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THE MISSION OF AGARD
The russion of AGARD is to bring together the leading persanalities of the NATO nations in the fields of
science and technology relating to aerospace for the fullowing purposes:
— Exchanging of scientific and technical information;

- Continuously stimulating advances in the aerospyece sciences relevant to strengthening the common defence
posture:

— improving the co-operation among member nations in aerospace research and development;

— Providing scientific and technical advice and assistance to the North Aiizntic Military Committee in the
field of aerospace research and development;

— Rendering scientific and technical assistance, as requested, to other NATO bodies and 1o member nations
in connection with research and development problems in the aerospace field.

— Providing assistance to membe: nations for the purpose of increasing their scicntific and technical potential;

— Recommending effective ways for the member nations to use their research and devel s)pment capabilities
for the common benefit of the NATO community.

The highest authority within AGARD is the National Delegates Board consisting of officially appointed senior
representatives froin each Member Nation. The mission of AGARD is carried out through the Panels which are

composed for experts appointed by *he National Delegates, the Consultant and Exchange Program and the Aercspace

Applications Studies Program. The results of AGARD work are reported to the Member Nations and the NATO
Authorities through the AGARD series of publications of which this is one.

Participation in AGARD activities is by invitation only and is normally limited to citizens of the NATO nations.
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directly from copy supplied by AGARD or the author.
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PREFACE

Perhaps the major factor limiting the effectiveness of a military flight mission is whether the
aircraft or weapon in question reached its geographical goal correctly, In this sense, the acquisition
of a physical target by the use of aircrew vision could become a crucial issue. Vision ig, after gll,
our only relevant seusor for Jdistant objects, and human vision i3 & complex and elegant :ense which
currently defies replacement by any machine capability.

With target chgracteristics given (including size, shape, luminance and surround and/or lead-in
features) visual target acquisition from aircraft is a process affected by many factors, which may for
convenience be broken down into physical and biological ones. Physical parameters, governing the
transmission of light from the target and surround to the eye, are adequately understandable aad
measurable, although they can, taken together, form a forbiddingly complex body of factors. They
include time of day and year, and geographical location; on these depend foliage and ground cover,
sun or moon angle, weather, visibility effects due to the atmosphere, and similar parameters. Aircraft
height, speed, navigation accuracy, external view and occupancy similarly determine what chances of
seeing all or part of the target the aircrew have, and aircraft height, in particular, interacts with
geography to determine whether a target is screened by its surroundings or not. A third conglomerate
of physical factors might be concerned with technical aids to vision, and could introduce two wajor
complications, image quality (from TV or infra-red scanning equipment ; for example) and image size
(often, the magnification-field of view compromise inherent in, for uxample, binocular sights).

N\

Biological factors, governing the transmission of information from éye via brain to motor act,
are not nearly so readily specifiable and emphatically not so easily measurable. Just as things
physical can geem after a few inspections commonplace and stable, soc things biological seem to need
their very variety and variability to survive. A human obgerver is firstly an individual, then a
staristical member of a group; an aircrewman looking for or at a grcund tarpet is no exception to this
generalization. Nevertheless, one can list a range of physiclogical optics and psychological titles
whizh seem to refer to relevant and useful dimensions. In the first group come static and dynamic
visual acuity, colour visinn, and the ideas necessary to describe eye movement behaviour. In the
tecond group come pre-mission briefing, experience and skill, which surely interact with each other,
and dimensions related to competing tasks and decision style. Many features and events apparently
compete for an altcrewman's attention, notably navigation and flying contiol Jduties on the one hand
and distractions associated with concern for one's safety and survival on the other. It is known chat
individuals differ substantially in attentional capacity and its allocation. As to decision style,
it may be illustrative *to consider the caricature of a 19th Century military man who knows next to
nothing and commits it dogmatically to several volumes, and the caricature of a 19th Century scienticr
who spends over 50 years collecting all the data he can &nd never utters an assured word., Somewhere
between extremes like these may lie the normal population of adults from which aircrew are selected
to perform visual target acquisition tasks.

-

Dr. Jo H.F. Huddleston

(Programme Organizer and Proceedings Editor)
Royal Aircraft Establishment,

Farnborough, Hamoshire, U.K.
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TECHNICAL EVALUATION

An examination of duta on the value of a single visual glimpse in acquiring & target supports
the expected view that the foveal performance of the eye is the primary determining factor. An
adequate description of foveal performance has been found to match up with much acquisition data, the
description at the moment being simply in terms of the optics of the eye lans and the resolution and
geometric layout of receptors in the fovea, plus a simple factor to represent the blurring and
restorative properties of microminiature eye movementa. It does not seem too cumbersome to work towards
the inclusion of peripheral detection, accoumodation, and pupil behaviour as factors in the foresceable
future, when it is expected that the likelihood of single glimpse acquisition of a wide range of viaual
stinuli may be adequately described mathematically. This description should then represent a general
model of the performance of the basic visual lcbe,

To model the eye's searching behavicur, that is to describe how this single glimpse visual lobe
is directed from one part to another of a visual field to be searched, turns out to be rather leseo
successful currently. A good fit to target acquisition data is not slways achieved on the simple
assumption that single glimpse detection performance is summed over a aserles of randomly aimed glimpses.
On occasion, however, such random search descriptions fit laboratory data and, to a lesaser extent,
field data quite well, Hope for wider predictiun of cperational performance in the future lies in
discdvering how search is structured or biassed. One encouraging model assumes that the eye evaluates
the search field peripherally for target-like objects, and dirccts foveal regard to them preterentially.
(In passing, one may note that peripheral acuity does not seem to change with viewing distance).
Nonethelass, the degradation of some components of laboratory performance to match up with those of
field performance still requires arbitrary factors in the mathematics describing the acquisition, and
these factors vary from expericent to experiment even when target luminance values are taken into
account or controlled. Target-—within-background relations are particularly troublesomin this context.
It can be said, however, that the vagaries of visual search have very grei. authority in the deter=-
mination of acquisition performance, and techniques to eliminate or structure search would bring
handsome practical benefits.

