quantity of data and only recently have serious attempts at a description
been considered. %)

Although a complete description of the world might be possible, it
may not be necessary. Because the operator processes the input data to
extract a sub-set of the original data, it may be adequate to describe only
those aspects of the world which are relevant to the operator as he performs
the target search and detection task. Existing detection models(g’ S0 et hal
implicitly recognize this fact by selecting only certain aspects of the world
for inclusion in the model. Similarly, the research directed toward the
problem of describing realistic scenes for operator modeling and computer

(3%582,37, 41, 50,69) have concentrated on only certain aspects

recognition
of the scene. The aspects selected, however, are not necessarily those
of importance to the observer. Clearly the requirement is for an under-
standing of the perceptual information extracted from the input data. This

requires an examination of the processing capability of the operator.

Perceptual Processing

Evidence from both the neurophysiological and psychological
literature make it clear that the perceptual system extracts features from
the input data and that these features are the building blocks from which

perceptual information is constructed. Vi RERR IRy ey O MEG Ty 5y 250
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A review of these studies is beyond the scope of the present effort. How-
ever, it is generally agreed that features such as intensity, size, color,
retinal location, orientation of long axis, spatial frequency, acute angle,
line length, and motion are extracted from the incoming visual stimulus.
Physiological evidence also exists which suggests a hierarchy of

(30, 35,52)

feature processing. Low-level features such as size, contrast,

color, and retinal position are relatively automatic in their coding, require
little processing time, and are extracted at the more peripheral areas of

the visual systems. High-level features which may be composed of several
components, such as edges and angles, usually have high spatial frequency A

(44, 56,57) : : - :
components, require foveal processing, and increased time for

(36)

their extraction, These high-level features are most likely extracted
at the visual cortex.
The extraction of features from the input reduces the amount of

data dramatically and codes it in a more useful form. However, the feature

set requires additional processing to become perceptual information. The
features must be selected, ordered, weighted, and combined in a meaningful
way. The logical basis for constructing perceptual information from

features is a function of expectation.

Expectation

The information available to the operator through memory is called
expectation., Expectation is a function of the experience and normal perceptual
development of the operator, as well as specific briefing before the task. It
can be reasonably assumed, on the basis of past research, that the population
of normal adult operators shares common rules for decoding realistic scenes.
These include: perspective rules that map three-dimensional objects onto
two-dimensional displays; segmentation rules which separate discrete
objects from the background; and relational rules for arranging objects

(13,22, 57,43, 53)

within realistic scenes. Briefing adds specific information

about the target, terrain, mission, sensor and display, and response criteria

Satt fa ik 55
within the specific target acquisition task, {ele DlarSi
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I'he perceptual system uses expectation and the feature description

of the input data to construct perceptual information. The stimulus data will
be used to the greatest extent possible consistent with expectation which
governs the construction process. If stimulus information is inadequate,
the construction process will supplement the stimulus material to provide a
reasonable organization., If the input data is conflicting when considered

in the context of the subject's expectation, then some data will be rejected

or distorted.

Perceptual Information in the Scene

An identification of categories of information within a complex,

realistic scene can be obtained by asking observers to describe those

characteristics of the scene which might make target detection easy or
difficult. On the assumption that subjects share common expectations

in this situation, the objects identified can be expected to represent the

categories of potentially relevant perceptual information.

(

In a previous research program, ¥y 12 subjects provided opinions

as to which scene or target characteristics would aid or hinder detection

of the target. A distillation of those responses yields four categories of

scene information: target, clutter, context, and texture. Each of these

can be described in terms of feature characteristics and expectations.

Target. The target will have a set of perceptual features similar to any

complex visual pattern. TR G s

Considerable target acquisition
research has been directed toward identifying relevant target features with
(9, 34)

Under

realistic background conditions, these features may not be sufficient.

emphasis on the low-level features of size and contrast,

Detection is considered a correct response indicating that an object is
located in the scene; however, realistic backgrounds introduce many non-

target objects, requiring additional discrimination between target and non-

, targets. Therefore, even in detection tasks, the target must have some high-
level features which distinguish it from non-targets. The number and type
16
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L of features processed under these conditions requires further study. It would

be expected, however, that characteristics such as specific shape or outline,
(54)

F i internal detail, and internal modulations are likely features.

Clutter. Clutter is, collectively, those objects which are detectable
and share some features with the target, In general, clutter and a target will
have similar low-level features but will differ on some high-level feature
characteristics. The number of common features between target and

clutter, the proximity of clutter to the target, and the number of clutter

objects are factors which can influence detection performance.

The number of clutter objects in controlled abstract studies can

(45)

account for as much as 97% of the variance in the data.

2

Significant

effects of number of clutter objects on time to detect ) and probability

(73)

of detection have been found in target acquisition studies. The number
of clutter objects is used as a background parameter in several target
acquisition models including GRC and MARSAM models;(65) however, the
density, or number of objects per unit area may be a better predictor of

et Clutter objects close to the target have the largest effect
(9, 34, 73)

performance.

on performance.

Similarity is a function of the number of features shared by clutter

(20)

and target and can have a major effect on performance. Low-level

features such as size and contrast are the most commonly measured

(8,14,29,34,62)

features, Objects having a size range up to four times

i Shape, or

the actual target length are likely to affect performance,
high-level features have not received as much systematic investigation,
particularly for tactical vehicle images. In general, the shape features

which have been studied include a geometric category (circle, square,
)(45, 62, 12, 73)

components, i

rectangle , and the number and relation of linear and angular

.
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Context. Context relates to those terrain objects or areas which have
a systematic and meaningful relationship with target location. For example,
roads are context objects with a very strong functional relation to tactical
vehicles, and detection may be a function of the proximity of the target to roads.
Roads and most other terrain objects are usually of low spatial frequency
and are not likely to be confused with targets, Normally, context objects
seem to facilitate the search process, because they offer the operator
information about areas where targets are likely to occur, and also areas
where targets are not likely to occur, thus, indicating areas the operator
should reasonably search or ignore. Context objects may have widely
varying photometric characteristics but their effect on target acquisition
is a function of the logical rules related to expectation,

The concept of context has been included in some analyses of target

C C
(i 20y 23] LLocation constraints or areas likely to contain

(73)

acquisition,
targets affected probability of detection and areas likely to contain
targets interacted with amount of clutter in predicting total time to

4] Othe r studies have reported very little difference in perform-

detect.
ance as a function of context. Whittenburg, Schriber, Robinson and
Nl)l‘dli(‘(7l) did not find differences in performance when targets were
placed in open areas as opposed to targets placed near terrain features.

(40)

Krebs and Graf found only a small trend in performance with respect
to percent usable area within the scene.

These conflicting results argue for further clarification of the
concept "areas likely to contain targets,' and the type of context features
which have the greatest predictive effect on performance. As an example,
a tactical vehicle such as a tank has very clear performance limitations

(67)

with respect to terrain, If the tank's grade ascending limit is 60 percent,
areas with steeper grade may be eliminated from search, If the tank has
limited fording ability, it is not likely to be found near water. The perform-
ance characteristics of the target are well-known to experienced personnel

and contribute to the observer's expectations.
p
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The effects of pattern and masking can be included in context. It

has been found with eye fixation prediction models that certain geometric

patterns are more likely to be fixated than others. For example, ends of

straight lines, vertices of acute angles, and intersections of straight lines
d(49. 50, 64, 77

are very likely to be fixate Targets placed with respect to
various geometric patterns created by roads, treelines, rivers, etc., may
be detected partially as a function of such pattern effects. While not true
logical context effects, geometrical patterns have been included, because
they relate to terrain features. It would be predicted that acute angles,

i right angles, obtuse angles and straight lines will elicit fixations and will,
therefore, have significant effects on detection if targets are located near

g these terrain features. Open areas, irregular surrounding areas, and
locations contrary to geometric pattern effects should not elicit fixations and
may result in a performance decrement. The masking of targets by terrain
features which occurs when the terrain is viewed from low altitude can also
significantly affect performance. Eh ety R

The target acquisition literature suggests several candidate type of

context objects, Roads, open fields, bridges, lakes, forest edges, and

KE5 0, S 950 06) The research on

(3)

man-made objects have been considered.

the automatic recognition of terrain features such as fields and overall

(69)

terrain type may ultimately provide additional insight into the

characteristics of context.