Regsearch is progrussing slowly on the question of how observers make use of differences between
target and non-target stimuli. A —-=icnably complete account can be give. of discriminations based on
contrast or gsize differences and Jdif{ciences in detailed shape when these parameters are taken singly,
but these factors may have been examined as wnich for reasons of experimental convenience as for reasons
of practical importance., It is etrongly suspecied that some total description of luminance edges and
gradients throughout the entirc scarch field will have to be added before adequate modelling of the
acquisition of real targets in real backgrounds can be expected. A conjoint prediction from quantified E
size, shape, and pattern of light and shade scems gcme way away, and would still omit many factors
(colour, for example, which assumes greater importance for objects nearer the airborne observer than
those currently being examined). H

It cranspires that earlier rormulations describing the visibility of briefly-exposed point light
sources have been in considerable factual error. Continuing studies suggest that lengthening the
exposure time may permit che use of lower source luminances than were previously thought to be N
effective. As to target illumination by flares, shielding of these high intensity sources from an
observer's direct gaze, and using mcre than 2 to cover a given terrain strip, were found to have
surprisingly lictle effect on observer performance. There is, however, an important interaction
betveen flare height plus terrain slant range (to the observer) and observer height, indicating a
preferred height band for an observer required to search illuminated terrain,

Lnaving light sources and flare illumination aside, night operations r.king use of ambient light
or heat energy for target acquisition depend for their effectiveness crn technical alds to vision such
as low-light TV or inira-red scanning systems. There is some work in hand on the calculation of flight
paths yielding maximum coverage by appropriate airborne aensors of the terrain of interesc, and this
will probably have to proceed on a piece-meal, route-specific basis. Requirements i{mpcsed by human
vision on the displsy of such sensor data turn out to be quite rigorous, and point to considerable
weight penalties incurred by carrying such technical aids. Although design engineers would probably
welcome firmer and more representative data on human perception of liue-scan display surfaces, such
data geem hardly likely to ease their equipment problem much since one can hardly hope for the limits
of visual perforsnce themselves to be radically changed by research. As to marking an acquired
target by aiming the head, huwever, more knowledre {s certaintv required. In particular, the
interactions between body, head and eye movements, and the effects of retinal disparity, cannot be
adequately described at present, and a better description is needed to allow design specification of
helmet-mounted aids.

A major hindrance to applied work rontinues to be observer variety and variation, which rcnspire
to make repeated measurements on a number of individuals an absolute pre-requisite of reliable research,
Some few workers have tried to understand perceptusl differences between individuals in terms of
psychophysical phenomena “'higher" than, say, visual acuity, but their attempts have been largely
thwarted. Complementarily, observers have been asked to state what targot and background features
they believe make a given acquisition task easy or difficult, but the initial outcome has hardly been
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helpful, although considecable refinement of this technique is possible. Comparisons between pre-
flight briefing msterials can, hovever, be made with some confidence, and tend to suggest that the
appearance of target and background features cannot be adsquately inferred from maps of the area, but
can be well understood fromw oblique view diagrams spproximating to forvard-looking aerial photographs:

Tk

Dr. Jo H.F. Huddleston

(Programme Organizer and Proceedings Editor)
koyal Aircraft Establishument,

Farnborough, Hampshire, U.K.




THE LIKELIHOOD OF LOOKING AT A TARGET
by

Charles P, Greening, Ph, D,
North Amerlcan Rockwell Corporation
3370 E, Miraloma Avenue
Anaghelm, California 92803
Mall Code DF53

SUMMARY

Visual search behavior is characterized by brief glimpses of the terraln, separated by rapid eye
movements, or saccades. The likellhood of looking at a target with any particular glimpse (s, in most models of
search behavior, assumed to resuit from either random motion or a mechanically systematic search pattern.

In the present gtudy, It {8 assumed that the obgerver uses extra-foveal vigion to evaluate tho terraln hefore
each sacoade, to maximize the likelihood of looking at the target, Quantitative data on extra-foveal search, obtained
in & different oontext by Willlams, show that such behavlor is lawful and predictable, The results are here applied to
dynamlic air=to=ground search, ylelding target acquiaition preslctions which compare favorably with those obtained by
other methuds,

THE PROBLEM

Moat tactical surveillance and attack systems depend, for their successful employment, upon the detection |
of a target by an observer. Tactical targets typically occur ln somewhat cluttered surroundings, thus complicating :
the deteotion problem, Whether the detection is made by direct visual search of the terrain, or indirectly through

use of a sensor/display system, the observer must somehow reject the clutter and detect the right object, subjeot to

verification. The quantitative prediction of the effects of the confusion objects upon the search and deteotion process

has proven to be difficult,

EXISTING APPROACHES TO THE PROBLEM

It is generally acknowledged that an observer searches a field-of-vlew in a series of saccadic movements,
The relatively small area of most dlstinct vision, or the foveal region, moves from place to place over the scene,
remalining fixed between jumps for a few tenths of & second, Very little visual Information is received during the
jumps. Hence, the success of a search effort depcnds upon the appropriate placement of the area of distinct vision
during the pauses, or glimpses. Ths probabllity of looking at the target foveally with any particular glimpse depends,
at least In part, upon the rive of the area heing searched, the presumed area of "distinct vision", and the method of
distributing the glimpses.

Usually the problem has been attacked by assigning a definable limlt to the area of distinct vision (or
detection lobo), and then assuming that this area, or aperture, is moved either systematically, or randomly, or some
combination, over the area to be searched. 112,3 The presence and characteristics of the non-target objects In the
search fleld are presumed to affect the search {Jerformance by lengthening the glimpses,* or by modifying the
effective search rate by a "congestion factor’,

AN ALTEHNATIVE APPROACH

The approach to the problem suggested here rests on the assumption that the glimpse pattern of the observer
is dependent dlrectly upon the appearance of target-like objerts in the peripheral visual field, Limited eye-movement
data collected during dynamic search appear to confirm this assunmpt!nn, When observers were looking for a missile
site In a foreat clearing, for example, more than four-fifths of thelr eye fixations fell In clearings or breaks in the
forest. It would seem that this kind of performance could accur only if the peripheral view from each fixatlon provided
enough information to guide the next saccade to a clearing.

A method of testing this assumption more fully was suggested by data obtuined by williams# in hig eye=
movement research on consplcuity of symbols for command and control displays. le found that it was poasible to
establish quantitative relationghips between the 'targetness' of the diaplayed non-target images and the likelihood of
looking at them when looking for the target. For example, if the target Image was a gray square one-half inchon a
side, he found that other images on the display were looked at less and less frequently as they departed from grayness,
or squareneas, or half-inch-ness. Furthermore, these probability gradients were remarkably consirtent in slope as
the target was varied along any one dimension, Willlams was able, after his experlments, to state than an object
two-thirds as large as the target will attract the attention of the observer as often a8 an object four Munsell hue units
different from the target, or as an object une Munsell value unit lighter or darker. Willlams data were obtained with
well-Jdefined, nonsense objects in a static display, The relevance of the fIndinga io the Bearch for real-world targets
in a dynamic field {s not obvlous. However, a preliminary study performed at Autonetics indicates that the method
is promising, That study will be described in relation to other, previously published work,

VALIDATION OF A VISUAL SEARCH MODEL

One method of predicting target search and detection performat .e hus been through the use of search
models, An Important olass of inodels, based upon the PRC model of 1857,6 computes the expected probabllity of
detecting the target In a particular "glimpse' as the product of Py (the probability of looking at the target), and P.
(the probability of reasolving the target). The lutier 1s almost purely an optical/physiological phenomenon and has
been described on the basis of exlsting data and laws of physics, The probabllity of looking at the target, however,
has been much less tractable,
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The "glimpse model' used lo studies at North Amerlcan Rockwell, and a receat experimental validation
study, have been desoribed lo soms detall slsewhere,® Briefly, the model (see Eq. 1) yielde a cumulative probability
of target detection as a function of deoreasing range, as the observer approaches the target area.

N

' poum ("k) =1 - l I (1 - pLU)pRO)) 1)
i=k
where:
x = horltontal dlatance from ohserver to target along the ground track
PL = probabllity of looking at (with foveal vision) tha target
PR = probability of resolving (seelng well snough tu recognize) the tacget
k = an Integer such that > the minimum visual range, as eatabiliahed

by flelde=ofeview llmititions

N = an integer such that x,, > the maximum visual range, beyond whioh
detection is lmpoulbl“.

The mode), as expressed, will yield a curve of cumulative probability as ¢ function of range for uny set of
target, background, flight geometry, atmospheric and observer parameters. The computed curve can then be comparsd
directly with the results obtalned in the fleld cr in a gimulation, provided all the necessary parametere can be
determined, (See Figure 1,)

In the published study referred to above®, all parameters Involved in Py 1-ere measured in the couree of a
dynamic, olnomatic simulation ueing 35 mm color motion plitures obtained from Nights over varied Southern Californla
terrain, Tha values of Py I that study were obtained by having judges view etill photos of the target area under
standardized conditions, and estimate the number of target-like areas {n the fleld-of~view,

THE PRELIMINARY STUDY

The prelimlnary study uslng the new method of estimating PL wag based on the earllier, publlshed work, No
new aimulation data were taken, but the computer model was re-run for each targst, usiag the new values of Py, In
this preliminary study, a serles of still photos of scencs used in the earlier target acQuisition atudy waa the basls for
the application of the Willlams findings to real-world search,

As a {irst step in the attempt to apply the Willlams "'probability gradients' to the detection process, the
existing target photos were re-examined. It was immodiately evident that, at the rangee at which detection normally
occurred, distinotive hus differences were almost non-existent. Conaequently hue was not considered In thls
validation attempt - only size and value,

1.0 -0~
e Model
O Simulavon
. e c
o
.6 -O
P cum c’
.4
4
(o]
. 2 \
|
o]
[} x:
0 2000 4000 8000 8000 10000 12000

Range (ft)

Figure 1, Computed and Measured Probability of Recognition for Target No, 103 - Four 8ilos
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Figure 2 is a sketched representation of all the readily discernible objeots in one of the target photographe
(Targot #1U3), Esach of these objects was measured for width and helght of image, and was given a value rating by
comparing with a set of Munsgell ohlps, In the case of targets with substantlal vertical uxtont such as bulldings, the
slze comparison was made using whichever dimension of the confusion object differed most widely from the
correeponding dimension of the target. This cholce was made because there were many objects In some of the fields
whobe shape was radically different from the target (e,g., Amoke stack when the target was u building). For asuch
cuses, It did not appear that the confusion objeot attracted notice, even though its height might be ldentical with the
height of the building,

The probablility figures for the varlous ocbjeots In the field were computed as follows: First, the probabillty
nosoolated with the target size and target value were both arbitrarily set to 1,5, Next, for each confusion object, a

probability value was read from the corresponding probability gradient presented in Willlams' paper. Examples are
shown in Figure 3.

For example, If an object in the fleld-of-view was just as high as the target and one-half ns wide, the
probability value assoclated with this object due to ite size can be seen to be .22, Similarly, U this object is found to
he one~half Munsell value unit darker than the targst, its probability value due to that parameter can be read from the
approprlate curve as .77. The combined probability for each non-target object was obtained by multiplying the size
and value numbers togather (see Table 1 for a sample set of numbers).