Texture. Texture refers to areas with relatively uniform or recurrent
elements of high spatial frequency and low modulation. (8 54 The effect of
texture on performance is expected to be relatively small, and will not be con-

sidered further at the present time.

Scene Information and Target Acquisition

s i 3

The previous discussion considered the influence of object features

and expectation on the perceptual information in the scene. These aspects

of perception can be related to the four states of target search and detection

w.‘
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given in Figure 3. The four stages - orientation, search, examination,
and decision - are states in a Markov process which may be entered

sequentially or iteratively.

Orientation. The initial input of low-level, global scene features
with rapid eye fixations over a large area of the scene characterizes orien-
tation. The average eye fixation for an operator scanning a display is
approximately 300 msec. The rapid scanning over a wide area which is
typical of picture processing at the beginning of a task( i is an indicant of
orientation, The outcome of orientation is a simple global scene description
and a general strategy for searching selected areas. Expectation and con-
text are predicted to be the major influences on orientation. Although
orientation determines much of the sequence and probability of fixations
during search, it is expected to be relatively brief and constant across

conditions,

Search., The rapid fixation of areas and objects in the scene accord-
ing to the search strategy developed during orientation is called search.
Objects are briefly fixated during search and low-level features are
extracted. Objects having a number of low-level features in common with
the target will elicit a transition to examination; objects not having the
relevant low-level features result in a continuation of search. The number
and type of clutter objects can be expected to have a major influence on
search, Because the duration of each fixation is only 200 to 400 msec,

feature extraction is limited to low-level features.

Examination. The high-level features of candidate target objects

found during search are extracted in the examination state. If the candidate
target object has the relevant high-level features, a transition to the decision
state occurs, If the high-level features are not found, search is resumed.
Fixations in this processing state are confined to a small area around the
candidate target, and the total duration of these fixations will be longer
than the nominal 200-400 msec characteristic of search.
20
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Decision. The high-level features extracted during examination are
interpreted according to expectation and a decision to make a response or
continue search or examination is made. If the decision is to respond, then

the selection of the appropriate response is also made in this state.

Mathematical Model

One obvious and well-developed mathematical representation of a
process involving probablistic transitions between states is a Markov model.
This model characterizes systems where the conditional distribution of the
random variables is independent of the past history of the system. That is,
the system does not ''learn,' This characteristic manifests itself in this
model in the assumption that the transition probabilities from state to state
do not change as a result of the past behavior of the system. Although
this assumption may not be strictly true, it provides a reasonable starting
point, and any inadequacies will become evident as the model is exercised
in an experimental setting.

The Markov model is also attractive in that it can be treated at
varying levels of complexity. The simplest approach, a first-order Markov
process, is to assume that transitions from one state to another occur
randomly and follow a Poisson distribution. Such an approach is shown
in a subsequent section to result in a linear differential equation.

The Markov model is, however, capable of handling more complex
processes. Varying levels of "memory' can be introduced, such that the
transitions can be functions of the state of the system for the previous n state
occupancies, where n can be any chosen value.

The end product of this model is a cumulative probability of a correct
detection as a function of time. This distribution can be obtained from the
model in various ways. The first-order model, possessing an analytic
solution, can be solved directly as a continuous function of time. Alter-
natively, the solution can be discretized in time, with the state of the system
at time t + At being dete rmined by multiplying the state vector at time t by
the transition probability matrix. These evaluations will necessitate the

use of a digital computer.

21
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VERIFYING THE MODEL

To test the model, it is necessary to estimate the Markov model
parameters on the basis of operator behavior as a function of task variables.
The monitoring of eye fixations on the scene during target search and
detection is an appropriate method. The use of eye fixation measures is
supported by results reported in the research literature, and such
measures provide the necessary duration, sequence and probability
estimates required to compute the Markov model parameters. In this
section, the properties of eye fixations will be reviewed, the modifica-
tions of the multi-component Markov model into a two-component testable
format will be presented, and the plan for two experiments will be

summarized.

Eye Fixations

It has long been established that individual eye fixations with
respect to specific areas of the scene are good indicators of the information
which is sampled by the operator during target search and detec-
tion, a8y Sl ARy 23 50y K] Eye fixations are a function of the size and

) and their relative importance with respect to the

contrast objects,
(1,26, 75) o S
task, Targets elicit more frequent fixations than non-targets,
and complex targets more than simple ones. Often in target acquisition tasks,
(40)
The

number, type, and variety of clutter objects in the background also affect

the target is re-fixated several times before a response is made.

fixations. For example, if clutter objects are all different, more fixations

are required to detect a target than when clutter is essentially homo-

(45)

geneous.
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Overall distributions of eye fixations over a variety of scenes

demonstrate some consistent trends that are independent of scene content.

For example, eye fixations are more widely-spaced the larger the display

(40, 70} There is also a trend toward

fixating the center of a display rather than the edges;(g) and the lower third

size and the closer the viewing distance.

of the display which represents closer objects when real terrain is dis-

27

played.( )
Fixations are not uniformly distributed over a realistic scene

during target acquisition. KEven when the task is only to look at the

(49)

scene, certain areas with high information content are selected for

fixation and other areas are ignored. The nature of the task and the

immediately observed characteristics of the target strongly influence the

(75)

fixation pattern, For air-to-ground target search and detection,

Snyde r(63)

reported that from 80 to 90 percent of all fixations were
restricted to 5 percent of the available scene area. The selectivity of the
eye fixation patterns supports the view that eye fixation measurement may

serve as a method of dete rmining the type of information that is processed

and may be applied in a model of processing components,
Eye fixations have several characteristics which may be applied
to advantage in a Markov process model. They vary spatially as a
function of information. Fixations also vary in their temporal
characteristics such that the sequence, duration, and frequency of
] occurrence may also be measured. Although the instrumentation required
to measure eye fixation variables has been, until recent years, extremely
difficult to obtain, accurate point of regard systems are now available.
Another characteristic of eye fixations which is potentially important
in modeling target search and detection is the size of the information input
3 area that is active with each fixation, It is generally understood that the
foveal lobe area subtending about 1 to 2 degrees diameter about the visual
axis is the primary source of information input from an individual fixation.

However, through selective attention and varying information demands, the

WE——

actual Data Input Area (DIA) at any point of time, may change
(4,24,49,76)

significantly, An average DIA, or lobe area is employed in

this initial modeling effort, and it is the lack of DIA assessment methods
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which requires an initial simplification in the multi-component Markov

model.

Simplification of the Model

The multi-component Markov model includes four processing
states: orientation, search, examination and decision. Using eye fixation
measurements, it is possible to operationally define each processing
state. These operational definitions then direct the modifications that
should be made in simplifying the model.

The two states which are difficult to assess experimentally are
orientation and decision. The operational definition of orientation would
include a relatively short average duration and a very large lobe or
DIA. Orientation is by definition the state associated with
the first fixation, but subsequent fixations may also be in that state.

Since there is no easily implemented method of measuring DIA, orienta-
tion at present should be combined with search, Orientation and search
share a short average duration characteristic; and orientation is relatively
short and constant in its overall contribution to performance.

Decision is also difficult to measure, since it includes by definition,
the internal process of response selection. When the decision to be made is
relatively simple and the number of alternative responses are small, the
decision process will be short and its contribution to performance relatively
constant thereby allowing it to be combined with examination.

The simplified model is illustrated in Figure 5 as a two-component
Markov process model with two terminal absorbing states representing
correct and incorrect responses. The model includes a search state and
examination state, defined by their different temporal and informational
characteristics. Search is characterized by short duration fixations while
examination fixations are longer., Examination fixations include repeated
fixations to an area, as well as clusters of sequential fixations in a
common area. Overall statistics of eye fixation duration do not necessarily
demonstrate the two component distributions. The model must be tested
by determining where the fixations occur, and whether individual fixations

are short or long.. .