PP P
&b 6 66

Figure 2. Sketch of Target 103 (Four Silos) and Vicinity

.o}
81 }
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A l Lk
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gb.!ec't B‘lle Munsell valus - fcrom target
arget size

Figure 3, Discrimination Gradients (from Ref, 4)
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Table 1, Computation of Py, for Target #103

Object Size (mm) 8 Value (Munsell) v 8 X V|
Target 2.5x1 1-.;. 2.5 1_0- 1.0
1 4x1,5 .—35- 3.6 .50 A7
2 12x1.0 .06 3.5 .50 .08 : .
3 12x1.0 .08 1.0 0 0
4 2.5%x.5 .20 2,0 .75 .15
5 x4 .07 3.5 .50 .03
6 10x2 .07 3.0 .76 .05
7 3.5x2 .20 3.5 .50 .10
8 Ix2 .20 2.0 ) .15
| 9 1x1 .16 4.0 .30 .05
f 10 4x1 .35 ' 2.5 1.0 .35
11 10x.,5 .07 4,0 .30 .02
. z(al X v‘) = 1,10 + 1,0
PL = ! = ,48
1+1.10

The number obtained by adding the probability products for all objects in the field is not useabla in that
form, Consequently, tho probabllity of looking at the arget wag normalized by the use of:

PL=

1
N
14 Z 8v,

i=1

where: 8 is the relative fixatlon rate due to size difference
v le the relative fixatlon rate due to value difference
N ls total number of measured objects in the field

For the remalning targets, Py, was computed by the method outlined above., The detection and recogoition model was
then exercised using the new values of Py with all other values Iidentical to those used in Reference 6.

The new method of computing Py did not, in general, change the fit dramatically from that achieved in the
earller study. The major effect was one of making the slope of the curve steeper and Increasing slightly the medlan
recognition range, Qualitative judgement on the curve-fitting of the data in the 27 cases shows that approximately 11
were improved, 8 made worse, and 8 indeterminate. The medlan recognltion ranges from the model, with the revised
method of coraputing Py, can be compared with the exverimental values by computing the mean of the medians, and by
computing a product-moment correlation, Figure 4 shows a scatter plot of medlan recognition ranges obtained from
the model and from the simulator expeciment. The correlation is , 51 for these two sets of medians. The mean value
of the medlans ls 3994 ft. from the model, and 4190 ft, from the simulator data - a dlfference of only 4, 7 percent,

11
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Figure 4. Scatter Plot of Mediaa Recognition Ranges from Experimental
Data and frem Computer Model
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DISCUSSICN

br Frick (US)

In Pigure 1 of your paper, showing cumulative probability against range, is time {mplied in any
way?

Dr Creening (US)

Only insofar as time is tied in with decreasing range, that is there iz a controlled speed of air-
craft approach. The model therefore has & controlled movement speed from the simulation.

Mr Oveyington (UK)

Ir your probability function graphs, is there any attempt to account for distance away from
fixation point?

Dr Greening (US)

Yes; implicitly in the way the data were arrived at. You will find more in Williams' writings
which are referenced in my paper. There is a distance function in there.

Mr Overington (UK)

I have the impression that these data were from highly supra-threshold, highly contrasting targets.
If 8o, they would refer to highly conspicuous target and target-confusible objects ir the scene. as
opposed to poor visibility low contrast situations,

Dr Greening (US)

Yes. That assuoption was made and borne out by the data. Objects in the real world sre rarely
aguired near threshold values; one is not generally pressing the operator hard.

** Overington (UK)
My experience doesn't always confirw that finding.

Mr Ericson (US)

Subjects' expectations, due to briefing and repeated ctrials, were probobly accurate. Did you
somehow try to set up the same fulfilled-expectation-aituation in your real world task?

Dr Greening (US)

Yes, in the sense that part of our briefing data was a photograph of the target from the air
(but not identical to the actusl target run view). So they did see target-in-ground as part of their
concept., Williams' people did have an image of the target right in front of them.
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SUMMARY

The physical properties of the aye lens and retina together with the
involuntery eye movements (tremor and drift) are oonsidered as the basic
factore defining eingle glimpse deteotion probability. Coupling of data

ooncerning these with simple probability theories of information tranamission

from aye to brain via neursl networks allows acourate prediction of

several seta of basic laboratory threshold data.

Introduotion of the oonocept of convolution of object profiles with
the spread funotion of the eye lens allows extension of such single glimpse

predictions to unsharp objecta. The effecta of atmospheric

attenuation

and range dependancy of subtended size may also bs introduced at this stage.
Usaing this comprehensive formula for single glimpse probability as an input
a cupulative search probability model is developed for randam search which
takes aocount of search field of view, visual lobes effeots and the
trangsition from single gliopse to multiple glimpse situation at any part of

the field of view.

Maximum gradient of the luminance profile ecrose the edge of an object of interest.

Mayigoum of the absolute line spread function of the human eye.

Sky/ground luminance ratio.
object luminsnce .
Contrast ( = surrouwnd luminance 1)
Intrinsic contrast (with no atmospheric attenuation).

Angular pubtense of the diameter of a cirole of equivalent area to the cbject of interest.

Linear diametez of the equivalent circle.
Field luminance.

Number of - .pses.

Magnification.

Number of foveai retinal receptors along & luminance ocontour,

L.ziting number of foveal ratinsl receptors around the contour of the image of a 'point' objeot.

Number of recsptors along an image luminance contour at & degrees

Numier of overlaid glimpees.
Foveal einglas glimpse provability.

Single glimpee probability in & search situation.

Viewing range. 2, 2
Nuwver of separate glimpse positions (OP /9‘ )

Mean glimpee time.
Search time for 50% probability of acquieition.

Closing velocity.
Cunulative foveal probability when N —» o0,

Cumulative probability in m glimpses.
Cumulative probability in N overlaid glimpees.

1t - veiling glare.
Angle off fovea in degrees.
Radius of vieual lobe.

Radius of search field.
Atnospheric attenustion coefficient.

1. INTRODUCTION

Mcdelling of randan visusl search performance is normally carried out on an empirical beais hy
attezpting to couple together sete of basic deteotion threshold data suoh as those relating to Zoveal
detection performance and relative peripheral perfcrsance, due allowances being made where appropriate
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for such items as magnification(if an optical aid is used) and atmospherio attenustiou. This process
cannot usually allow for such factors as image quality and, if one inspeots the various literature on
deteotion thresholde, must be highly depencant on whioh threshold data are used ss a starting point.
A multiplicity ol threshold data have been comparad by lL:vies (Ref.1) who shows that the contrast
thresholds for a given size of target vary by 10 t 1 betw.er oxperimenters.