2
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Figure 5. Simplified Markov Model of target
search and detection,

Markov Equations

The derivation of the mathematical model of the Markov process is
straight-forward. Figure 5 represents a four-state, first order process in
which the probability of a transition from state i to state j is denoted by SHE
It is assumed, at this stage of the modeling effort, that the probability of a
transition from one state to another is a Poisson process. In a Poisson
process, where §t is small, the probability of a transition in a time interval

ot is proportional to 6t. Thus, if the system is in the ith state at time t,

the probability of jumping to another state at time t + 6t is 6t/p;, where p;
is the mean duration spent in the ith state.

If a transition occurs, it will take one of several paths, represented
by 9 j- The probability that the system will be in state j at time t + 6t is
thus 1/p; 6t 9y Now let x;(t) be the probability that the system is in
state i at time t. It will still be in state i at time t + &t if it does not undergo
a transition (with probability 1 - l/pibt) or if it was in another state j and

has a transition into state i. The latter is expressed by
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Writing these expressions for all systems states leads to the expression

for the state probability function at time t + 6t, namely,

o Fot) | SEER SIS T i ¥
X, (t - " t ™ .tqZl e xl(t)
t+6t) L st f ol 5t .

Xy B e B Tr‘;_‘f’t By btdqy | | xp(E)
X (t+68t) x_(t)
Ln = L J L B .J

In the limit, as 6t goes to zero, this becomes the differential equation

-g-;i = Ax(t), to st,
where the coefficient matrix A is given by
ik 1 1 ]
BT By ‘el By st
s :12‘ a2 ‘;l; El;qn
i - |
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In this derivation no mention was made of the characteristics of the

parameters p | or ;e Although these may be (and probably are) functions
of time, considerable experimental data would be required to determine the
form of such a variation. A first approach toward fitting the experimental
data would be to assume that the oy and qij remain constant over all t; under

this assumption the differential equation has the solution

At - to)

X(t) = X e » t 5 tl ‘
o (]

with X(t ) = X . This is probably the simplest mathematical representatian
of the model that retains the integrity of the parameters.
This differential equation can be approximated numerically with the

) aid of a digital computer. An initial state vector (X(0)) is entered and

multiplied by the transition matrix containing the p ; and qjj- The vector
resulting from this is again multiplied by the transition matrix to dete rmine
the state probability vector after two time steps. This process is continued

until some correct decision probability criterion is reached. The solution

generated in this way contains a record of the probability that the observer .

will be in each state at any time t. }
Specifically, the continuous time Markov process may be approximated

by an equivalent discrete time process as follows: Let |S| be a row vector of |

probabilities of state occupancy.
IS| = ]S, S, S5 S4l ;

and let |T| be the matrix of transition probabilities where row indices
represent the current state and column indices represent the state at

time k+1. vl
i 991 %2 Y33 Y4

921 92 923 94

o
—
n
T .
[,

9351 932 933 YG3q

941 942 943 94

1




Then |S| at k+1 will be equal to |S| at time k time |T|.

8l oy = Isl W AT

For the Markov process of Figure 4, |T| simplifies considerably

because a number of the transition probabilities are either 1 or 0,

e T 0

F20 Sz Rza . Ry

0 0 1 0

0 0 0 1

The remaining transistion probabilities can be determined from the eye

position data

Divide the time base into arbitrary intervals.
For each interval determine the state,

Count the number of transitions from state i to state j, for all
i and j assuming transitions only occur at end of each time
interval.,

Compute qi; by dividing the number of transitions from state i
to j by the total number of transitions from state i. For example

Se

Mz "N N __
ss se
where
Nse = number of search to examination transitions
Nss = number of search to search transitions
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lhe cumulative probability of a correct response as a function of

time can be obtained by iteratively solving

: Sk
ISl ,, = ISl

and plotting the value of §, at each iteration.

Experimental P lan

The simplified Markov process model was evaluated under two types
of stimulus conditions using eye movement measures. Abstract scenes
provided highly-controlled features for all objects in the scene and
eliminated context information. Realistic scenes provided more complex
and variable features for all objects, as would occur under natural conditions.

The focus of the initial tests was on the validity of the underlying
assumptions about object features, processing components, and expectations.
There was a direct correspondence between the types of object features in
the Abstract scene experiment and the Realistic scene experiment. The
objects used in the Abstract scene experiment were based on the features
extracted from actual tactical target images, and it was expected that the
effects of those features on the two major processing components would
generalize to the realistic conditions. In the following sections, the two
experiments are presented, and the preliminary results as well as detailed

plans for a complete model evaluation and analysis are presented.
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ABSTRACT SCENE EXPERIMENT

Introduction

The abstract scene experiment examined the basic feature processing
components of the simplified two—stag:e Ma rkov process model under con-
trolled conditions, while maintaining ‘maximum generalizability to target
search and detection under realistic conditions. Manipulation of input data
and observer expectation provided a means of assessing the impact of object
feature perception on the target acquisition process. The stimuli were con-
structed to maintain many of the i!":hporta.nt characteristics of real targets
and clutter, thereby making it poésible for the results to contribute to an
unde rstanding of the perception of real scenes.

The experiment manipulated two of the four aspects of input data,
target and clutter, as well as observer expectation. Five characteristics of
target and clutter were systematically varied: size, contrast, orientation,
contour, and internal brightness modulation. The first three were global
object characteristics of relatively low spatial frequency content and were
expected to be processed perceptually as low-level features. Contour and
internal brightness modulation, on the other hand, contained higher spatial
frequency data and could be.expected to elicit a relatively detailed examina-
tion for their perception, thereby qualifying them as high-level features. As
will be discussed later, the target could always be determined on the basis of

its specific high-level features.
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The degree of pre-trial knowledge concerning the low-level features of
the target to be detected provided two levels of operator expectation. As
presented earlier, expectation is the sum of general life experience, specific
training, and a priori knowledge concerning the task being performed. In the
present experiment, the nature of the abstract scenes minimized the impact
of prior life experience resulting in observer expectation being primarily
determined by the briefing information given prior to each experimental trial.

Context and texture were excluded as input data sources from the
abstract scenes to allow a critical examination of the effects of target and
clutter characteristics and observer expectation. Because context can have
a major influence on the general search strategy developed during the initial

orientation stage of perceptual processing, its inclusion in the present

experiment would have, at best, made the assessment of target and clutter
feature effects considerably more difficult. Further, the addition of context
would have increased the relevance of prior experience which would have been
confounded with the experimental manipulation of target briefing specificity.
Finally, context is more appropriately investigated in a separate experir:2nt
which builds upon the results of the present investigations. Texture was also
not considered in the present study because of its relative unimportance
compared to the other aspects of input data.

The data from this experiment were intended to allow examination of
four major questions related to the processing components of the two-stage
Markov model. First, does the model adequately describe the obtained data
when the transition probabilities are determined on the basis of the sequence,
pattern, and duration of eye fixations on individual objects? Second, is there
evidence for a hierarchy of feature processing when searching for the target?
Third, does the perceptual processing change when the low-level features of
the target are known a priori? Fourth, do high-level features elicit detailed
examination? The latter three questions were examined using the number
and duration of fixations on objects as a function of their feature characteris-

tics.
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Method

The eye positions of 10 observers were recorded as they searched
F y

-y

2T abstract scenes each containing a specific target and 27 clutter objects.

larget objects had one of nine combinations of low-level features and a

!

single set of high level features. Kach clutter object was one of a possible
2 1 |

81 consisting of 27 combinations of low-level features and the three sets of

non-target high-level features. The 10 subjects formed two groups of five
4 subjects each. One group received a general briefing which described the
high-level features of the target. The second group received a specific
briefing prior to cach trial which added information regarding the low  level

features of the target.

bl Experimental Design. A mixed factor factorial design was employed

to assess the effects of two briefing conditions, nine targets, and 81 clutter

” feature combinations, The factorial combination of three sizes, three

l contrasts, three orientations, and three sets of high level features resulted
i in the 81 possible clutter objects.

[ Ideally, all 27 combinations of target low level features would have
occurred with each possible clutter object resulting in 27 images with one
target and 81 clutter objects each. The number of images would have been
acceptable; however, a total of 82 objects on a single image would have
resulted in an unacceptably high density. The number of objects per image
was reduced by blocking the clutter objects into three sets of 27 each. The
objects in each block were dete rmined using a partially balanced factorial
design (Kirk, 1968, 1, *"\(»)(40) with the third- and fourth-order statistical
interactions confounded with block, )

Blocking in this manner allowed all comparison between target and
clutter conditions to be made, but a complete replicate required three images '
per target. FExamination of all 27 targets with three images per target would
have required a total of 81 trials and three experimental sessions per subject,

A further reduction in the design was made by reducing the total number of
targets to nine, The selected targets were the eight combinations of extreme
values of size, contrast, and orientation plus the mid values ot these three

low - level feature variables,
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Ihe final design had two groups of five subjects; each group viewed
a total of 27 images with one of nine possible targets and 27 clutter objects,
L Over the 27 images, each subject observed every possible clutter object with
all nine possible targets. Briefing was a between-subjects variable with one
group receiving specitic target information and the other group receiving

only general target intormation,

Stimuli. The target and ciutter objects were systematically
i abstracted from photographs of actual vehicles to retain as many realistic

characteristics as possible, The original targets were broadside views of

three vehicle types - tank, truck, and APC - with an aspect consistent with
a 910m altitude and sensor depression angle of 0.35 rad. The steps in the
abstraction process are shown in Figure 6 and detailed below,

A rectangle was circumscribed around the original photograph of the
vehicle. The height of the rectangle was the distance from the longest flat
surface on the upper portion of the vehicle to the bottom of the tire or tread
surface. The width of the rectangle was the distance between the extremes
of the main body of the vehicle. With the exception of the tank gun, all three
vehicles have approximately the same four-to-seven height-to-width ratio.
I'he circumscribed rectangle was converted to a polygon by retaining those
portions of the rectangle which contacted the vehicle image and connecting
the ends of these line segments with additional straight lines. The straight
lines were then replaced by wavy lines approximating a sine wave with an
amplitude of 5 percent of the object width and with about three cycles per
object width. This procedure was designed to simulate a degradation of the
target similar to that obtained by Williams et al. e

I'he basic outlines were next modified to achieve two internal bright-
ness modulation high-level feature conditions, Either a uniform white bar
with a height to-width ratio of five -to-nine or a checkerboard pattern was
added to the center of the stimulus image. The checkerboard pattern was
composed of white squares with sides equal to 7 percent of the width of the

atimulus object. The 20 squares of the checkerboard pattern had an area
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Figure 6. Steps in the generation of the abstract objects.
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equal to that of the uniform white bar used in the other internal brightness

modulation condition. In the final stimulus preparation, the images were

defocussed to eliminate the sharp edges of the checkerboard and the bar

patterns, The two internal brightness modulation conditions appeared to

the observer as either a uniform white, in the case of the bar, or a diffuse

internal modulation over the central portion of the object, in the case of the

checkerboard.

Two distinct contour high-level feature conditions were obtained by

either retaining the existing contour or by replacing the lower contour with

a straight line such that the total area of the stimulus was not changed. Thus,

there were four combinations of high-level features consisting of two con-

tours, with and without straight edge, and two internal brightness modula - 1

tions, bar and checkerboard.

Once the four basic object shapes were obtained the low-level features

- of size, contrast, and orientation were added. The three object sizes were

obtained by photographically reducing or enlarging the original stimulus.

The small, medium, and large sized objects had areas in the ratio 0. 46,

1.00, and 1,46, respectively. Contrast was also manipulated photographi

cally by varying the exposure time when printing copies of the objects. The

low, medium, and high contrast values were: -0,92, -4,2, and -5.4 using

max Pmin’Pmin
manipulated when the objects were composited into the final arrays. Three {

the definition -(B ). The orientation of each stimulus was
orientations were used: horizontal, vertical, and tilted. The tilted orien- !

1 tation was counterbalanced for left and right tilt.

The target always had the straight edge contour and bar pattern <
internal modulation high-level features. Nine combinations of low-level
features combined with these high-level features defined the target object
set., The remaining three combinations of high-level features and the
27 combinations of low-level features defined the clutter object set.

The stimulus arrays each consisted of 27 clutter objects and one

target as shown in Figure 7. The location of objects within the array was
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Figure 7. Typical abstract scene.

the same for all images. The locations were determined by dividing the
display into a six-by-six matrix of equal square cells. The 36 cells were
reduced to 28 by eliminating the corners and four center cells from the
matrix., To avoid having systematic rows and columns of objects, the loca-
tions were determined by randomly offsetting the center of the 28 cells one
medium sized target width in one of eight radial positions defined by the
secondary points of the compass.

Stimulus objects were eliminated from the center for two reasons.
Meta -contrast, or forward masking of the objects, might result from the
presence of the center fixation cross used to stabilize the eye movements
)

in the pre-trial period. v Second, because subjects started at the center
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of the display, targets or clutter near the center would have a higher
probability of being fixated regardless of their feature characteristics. By
eliminating the center portion of the array, the possibility of confounding
feature characteristics with proximity to the initial fixation was reduced,

The 81 clutter objects and nine targets were systematically assigned
to images according to the partially balanced factorial design described
previously. Within a given image, the assignment of objects to locations
was randomly determined with the constraint that the target occur in a
different location on each of the 27 images.

Separate pre-trial target familiarization images were prepared for
the two briefing conditions as shown in Figure 8. In the general briefing
condition, a subject viewed an image with all nine possible target objects
arranged in a circle around a central fixation cross. For the specific
briefing condition, nine different images were generated each with one
target. The circular array of nine targets was rephotographed with eight
targets masked out. All briefing conditions showed a speci{ic.target in
the same absolute location, at a constant radial distance from the starting
fixation cross.

When viewed by the subject, the total stimulus arrays subtended a
visual angle o1 250 mrad. The medium size objects were 5.0 mrad high by
8.8 mrad wide which is the same as the realistic targets used by Scanlan
(1976). el The large objects were 6.0 by 10. 6 mrad and the small objects
3.4 by 5.9 mrad. The blank center portion of the display had a radius of
approximately 44 mrad, and the distance between the centers of individual
objects was at least 30 mrad,

A calibration image was also prepared which consisted of a uniform
field with a five-by-five square matrix of small (2 mrad) black dots equally
spaced and covering an area 16/15 the total area of the experimental image.
The calibration matrix was made larger than the experimental images to

insure measurement of all extremes of the image during actual testing.
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Apparatus, The experimental apparatus is shown schematically in
Figure 9. The major elements were the Stanford Research Institute

Perkinji Image eye tracker with associated controls, a two-field projection |

tachistoscope, and an Ampex PR-1300 FM magnetic tape recorder,
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Figure 9. Schematic diagram of experimental apparatus.
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The subject was seated behind a special bench which supported the
eye tracker and an adjustable bite bar mount to provide head stabilization.
The horizontal and vertical eye position and blink signals were recorded by
the magnetic tape recorder. The eye position signals we re also connected to
the horizontal and vertical deflection inputs of an oscilloscope to allow the
experimenter to monitor a subject during a trial.

The tachistoscope consisted of two Kodak Carousal 35 mm slide
projectors, two Gerbrands model Gl1166 shutters, a combining glass, and a
rear projection screen, A random access slide projector was used in the
stimulus field to allow rai)id selection of the desired image. A conventional
manual select side projector was used for the briefing and fixation field.
Shutter control was provided by a special control box which also generated
signals, recorded on the magnetic tape, indicating the trial number and the
duration of a trial.