Impetus was given to research at B.A.7. to attempt to put such modelling on a firwer foundation by
results of & number of highly controlled field trials involving acquisition of aircraft through vieual
aids. although not an air to g-ound exeroise suoh trials provided an ideal controlled situation for
studying randoa sesrch and it is sonsidered by the author that any findinge are equally applicable to )
_air to ground viewing in truly random gearch situatione. That most alr/ground situations involve . -
structured search is another matter and is beyond the soope of the present paper. However, the basic -
modelling ooncepta developad herein may possibly be extended to encompass definable structured search.

fe—res

The resulis of the above field trials, whilat being highly self consistent, were markedly inferior
to expeotationa. Since it was known that the M.T.F.'s of the vieual aids used were relatively poor the
burning question to resolve was 'Is the inferior performance compared to that predicted due to inaccurate
modelling of cearch, incorrect assumptions from input threshold data or the quality of the visual aid?'.
In order to answer this questior. a much fuller and better understood mcdelling of the acquisition process
was required than had hitherto been used.

Now a model of foveal detection performance for extended objects at a fixed field lurinance had
been developed at B.A.C. based on the physical properties of the human eye (Ref.2). With this model it
1.8d baen shown possible to predict accurately a variety of laboratory threshold data available froam
literature including H.x., Bleckweil's limited search and infinite viewing time experiments involving
detection of disc targets (Ref.}), the experiments oconcerning the effects of aspect ratio on the deteotion
threshold of rectangles by Lamar et al (Ref.4) and the effect of defocus blur on thresholds of gimple
stiouli atudied bty Ogle (Ref.5). The prasent paper shows how this model may be extended to cover
peripheral performance and point objects and how image quality, atmospheric effects, stimulus growth and
overlaying of glimpsea may be included in one relatively siomple mathematical formula. By coupling
this formula with a cugulative probability function it is then pcesible to model any random gearch
oituation. Since the model is a relatively simple formula it is easy to assess the sensitivity of
acquisition performance and the cumulative probability function to the various parameters.

2., THE BASIC FOVEAL MCDEL
A8 a atarting point it 18 necessary to ‘onsider the fundamental relationship between avaeilable

visual stimulus and sensation produced for siople shaped, extendaed objects in plair fields. Thir is
glven in Ref.2 as

! (K, + K,)C + 1
I log, [—%TB?:-T::—.] -K1.f(n)4. s N )

where K2 is a retinal inage edge profile slope constant whioh is dependant on the spread function of

the eye lens together with blur introduced by image motion associated with involuntary eye
tremor and drift.

K3 is an image positional constant.

i(1 and 8 are constants associated with population sample, tield luminance and probability level
at which a decision is made as to the existence of an object. '

C is the contrast of the object against it's background.
f(n) is 8 function of the number of retinal receptors (n) lying along the image contour.
For naked eye viewing K2 and K3 nay be determined from measured data for the average eye. 1

N.B. In reference 2 the formula is atated in terms of log 0 rather than log_ with obvicus implications
on the values of K1 and § quoted there and used here. Slnoe the ultimate fntontion is to model random

search, which oust be an aocumulation of single glimpee data, the main interest must initially lie in cn
appropriate form of Eq (1) for eingle glimpses. Then, from Ref.2, we may write

(K, + K )C s K
].05e [ K103¢ 1 ] .fa—(ﬂ1' 1) > 5 . . . . . . (2)

where f(n) = 1/‘/;(n o) is the reciprocal of the product of n{n - 1) possible comparisons between signai
channels st deep neural level and a 1{/"6 neural nolse factor {see Ref.2 for discussion und explanation

of thia). For foveal naked eye viewing of eimple, sharp edged objects in plain fields this is fuliy
definitive where the dizensione are in excess of 5 minutes of arc subtense at the eye. For smaller
objacts it is necessary to develosp u correction formuia. The effects of complex srapes, although
aignificant, don't appear to be enormous (Ref.6) and for the purpose of thie paper they will be ignored,
the size being always coneidered in terms of an equivalent circle. For specific definable complex
shapes, and in particular for line features, it will be seen poasibie to devselop alternative forms of the
bagic cquations.
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Now with refersnce to Bq (2) the following wbservations may be made for a field situationie

(1) C will in general be a funotion of viewing range, prevailing visibility and intrinsio target
aontrast Co.

(i1} n oan be defined in terms of linear object dimensions and viewing range.

(1i1) Viewing range itself oan, in the most general case, be defined in terme of rats of change of
object distance and obssrvation tiue.

(iv) l(1 will be a constant for foveal viewing at fixed field luminance. It will, howvever, be a
function of angle off optioal axis (c.f.Ref.7) for peripheral viewing, and of field luminanos.

(v) s, being A constant associated with the minimal signal cequired at the brain for a decision to be

made, will in Reneral bs a oonstant for & {ixed level of motivation but should vary with
motivation.

(vi) K3 may bs coneidered & constant under most conditicas.

(vii) X, will be governed by the imaging propertiea of the eye lens and the edge quality of the input
s@imulua. For viewing through visual aide and/or turbulent atmosphere the effective value must
be factored to allow for the optical quality of the visual aid and/or atmosphere.

Thus, for approximpate prodictiona of the single glimpae situation in the field it is neceasary to

derive a correstion for small size, and to define C and n in terms of viewing range, Kz in terms of
optical quality and K1 in terms of viewing angle.