The subject viewed the stimuli on the rear projection screen at the
distance of 1 m. The overall luminance of the two fields were matched at
10. 6 cd/rn2 using neutral density filters. Ambient illumination was a con-

stant 58 Ix for all subjects.,

Subjects. Ten adult subjects, four male and six female, Were
recruited from the Stanford Research Institute staff and the Stanford Uni-
versity student population. All subjects were tested for uncorrected 20/20

visual acuity. They were paid for their participation.

Procedure. Each subject participated in one session lasting approxi-
mately one hour. Upon arrival, the subjects were tested with a standard
Snellen chart to confirm a normal visual acuity rating of 20/20 or better.
The session then proceeded with a briefing session of about 10 minutes.

A subject was given a standard information sheet, specific instruc-
tion sheet, and an informed consent form to sign. The standard information
sheet explained the general purpose of the research and the nature of the
eye tracking apparatus. The consent form was presented and the subject's

questions were answered so that fully informed consent to participate could
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be given. The specific instructions which explained the experimental task
were presented last.

The procedures for apparatus adjustment and calibrations included
fitting the bite bar, a metal form coated with dental impression compound,
and adjustment of the head support. The adjustment was made for maximum
subject comfort. The subjects were always allowed to rest and release the
bite bar between trials if they felt fatigue, The optical and electrical align-
ment of the eye tracking device was accomplished in about 10-15 minutes
after the fitting of the bite bar and headrest.

Eye tracker calibration data were collected both before and after the
experimental session by having the subject fixate each of the 25 dots of the
calibration slide. This procedure provided the data necessary to compen-
sate for slight non-linearities in the Perkinji Image tracker and for any
differences among individual eyes.

Ten training trials proceeded the experimental trials. For each
trial a briefing slide was initially presented. In the general briefing con-
dition this slide contained all nine possible targets. In the specific briefing
condition, only the target for that trial was shown. This visual briefing was
supplemented with a verbal description of the target to be detected. The
subject searched for the target and pressed a switch when he had detected
it. Feedback on the correctness of the response was given during training.

The 27 experimental stimuli were presented in randomized order
without knowledge of results. The experimenter monitored eye movements
on the oscilloscope and did not start a trial until the subject steadily fixated
the center fixation cross. The image was on until the subject made a
response and automatically turned off through shutter control.

Upon completion of the experimental session, a subject was de-briefed
and allowed to ask questions. No rating of a subject's performance was given.
The information released to the subjects was of a general nature; none of the

subjects tested requested detailed or sensitive information.
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Results and Discussion

Data Reduction. The raw eye position data on the analog magnetic

tape were subjected to several data processing steps to obtain the final
sequential fixation position and duration data for each trial. The seven
channels of analog data were converted to digital form at a sampling fre
quency of 200 Hz, The digital tapes were used as input to a pre -processing
program which eliminated data beiween trials, extracted the trial number,
and saved the low-pass filtered horizontal and vertical eye position data in

a disc file. This disc file was then used as input to a classification program
which dete rmined when the eye was fixating and output the average fixation
position and its start and end time relative to the beginning of a trial. I'hese
data were stored in another disc file keyed by subject and trial number.

A number of classification programs had been developed previously,
however, these were either designed for other eye trackers or used first
and second derivative calculations which are sensitive to noise. A new
classifier was developed which used a five point estimate of position variance
from the current fixation to determine if the eye was stationary or moving.
Verification of the classifier output with the original data indicated excellent
correspondence,

Calibration of the tracker output was accomplished using the subject
fixations on the five-by-five matrix of spots. The actual known location of
the spots and the horizontal and vertical tracker outputs were used in a
second order regression analysis to obtain an equation which related tracker
output to absolute position on the displayed image. A new equation was fit
for each subject, Combined classifier and calibration errors were less than

+3.5 mrad.

Sequence of Fixations. A computer program was written to graphically

present the position sequence of fixations using a CALCOMP plotter. The
scale of the plot was selected to correspond with photographs of the stimulus
arrays, Typical plots overlaid on the photographs are shown in Figures

10 to 13, Each figure depicts a single stimulus array under the two briefing
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conditions. The right plot shows the sequence of fixations for the general

briefing in which the low level target features were not known and the left
plot shows the sequence for the specific briefing condition,

Inspection of the sequence of fixations shows both differences and
similarities between the two briefing conditions. For the trials shown, the
specific briefing condition results in the target being found with a fewer
number of objects being fixated, It appears as if at least some low-level
features can be extracted peripherally without direct fixation of the object.
In the specific briefing condition, it is thus possible to skip over objects
which do not have the appropriate low-level features, thereby reducing the
number of objects fixated. Peripheral low-level feature extraction might
also account for those fixations which occur between two objects. These
fixations allow the low-level features of both objects to be extracted in
parallel and can add to the efficiency of the search,

Commonalities in the sequence of fixations also exist. Regardless of
briefing, there is an indication of a systematic scan pattern. Without con-
text cues the observer cannot adopt a search strategy based on likely target
locations. The result appears to be adoption of a scan pattern which
minimizes the distance between successive fixations. One such systematic
pattern is a clockwise circular scan which was adopted on a majority of
trials.

As the trial progresses the systematic pattern is generally modified
to re-fixate high probability candidate targets. In both briefing conditions
the subject generally fixated the target in the course of a trial but did not
choose to respond until additional objects had been considered. This is,
of course, an example of the subject's response criterion in operation.“’m
On the first fixation of the target, the observers were not yet willing to
make a response, because additional objects had not yet been considered.
Only after other candidates had been found and examined did the observer
make a final choice and a response. The tendency to fixate all objects
prior to making a response was greater in the general briefing condition

probably because fewer target characteristics were known, making it

difficult to exceed the subject's response criterion,




Knowledge concerning the multiple features on which to base a

detection decision not only reduced the time spent detecting the target but

also improved the probability of being correct. Figure 14 shows the
cumulative probability of correct detection as a function of time for the two
briefing conditions., The specific briefing condition dramatically improved
target detection performance. The probability of correct detection improved
from 0.6 to 0.85 and the time for a 0.5 probability of detection dropped

from 18 sec to 6.4 sec with the specific briefing.
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Figure 14, The effect of briefing on the probability of correct
detection as a function of time.
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Analysis of Variance. Ana.yses of variance were performed on the

number and duration of fixations on clutter objects., The data for these
analyses were obtained by classifying the object being fixated on the basis

of the known object locations. A 30 mrad diameter area about each object
was defined, and any fixation within that area was assigned to that object.
The number of fixations, total duration of fixations, and the average fix-
ation duration, were calculated as a function of briefing, target, stimulus
block, and feature characteristics of the object. FEighteen percent of the fix-
ations were eliminated as not being within 30 mrad of an object,

Because the stimulus block was partially confounded with the orien-
tation feature, the first analysis examined the block effect. No reliable
(p 2 .25) block influences were found indicating that blocks had no effect.
The absence of a block effect indicates that the decision to use three scenes
to obtain the 81 combinations of clutter objects was statistically equivalent | 4
to a single image with all clutter objects, Object orientation was not con-
founded with image block, making it possible to examine the influence of
orientation as if it had been completely crossed with the remaining feature
characteristics,

Because of limitations in the analysis of variance computer programs
available, the 81 combinations of features had to be examined as a single
treatment variable rather than as four feature variables. Other more power-
ful statistical routines may be used but were not available at the time of these
analyses. As a result, some of the potential higher-order interactions [ &
among features could not be assessed. The analysis revealed reliable f .
(E <.001) differences in total duration and average duration due to briefing,
target, and object features. Target and object features reliably (p =. 001) ¥

affected the number of fixations on objects but briefing did not.

Specific briefing did not reliably (p > 0.10) change the number of
fixations on objects. This finding does not appear to agree with the

observations made previously based on an examination of the sequence of

fixations presented in Figures 10 to 13. The most likely explanation for the




discrepancy lies in the manner used to obtain the data for the analysis of

variance, Fach time an object was fixated the number of fixations for that
object was incremented by one. The number of fixations used in the analysis
of variance, therefore, does not correspond to the number of objects fixated.
As calculated, it is not possible to distinguish a large number of fixations

on a few objects from a single fixation on many objects. Further analysis
will be needed to rectify this ambiguity.

Specific briefing reduced the total time spent looking at clutter
objects as well as the time per fixation on clutter objects. When the low
level features of a target are known, it is possible for the observer to
reject clutter objects more quickly than can be accomplished when only
high-level features are known, The low-level features can be extracted in
less time than the high-level features supporting the basic hypothesis of
levels of feature analysis. The concept of feature levels was critical to
the formulation of the target search and detection model previously presented,
and these results lend definite support to the hypothesis that low-level
features impact search and high-level features impact examination, These
data also demonstrate the influence expectation can have on the processing
of input data. Recall that the scenes used in this study had no context cues
which reduces the impact of the prior experience aspect of expectation,

With realistic scenes, context will be present and expectation will likely
have an even larger influence on search and feature extraction,

The characteristics of the object being examined also had a significant
effect on the time spent looking at the object. Some objects had an average
duration of 217 msec per fixation while others required only 66 msec per
fixation, Overall, some objects were considerably easier to accept or
reject as targets than were other objects. The feature characteristics
producing these differences have not yet been examined in any detail; however,
it is likely that both size and contrast are contributors. The effect indicates

that differences in ease of extraction exist within the high and low-level

categories of features,




The target to be detected made a difference in performance also.

The exact nature of this effect cannot be determined from the present

analysis. It is likely, however, that large, high-contrast targets were
detected more easily because of the higher visibility of the high-level
features. Because feature information could be extracted more easily for
these targets, it was possible for the observer's response criterion to be
reached either sooner or with fewer repeated fixations. Trials where the
high-level features of the target were more visible would have been shorter
in length thus reducing the number of possible fixations. It is also likely that :
i the increased visibility of high-level features reduced the time needed for their :
extraction, thereby producing changes in the duration of fixations on objects,
Examination of these issues will require further analyses of the data using
dependent variables which are less ambiguous with respect to these effects.
Although the preliminary analyses performed leave a number of
questions unanswered and do not even begin to exploit the data, they do '

provide initial support for the major hypothesis underlying the proposed

model. The factors hypothesized to have an effect on the number and
duration of fixations on clutter objects were all found to be reliable. Further
the results are in the expected direction and the magnitudes of the differences
are large.

The data clearly support the hypothesis that target search and
detection is influenced by both the feature characteristics of individual
objects and by the expectation of the observer. When the spécific low -level
features of the target are known, the duration of fixations on each object
are reduced, because most objects may be rejected as not being the target
on the basis of these features. When only a general briefing is given, the
durations are longer because the high-level features must be extracted
before an object can be rejected as the target.

The general hypotheses of the multi-component model of target search
and detection are supported by the analyses conducted. However, more

detailed analyses must be undertaken to fully exploit the obtained data.
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An analysis of the specific feature characteristics and their effect on eye
fixation probability and duration is an obvious first step, Further analyses
which consider the similarity of clutter to targets and the impact of location
and features on the sequence of fixations as well as the duration and
probability of fixation are needed. It is also recommended that the prob-
ability of next fixating an object based on the characteristics of that object
and the current eye position be examined, Analyses such as this can be
used to understand the specifics of the feature extraction process and should
provide a means for describing the differences between those trials which
required an extensive number of fixations and those which required only

a few fixations,

In addition to analyses which examine the feature extraction and
expectation processes, it is possible to use the eye fixation data to estimate
the transition probabilities in the Markov model of Figure 5. Suitable,
operational definitions for the various states must be obtained and applied
to the data to allow unambiguous identification of the search and examination

states. It will then be necessary to verify that the data meet the underlying

assumptions of a Markov process and, finally, that the esti.nates of the

transition probabilities yield a predicted cumulative probability that is the
same as the obtained curves shown in Figure 14. Initial, informal examina -
tion of the data suggests that the Markov model can be expected to yield

good results.,




REALISTIC SCENE EXPERIMENT

Introduction

Tre Realistic Scene experiment was designed to provide data to
4 evaluate the predictive power of the two-component Markov process model
under realistic target and background conditions, to determine the generality i
of results obtained in the Abstract Scene experiment, and to suggest the
important feature attributes of real scenes. The experiment yielded

- performance data and eye fixation measures which could be analyzed in 3

terms of the Markov process model. Key questions to be explored were:

® Is there evidence for search and examination processing
components under realistic conditions, and is the evidence
consistent with that obtained under the Abstract Scene study?

e What is the effect of context, clutter and target features on the
Markov process model parameters?

® Is the two-component Markov process model an adequate
predictor of observed performance under realistic conditions?

e Which aspects of realistic scenes qualify as perceptual
information and what are their feature attributes?
The Realistic Scene images contained all aspects of input data. The
inclusion of context information in the task was an important extension of
the conditions previously examined in the Abstract Scene experiment. Con-
text was expected to have a significant effect on the search state parameters.

The realistic target and clutter object features were also an extension of

——

conditions to those likely to be encountered in real world applications.

High-level features in target and clutter were expected to have relatively

large effects on the examination state parameters,




The experiment included a wide range of target and background
conditions. The overall complexity of the background, the position of the
target within the scene, and target contrast were varied. Target size was
held constant, and briefing information was constant for all subjects.
Because the background scenes were photographs of natural terrain, certain
background characteristics were not experimentally manipulated, but were
measured through a multiple-rater procedure. The ratings, similar to the
scene metrics developed in a previous research effort, (34) identified sub -
areas within each background scene which contained various categories of
perceptual information such as roads, fields, and trees. The input data
in the task, therefore, varied across experimental trials, and it was
possible to examine the effect of type of information on the two-component

Markov model parameters.

Method

Stimuli. The stimuli consisted of tactical vehicle target images
embedded in aerial black and white photographs of rural New York State,
simulating Central European terrain. The background scenes were selected

(

from images employed in a previous experiment, e The scenes were
photographed at an elevation of 910m and mean camera depression angle of
0.35 rad. A field of view of 140 mrad x 140 mrad was employed.

The targets were HO scale models of tactical vehicles: M-60 tank,
2.5-ton truck, and armored personnel carrier (APC). The models were
photographed against a uniform white background. The internal modulation
of each target was artificially enhanced by an artist, and appropriate shadows
were added. Compositing the selected target and background images was
accomplished by superpositioning the target over the background and

re -photographing to 35mm format. Typical images are shown in Figure 15,
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Two sets of 10 background scenes were prepared with the target
located in different positions for each set. One set of locations was identical

(54)

to those used in a previous study while the other set was selected to
systematically examine the effect of target location within the scene. Two
backgrounds without targets and 10 training images were also prepared.

The stimuli were presented at the same 250 mrad angular subtense
and 1 m viewing distance used in the Abstract Scene experiment. The targets
subtended a visual angle of 5.0 by 8.8 mrad which is the same as the
medium-sized object in the Abstract Scene study.

A calibration image was prepared which consisted of a uniform field
with a 5 x 5 matrix of black dots (1.5 mrad) equally-spaced and covering an
area 16/15 the total area of the experimental image display. The calibra-
tion matrix was made larger than the experimental images to insure
measurement of all extremes of the image during actual testing,

A fixation cross (30 mrad) on a uniform background was prepared to
coincide with the center of the experimental image display. The fixation
cross was presented before each trial so that the subject would be fixating

the exact center of the display at the beginning of each search task.

Apparatus. The apparatus for the Realistic Scene experiment was
identical to that employed in the Abstract Scene experiment. The display
size was identical, and the overall luminance of the display was adjusted
with Wratten filters to match the level used in the previous experiment

(10.6 cd/mz). Ambient luminance levels were also held constant at 58 Ix.