3. EXTENSIONS OF THE FOVEAL MODEL

3.1. The Small Size Lomain

For small cbject dimensions there ias a gradusl transitinn, for naked aye viewing, from the basic
function

(K, + K )+
ILC)ge TR - K1.1‘(n) + &

3
for both dizersions > 5 minutes of aro subtense to
A 1
(K2 + K} )ae.c .1
l°8° V2 - K1-I(n°) + s . . . . . . (3)
Ks.d L+ 1

for both dimensiung less than 0.6 minutes of aro where the objeot is effectively a point.

t 1
Hers K2 and K3 are new slope and position conetArata associated with the point epread function of the

imaging system (including the eye lens;.
d is the angular subtense of the diameter of the equivelent circle (mins. aro).
n, is a limiting number of retinal receptors associated with the image 'contour' of a point objeot.

These two formulae and the transition range carn be approximated by

(& +x3)n¢1
[2x3B¢1 J"‘rf(“)* J N )
2 2

o2 .d.C

(a:t‘.t'.l4 * 1)t

o¢ being & constant which effectively defines the region of transition (on the size axis) from Eq (1) to
Eq (3). It has a value of approxizately 0.6 for naked eye viewing.

1 o8,

whare B

Also n can be represented by

n-5.2(%¢1)*07’ . P ()

this being an approximation to give the oorreot funotion éapprox.) for n at large radii ( > 1.2! are)
(where n = 2.86 (r » 0.35) ) (Raf.1) and at ssall radii ( « 0.3' arc) (where n = 9).

For moat purposes it is considered adequate and convenient to uee a simpler epproximation for n where
%, (8. ot
ne 2 +4,)%

Putting all the abcve into a form of Eq (2) containing only contrast and size we geti-
K
1°5el:(2;23381¢1} “ 79 ';(1 TT1.5 * )
(7,8 « 7]
[ I

3
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(1{2 . xj)n 1 K, s
KB e 1 - 2% "
3 9.55(a° « 4)

The above is approximating /a(n = 1) in Bq (2) by altd.

1
or o8,

3.2, Contrast and Sisze Funotio

We are now ready to consider the introduotion of basic atmospherio effects and d as range funotions.

Now for contrastie
Coe Co..xp(-o’k) L N ] (7)

for viewing againat the horison sky (Ref.8)
where Co ia the intringic oontrast of the object of interest,

o 1is the atmospheric attenuation coefficient,

R ise the viewing range.

Wnilst this is not etriotly true for other viewing situstions (e.g. high elevation ground to air
vi_ning) it waa considered un adequate approximation for modelling the acquisition procees for low flying
airora®t and as such was used to check out the model predictions against field trials results.

For air to ground viewing a more complex formula

-
C-C°[1-b(1-axp(dﬂ))] c e e e e . (8)
must be used for the general oase whare b is the so called 'sky/ground luminance ratio' an(‘.9). In cases
where the luminance of the target background approxinates to that of the horizon sky Bg 8) approximates
to Eq (7).

N.B. Equstione (7) and (8) both assume A homogeneoua atmosphere, and diffuse target and background
surfaces, assuuptions which themselves can .ead to eertain problems in a practical field situation (Ref.10).

Aleod-}'—%g—n

where J is the linear diameter of the equivalent object circle in metres.
R is the range in Km.
d is in minutes of aro.

Then we may write, from Eg (6)

(xz.x)nm] k,.R'"?
kY 1
log[ - + & P )
() KBB + 1 (236D2 . 60R2)¥

where B 0.36.(3.44)2.D2.C°-exp(-a'ﬁ) - 4.25 Dzoco.oxp(- UR)
[.13.(.a4)%0% + 8%]2 (18 o4 + &4)F
2
or, more generally, B a 4.25 D 'f(co)

(18 2% + &)1

The above is a semi-rigorous definition of the eituation for naked eye viewing (i.e. assuning it is
permigsible to ignore shape effects).

for ground/air viewing

3.3. Unsharp Objects

It may be that, inetead of the object of interest presanting & good, sharp luminance discontinuity
to the eys, the change of luminance acrcss the edge of the objeot is gradual (*unsharp'). Thia eituation
can arise in simulation or can be due to viewing through imperfest visual aids, to ocertain forms of
atmospheric turbulance or to fine shape structure on the object wyhioh is unresolved by the eye as discrete
detail. In eny of thesu cases the effect can ba allowed for in modelling if the effective luminance
profile ae presented to the eye can be specified. For large objeots (>10' aro) sll that is neocesaary
is to convolute the luminance profile of the object F(x) with the effective line epread function of the
eye Ae(x)- e
tva. Inago profile G(xj = J/ F(x - £).4,(¢).a8 C e e e (1)

-

If now G(x) ima'differentiated with rugoct to x, x being measured perpendicular to the lucel image

contour directicn, the result, _d G(x) = A.r(x , is a retinal image luminance gradient function. The peak
value of this, Lr(x)m 1s then %% & measure of the maxioun luminance gradient in the retinsl image of the

object F(x). But for viewing of 'sharp' objects the equivalent to the above is the line spread functicn
of the eye, Ae(x). (approximately) and sinilarly the maximum, A.(x)u is a neaaure of the maximum

luninance gradient in the retinal image of a 'sharp' object. Thus the ratio ‘T(')M/A (x), & be taken
e "4
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s & quality factor which must operate on K, in Bo 9).

N.B. The above is only striotly true for large objeots and where A (x) is the line spread funotion of the
aye. For emall objeots (10' aro diameter and less) atriotly apnﬂing 2e-dimensional convolutione with the

point spread function of the eye 3hould be used but the subsequent differantiation and teking of the retio
are identiocal.

344+ The Aided Vision Cage

For viewing through visual aids, in additicn to allowing for optical imaging quality, we must allow S 4
for magnification ond veiling glare. : !

Magnifioation ie taken cere of by writing MD in place of D in Eq () whilst veiling glare, whiah ie
a softening of general sosne oontrast, is allowed for simply by operating on t(Oo) by & feotorn.

Strictly speiking, in addition there should be a modification to o4 eince the aystem point spread
funotion will bs larger than for the naked ¢ye with oonsequent change in the aise range for transition
from a 'point' object to an 'aextended' object. However, sinoe the change toeC is dependant on the ahape
of the systex point spread function as well ag it's diameter, and since a change of « only hus a minor

effeot on thresholds of the suAllest odbjects, it was considered an excessive coaplication to allow for it
in the present model.

3+5. The Complete Foveal Single Glimpse Model

From the above the full equation for single glimpase foveal viewing may be written out. vizse

K, d,(x)
(2:1'1 “'ox3)3¢1 k.2
log, Qall B8 - = 73 ¢ ) Y C T}
LR (236K°.D° + BOR®)

where 3B e 4'25M2‘D2' 1 -f(Co)
(18K4.D4 s 34)}

3.6, Visual Lobes

To wonsider search one must consider deteotion lobes and extra-foveal detection. Thie may be
covered adequately by invoking different values of n from Jaterberg's data on retinal receptor

oconcentration (Ref.11), thereby providing a measure of visual lobe eize &8s a function of rangs for other
aet condrtions.

An adequate fit is given by a relationship

o A APl ot i e 22

n0/n - 1/( PR 1)* (unpublished work by E.P. Lavin)
where 8 ie the viewing angle considered measured in degrees from the fovea.
. n 1.5 1 0,94 1
R ( O/n) - /( 64+1) o /( 8+ 1) at least for small values of & («<10).
Hence, for determination of visual lobe size, Eq {11) becouess-
K, obp(x) :
24y 1.5
RO QKB)B"" Kl.R < (0‘4- 1) 5 1
108. [ ] M - 2 .2 2 i * s e e . (12) |
LB+ 1 (236M°.D° + B0R®)
with B as for Eq (11) and where @ is the radius of the visual lobe in degrees. Eq (12) is then the 1

Qomplete equation of vision for mﬁu.uition of simple targets in & simple background in a single glimpse
subjeot to the limitations on Pages 2 (shape), 4 (atmospheric attenuation lawa) and gbova. !

4. SIMPLIFICATIONS INT CE CF V. .
Ky Ap(x)y
Under conditions where RO K3) B is small (say<0.1) - a common situation for full
daylight viewing - it ie pozs:).blo %o “e‘.upluy she left hand side (L.H.S.) of Bq (12) considerably.
X, T
2 Aplzly )
RO K.})Be 1t K, Ap(x),B
Then 108 (‘oxl 3 ~ 2% !
o A Zx,
KSB + 1 o /M

Thia leads to a much simpler equation to inapeot; vist-

4.25K,. A (x), W2, 0% o £(C ) xl.a"?( 8+ 1) s o
- L J . . . . 1
A“(::)“(ﬁm“.n4 - R‘T{ (2361(2.1:2 . 3032)5

!
0inos log.(x + 1) s#x for emall x. 1

Now the L.H.S. of Eqe. (12) and (13) represents the average stimulus availsble to esch retinsl
receptor palr lying slong the image edye contour and the right hand eide (R.H.3.) rapresents the stimulus
Tequired to reach threshold at a defined confidence level.
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The R.H.S. contains experimental oconstants; range, angle off fovea, magnifiocation and target sime.
Henoe, il we hold these constant the R.H.3. besocomes a constant and we may universally equate the remaining
parameters in Eq (13), (t.s. Cyr 77 and ‘T(‘)I(/A (x) ), whereupon (:o-v(.AT(x)u/A (x)y) " constant may te

taken as invarient. This, of course, is 11tt18 mo‘x‘-' than & statement of the SutviSus.

" Por Bq.(12) or (13) when 235M°.0%a€ BOR? (say 9 1 20) then the R.H.S. becomes indapendant of M and
D. Alac around the sane oondition (131!4.1)4 * a‘)* beoohss nearly aqual to Rz. Thus under these
conditions, i.e. where !;l—n (1/7 7 the atimulus situstion becomes much simplified and

uz.n"’.t(co).v/nz n oomastant for a given system quality (Ricoo's Law for point objects).

4t the other extreme when 236“2.1)2 > 80R° X 10 Bq (13) eimplifies to
Ko by (x)ye 1£(C) K,.n"?(a.. 1) 5 "
- > . 0 . .
4, (xly 6ot 2p'*d

Similarly Eq (12) also simplifies to

K,. (x)
2 Ap(xly ) 1.5
+« K |Ba+1 K,.R"7(8 + 1)
108 3,y 3 - 'J'_TFAS_ Y A (1))
¢ KB+ éa'"2p'"
wnere B ay.f(C ).
Under these conditions, in either case, if threshold is designated by T,
1.5
(- 8) o B6s 1 C e . (18)
1(1 “1.§D1.‘j

which may be taken as & general lam for extended objeote.

5. THE SEARCH SITUATION

To this point all theory hes been applied to probability of acquisition in a eingle glimpss.
In a practical situation the target will be presented at scme position in a bounded search field and the
probability of detecting it in one glimpse will be related to the 8ize of the prevailing visual lobe
{(for the inetantaneous stimulus oonditions) and the eize of the search field. This will alwayg apply
for empty field search through a visual aid with any significant magnifioation, even when in & 8¢ called
'no search' mode, since the eyepiece field of view of most visual axde is between 30" und 50°. Even for
naked eys viewing thore is usually an uncertainty of pcsition of seversl dagrees, although this may not
be 8c in oextain woll briefed situations. Thuo the eimple single glimpse probability defined by Eqs{12)
and (13) ie & very inadequate representation of the complete moquisition process. However, it is etill
the basic input. What ie required is a modelling of the aocumulation of probability of aoquisition with
sucoeesive glimpses as the atimulus grows through thireshold.

If a weighted sesrch pattern and a scft-ghell vigual lobe are oonsidered - the realiptic praciical
cagg - then the computation is very oomplex. Fortunately it is possible reasonabdbly to approximate the
vieual lobe situation by defining & hard shell lobe as the 50% single glimpae probability envelope and
saying that all targets within the envelope will be detected and all outside it will be miesed.