Subjects. Twenty adult volunteer subjects were obtained from the
Stanford Research Institute staff and the Stanford University student popula-
tion. All subjects were tested for a 20/20 visual acuity rating. All subjects
were paid for participation. There were six male and 14 female subjects

10 of which also participated in the Abstract Scene experiment.
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Experimental Design. A balanced experimental design was not

employed, due to the difficulty of controlling all variables of interest within
a set of realistic background scenes. A set of targets and backgrounds were
selected which would represent a range of values for the variables of interest.
The effects of varying information within the task on the processing components
was of primary interest in the experiment, and they could be assessed from
the eye fixation data without a completely crossed design.

The experimental images included 10 background scenes of varying
levels of subjectively rated complexity, determined for that set of images

) Each background was prepared with a single

in a previous study.
embedded target in a realistic location with respect to context, scale, and
shadow. Then, the 10 images were prepared with the same target moved

to a different location within the scene, and in a different type of context.

If the first target location had been in a likely area, based on terrain context,
it was moved to an unlikely area and vice versa. The likelihood of fixating an 1

area as a function of context was determined by type of context features and

terrain pattern.

The two sets of images were presented to different groups of 10
subjects each. Two catch trials were also presented, which consisted of
scenes of moderate complexity without tactical targets embedded in them.

All subjects received randomized presentations of 10 experimental
images and 2 catch trials. A Latin Square randomized procedure was used
to determine the order of presentation of the 10 experimental images. (o
The catch trials were inserted into the randomized orders in a counter-
balanced scheme such that each catch trial appeared with equal frequency

over all trials and over the first-half of the experimental session.

Procedure. The experimental session replicated the procedures
employed in the Abstract Scene experiment. All subjects were initially
tested for a visual acuity rating of 20/20 with a standard Snellen chart,
and were given information sheets containing general information, informed

consent forms, and subject instructions specific to the experiment, The
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procedures for apparatus adjustment and calibration were identical to those
used in the Abstract Scene experiment,

The experimental session began with five training trials in a fixed
order for all subjects. A training trial consisted of briefing by the experi- {
menter, onset of the image, target search and detection by the subject, and
indication by the experimenter of the target location. The training trials
presented the subject with samples of the type of targets which were used in
the experimental set, and backgrounds of comparable complexity and image

quality.

The 10 experimental trials were conducted as in the Abstract Scene
study, without experimenter feedback on the accuracy of subject responses.
* When the experimental session was completed, subjects were paid and

general information about the experiment was given,

Results and Discussion

F The basic data reduction procedure for this experiment was identical
: to that used in the Abstract Scene experiment., In addition to the sequence of
fixation program described previously, an eye fixation scatter plot program
was written, This program generated a small symbol at each position
fixated during all selected trials. Any set of trials, conditions, and/or
subjects could be selected, making it possible to examine the distribution
of fixations for an individual subject or image as two examples.

Scatter plots for three images each with two target locations are
shown in Figures 16 to 18, In each figure the upper plot shows the distribu-
tion of fixations across 10 subjects with the ‘target location the same as

(54)

used by Scanlan. The lower plot presents the distribution for a second

group of 10 subjects with the same background scene but a different target
location. Comparison of the distributions between the two target locations

reveals that many of the same objects are fixated, although the change in

target location causes a change in the variability of the distributions. The

;
E
f»
%;

data represented by these plots may be used in conjunction with an analysis

of the input data in sub-areas of the scene to provide estimates of the

perceptual information being extracted.
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Distribution of fixations on scene Number 7 for 10 subjects.

Figure 18,




Input Data. A preliminary data reduction procedure assessed the
type of input data available in each image. Two independent raters were
presented with the experimental images, over which a seven by seven cell
grid was superimposed, The cells covered areas equivalent to approximately
36 mrad on a side, in terms of image subtense when viewed by the subjects.
The independent judges used standardized instructions to rate the presence
of clutter objects, man-made objects, water, tree masses, roads, and open
fields within each sub-area of the image. There was a high degree of
agreement between raters and repeated ratings for categories of scene data,
Table 1 shows the total number of cells per image within each category.
The target locations within the images were also rated for a context
feature called terrain pattern. Terrain pattern categories were based on a
literature review of geometric pattern effects on eye fixation behavior,
There were six categories in descending order of eye fixation probability.
A rating was a function of the highest contrast terrain features within two |
cells of the target. For example, the target embedded in an image at the
point where two roads converged was rated on the terrain pattern made by [
the road contours. The categories of terrain pattern and their assigned ]

numerical rating in order of decreasing expected probability of fixating were: * .

1

target within the vertex of an acute angle.

target within the vertex of angle between 90° and 180°.

target near a straight line.

target in open area, or uniform area.

target near irregular terrain contours (as in tree lines).

D N W W N
i

i

target outside the vertex of an angle.

The terrain pattern ratings for the experiment are also given in Table 1.

Fixation Frequency. The proposed Markov process model would

estimate the probabilities of transition between states on the basis of the type

of information in the scene. Therefore,before the Markov process model can

]
)
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be used, the relationship between eye fixation behavior and input data must
be established. One test would be a comparison of frequency of fixation,
which may be used to estimate probability of fixation, on specific areas of
the images containing objects with features eliciting either search or
examination processing.

A first analysis of the relationship between scene input data and per-
ceptual information was accomplished by examining the frequency of fixation
on categories of scene data,

One context feature and one clutter feature were selected for pre-
liminary analysis. The presence of any clutter object within a sub-area and
the presence of a road or portion of a road in a sub-area were coded for all
experimental images by the multiple rater method discussed above. The
sub-areas were therefore coded in a 2 by 2 matrix: (00) no clutter objects,
no roads (01) no clutter, with roads, (10) clutter objects, no roads, and (11)
clutter objects and roads.

Summary scatterplots of all fixations for all subjects viewing each
experimental image were generated. The same seven by seven cell rating
grid used in the input data assessment procedure was superimposed on the
fixation scatterplots, and individual fixations within each of the 49 cells
were counted. The cell containing the target was omitted from analysis for
all images. The number of fixations for each cell on each image was coded
for the clutter and road information conditions, and a total of 480 cells were
summarized. The average number of fixations for each clutter-road condi-

tion for the 10 experimental images is shown in Table 2.

TABLE 2, AVERAGE FREQUENCY OF FIXATION PER SUB-AREA
AS A FUNCTION OF CLUTTER AND ROAD FEATURES

No Roads Roads
No Clutter 2. 35 3,30 2, 82
Clutter 5.55 8. 89 7.22
3,95 6. 09 5,02
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There is a difference in rate of fixation as a function of the presence
of clutter and the presence of roads. There is also evidence for an inter-
action between the two types of input data. A preliminary nonparametric
analysis of the data was completed, and an appropriate analysis of variance
based on subject-by-subject measures was planned. A Friedman non-
parametric analysis k0
(p<0.01).

Differences in frequency of fixation as a function of information

showed a reliable effect on clutter-road condition

within sub-areas of the scene demonstrates that the operator differentially
uses input data during the target search and detection task as hypothesized.
Additional analyses examining other types of information and other eye

fixation parameters such as duration and sequence will allow a more

definitive understanding of the manner in which input data is processed.

It is clear, however, that the two processes of search and examination are

identifiable and are rotated to the extraction of varying levels of features,

Sequence of Fixations. Plots of the sequence of fixations for trials

were also obtained. Figures 19 to 28 present the data for 10 scenes with

the two target locations shown in each figure. Figures 29 and 30 present

the two images without a target. These data may be used to examine the
sequence of fixated objects as well as the probability of fixation. It is
anticipated that with suitable measures of scene content and object features,
certain commonality in the sequence of fixations will be found.

Informal examination, for example, suggests that the target is often
. fixated early consistent with the Abstract Scene experimental findings. There
| is also a suggestion that the time to the first target fixations is much more
consistent than is the total time to detect, Further consideration needs
to be given to this potential result.

Considerable differences are apparent between individual subjects.

‘ Some are unusually fast and can fixate the target very early in a trial.
1 Others require a much larger number of fixations. It is interesting to
I 67
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speculate that such differences may be related to specific prior experiences

such as speed reading practice.
Figures 19 to 30 make it abundantly apparent that a scene dependent

search strategy is operating. Specific areas of the scene are examined first
and some areas are totally ignored. The systematic row by row scan of the
scene assumed by many models occurs rarely and then only after failure to

detect the target using the scene dependent search.

i




CONCLUSIONS AND DIRECTIONS

The formulation of target search and detection in terms of the |
underlying behavioral properties of the observer provides a simple, unified
structure on which to build a comprehensive predictive model. This approach

creates a framework within which the large body of data accumulated on

target and scene characteristics can be organized and incorporated into a

mathematical description of search and detection performance over time. ’ i
In addition, with the use of eye-fixation measures, this formulation allows

]
|
the generation of specific, testable hypotheses about the information con- |
|

tained in particular characteristics and their function in the search and

detection process. The experiments reported were designed to test the

validity of these hypotheses in the context of a multi-component information

processing model. The preliminary results strongly support the validity of !

the model through confirmation of key assumptions by means of eye-fixation
data, and suggest that a Markov representation will provide a concise, i
mathematical framework which accurately reflects the underlying behavioral
processes, . |

The Abstract Scene experiment was designed to examine the validity

of the assumptions underlying a multi-component process model. In particu-
lar, it was hypothesized that the observer selects certain aspects of the
input scene for feature analysis, and that the selected aspects will vary
according to information need and expectation. It was further proposed that
the search and examination states of the model could be characterized by the

selected aspects of the input, which were categorized as high and low level

features on the basis of spatial frequency components. Eye fixation patterns
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were expected to reflect the level of feature processing and thus correspond
to the states of the model.

To test the validity of these expectations, high and low level features
as well as briefing information were systematically manipulated. The data
verified the major assumptions of the model. The influence of a priori
expectation was evident both in the patterns of eye fixations and in the
probability of target detection over time. In addition, the scan patterns
demonstrate that the feature extraction process can be characterized in terms
of high and low level analysis, and that the progress of this analysis can be
followed over time by examination of the fixation patterns. The multi-
component model provides a correspondence between this overt behavior and
the underlying information extraction processes. These processes can then
be predicted with the Markov representation to ultimately generate a cumulative
probability of detection curve.

The results of the Realistic Scene experiment provided additional
evidence for the validity of the multi-component model and demonstrated its
applicability to realistic scenes. In addition, an abundance of data pertaining
to important feature attributes of real scenes and their relation to search
strategy was generated. The hypothesized organization of perceptual informa-
tion into target, clutter, context, and texture results in a useful conceptualiza-
tion for identifying information requirements for each stage of the target
search and detection task. These four categories of scene information also
provide a convenient structure for quantifying the content of a scene without
resorting to arbitrary metrics. Further, because the influence of each
category is different for each stage of the task, the effect of the scene may be
more easily incorporated into the model.

The Realistic Scene experiment yielded results which are consistent
with those obtained in the abstract scene experiment. The two processes of
search and examination were evident from differences in the frequency of
fixation as a function of information within sub-areas of the scene. Pre-
liminary analysis of one context feature and one clutter feature, as well as

an informal examination of fixation sequences, provided evidence that search

strategy is determined by scene content and target context. There was no
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evidence that a systematic row by row search strategy was used by any
subject, contrary to the assumption used in many search and detection
models. However, the presented analysis did not include a consideration of
the sequence of fixation in a definitive way. Further examination and con-
sideration of a dominant search pattern, if one exists, will be necessary.

Although a large portion of the data remains to be exploited, the
preliminary analyses from both the Abstract and the Realistic Scene experi-
ments indicate that the multi-component, feature extraction model provides
a valid and highly useful alternative to the equation-fitting approach. The
multi-component behavioral approach integrates and simplifies the large
set of potentially relevant scene parameters into generic features. The use
of a Markov process offers considerable promise as a model capable of
incorporating the indicated processing characteristics in a form that can be
expanded as the level of understanding increases. Separation of Search and
Examination on the basis of level of feature extraction not only appears
warranted but adds significant power to the resulting model. A further
expansion of the feature analytic approach to quantifying relevant informa-
tion has considerable promise as a means of accommodating a large number
of system parameters. A change in any system parameter may be described
in terms of changes in feature attributes which in turn influence operator
performance.

Considerable further analysis must be accomplished to fully exploit
the obtained data and to allow elaboration of the reported findings. The
limited analysis of variance reported for the Abstract Scene experiment
should be expanded to include the effects of individual object features. The
dependent measures used in these analyses also need to be expanded to allow
an examination of the number of objects fixated as well as the number of
fixations. The duration measures used also should be expanded.

The results provide the required data to estimate the transitional
probabilities in the Markov model. Accomplishment of this will require a
careful definition of the search and examination states as well as an assess-
ment of the extent to which the data meet the assumptions of the model.

Through appropriate analysis it will be possible to obtain a set of transition
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probabilities for each condition. These can then be used to predict the
cumulative probability of detection as a function of time. Discrepancies
between actual and predicted results can be used to further refine the model.

The data from the Realistic Scene experiment will provide a wealth
of information on the effect of scene content on the information processed by
the observer. Both the frequency and sequence of fixations may be used to
provide an understanding of scene quantifications. Correlations between
scene objects and areas and fixations will indicate the features being
habitually used by the observer. Knowledge of the feature attributes of
objects can then be combined with knowledge of ser. or parameters to relate
design parameters to anticipated performance changes.

These data may also be used to test the generalizability of the Markov
model derived under the more restricted Abstract Scene conditions. Both
sets of data combined and appropriately analyzed will provide a much
improved understanding of target search and detection, yield an initial Markov

model, and provide the direction necessary for further refinement.




CONCLUDING REMARKS

In summarizing the accomplishments of this phase of the overall
Search and Detection modeling effort, one must review them in the context
of both previous phase results and the efforts which logically remain to be
accomplished. The overall objective of the total program has been to
develop an analytical model of the process of search. This model should be
capable of predicting the probability of detecting a vehicular type target within
a scene which is characteristic of a realistic tactical situation and environ-
ment. This probability will be expressed cumulatively as a function of time.

The developmental concept has been to define a simplified model
which would have a reasonably high degree of correlation with demonstrable
human performance over a wide range of target-background situations. The
psycho-physical approach to a performance model appears to offer the
highest degree of predictive accuracy among competing approaches and is
intuitively satisfying when structured according to Markov modeling theory.
It has a high degree of flexibility and, as such, incorporates convenient
growth potential.

Because the process by which the human performs an effective search
is complex, efforts to understand it and correctly represent the potentially
significant factors have led to a relatively complex initial structuring.
However we have high confidence that by means of a thorough concluding
experimental program, approximations and shortcuts will be defined which

will simplify the model without significantly compromising predictive




capability. The overall program has progressed through the following
stages thus far:

Phase 1

e Parametric data on target search and detection was provided

° Quantitative scene metries were identified.

® A multi-component process was revealed.

Phase 2

A multi-component feature analytic model form was developed.

The Markov mathematical technique was adapted to represent
the model.

Underlying model assumptions were experimentally confirmed.

Data was provided for parameter estimation.

Future Directions

At this time, the work remaining to be accomplished includes:

Phase 3

® Incorporation of search strategy into the model.
® Determination of model parameter values.

® Validation of model predictions.

Current investigation has shown that the multi-component, feature
analytic modeling approach is experimentally valid and most closely
represents what is actually happening in the human search process. This
understanding and characterization of the fundamental aspects of search
represents major progress. Since the extensive preliminary ground work
in defining a high accuracy predictive model has now been accomplished, it
can be said with confidence that what remains to be done is to flesh out the
operating details. Specifically this involves:

® Detailing of the Markov search and examination processes.
e Fitting transition probabilities.

® Incorporating search strategy.
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o ® Incorporating the concept of search area type.

e Providing for Markov expansion and refinement,

. The results of the final recommended effort will complete the

objectives of the originally proposed three phase program,
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