Averaged over a number of glimpses this should noct be seriocusly in error. If also a uniform weighting
to search within the field is assumed (a reasonably fair assumption if the obmserver has no prior
information from which t¢ atructure hie nuch) it may be shown that tha single glimpse probability is
glven by

) 02 )2
Py = a/ep-q/46§ P 12
whare 0“ is the instantaneous value of visual lobe redius from Bq (12) using values of l(1 and 5
appropriate to 50% single glimpse probability, and 0? is the radius of the svarch field.

Then the total probability of deteotion in o glimpses will be
fm. [-?(1-;,@)] P 1))

This, of course, im only & true statement if the glimpses are independant.

The approximation of visual lobes as hard shells defined by the 50% probability contour is only
adsquate when the foveal single glimpse probability of detection is unity. When the foveal probability
of detection is less than unity, Oa muost be defined as the radiuas for a probability of pr/ and the total
probability muet be limited by Pg where Pp ie the foveal single glimpse probability. 2

In this case the single glimpse probability ie

(’a/o - 84 02)2 (1
PpeBg = Py F F e e e e e e 9)
In general the cumulative glimpse probability after m glimpees ims given where
2
- - - . - DY - - ﬂ -
Pro = o = Pt = P Pp(ai1) (1 = Bg(agy)eeee Pyt - pgy) o Tpglh - 0D

Twld
or §, -5 - T v 0= p) N €O




For a 'no growth' atizmulua situation Per and p_ in EQ (20) are conetant and squal to Ppn ad p"I

e
reapootively. In the cage whers the stimulus is growing through threshold fairly rapidly it is likely
that p, after several glimpres will be unity and that the only glimpses which contribute signifioantly %o
!n ard'thoss where p. is unity. In this case !m is given by Eq (18) approximately.

N.B. If cne has not s dounded field (i.e. neked eye situation), it is ooneidgred that no correotion for
fiald boundary is required and it ie then prodably permiseible to uss P, = @, 02 inetesd of Bq “n.
F

¢, CIIONS OP ORY T

In order to check on the adequacy of parta of the extended model of viaion it ia necessary to find
oontrollad laboratory deta taken undar appropriate ciroumatances againet which to mske prediotions in the
first instance. Now a majority of laboratory data is neither true single glimpae, true randam search nor
true infinite viewing time. Howaver, three particular
syts of data wera oonasidered appropriate - those of Stimulus
J.H. Taylor (Ref.7) for aingle glimpae detection of Diameter
various sizes of objeqts in peripheral vision, those of Al d (Degrees)
Krendel and wodinsky (Ref.12) oconcerned with ampty field
search and Blackwell's infinite viewing time foveal . 0.017
detection experiments (Ref.3) for stuiying suall size .
effects. i °

6.1. Paripheral Vision

In order to check the adequacy 0f the extension of
the model to peripheral viaion an exerolse was carried
out to attempt to find cne pair of constants K, and .
which would fit the whole renge of J.H. Taylor 's data o ©
obtained at a background luminance of 75ft.L.. It was D
found that one pair of constants would indeed provide a o
very adequate prediotion of these data - K, = 1.1 and .

& = 0.0004. The prediotions of Taylor's 4ata ueing
these constanta are ghown in fig.i.
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6.2. Empty Field Search

Krendel and Wodinsky's data are evailable as a -l
set of mean search times for differsnt combinations of 0,25
oontrast, 8ize, field luminance and search area. ]
With such a set of data it is preferable to work ® ®
backwards from the set of msan search times for ®
varinus object sizes and contrasts and to compute a
set of values of K, necessary to prediot them by @
aseuming & is as uded previously. ®

log1 oc
—Or
®

Y
-]
L]

* 2.00
Now there is a suspioion of wasted glimpses for . ¢ 0
small search fields as found by Enoch (Ref.13).  4Also -2 " e 2 9
all other data for which the model had been used aa & o
prodictor to date were obtained st high photopic levels.
Thus it was decided to compute values of K, for a
eselection of abject coutrasts and eizes at the highest
fiold luminance tested by Krendel and Wodineky and 1 2 3 4
with the largest and smalles* search areas studied. ’Eccontnoity. (p.gr“,)‘}
The largest searoh area, having a diameter of 43°, waa
well above the search field sizes where Enoah found
significant wasted glimpases whilst the smallest searoh -
arsa, having a diameter of 6.8°. was within the region goilghettliwqﬁaitiO:ifgrgnholdstuaing
where Enoch found wasted glimpses. (L. VI8 ?n ps onstants derived
from Taylor's 0.25° Data.

¢ Taylor's Data. o Predictions.

—. Y A i

Pig.1. Prediotione of J.H.Taylor's

For any partioular situation if we take the
search time for 50 probability this_may be related to
Eq (18} such that 0:5 @ 1= (1 = p_ )2 where m o t Jt (t_ « search time for 50% probability; ¢ e mean
asgumed glimpse timze). L 8/ % 8 €

For this exercise a value cf 0.} secs. was taken for tg. this being the median value ascertained by
a number of workers wno have studied eye movements.

Then, from this value of p_and Eq (17), one can derive a value of § and, from Eq (12),a value
of K1. The questians are whetﬂnr the values of K, for a given search ared are constant, whether the
nean value of K1 obtained for the large search arsa la significantly different from that required to fit
the Taylor data, and whether the values of K, for the small searoh ares are appreciably greater than for
the large search area. If the values of K, for a given search area are fairly oonstant this tends to
support the nodelling ooncept uaed. If thl nean value of K, is greatly differsnt from tnat to fit Taylor
data it wouid suggest a marked chang»y in basic foveal threahald pertfornance due to search,

The resulta of the exercise to cooputs a set of valugs of K, are to be found in Table 1. It will
be geen that the values of K, for the large search arsa are toleualy conatant cver a wide range of
contrasts and sizes, particu larly vearing in mind the faot that the tabulated results of Krendel and
Nxdinsky are taxen from best fite to their date which they acknowledge themselves to be not elways good.
Qf greatest iuportance is the fact that there are no oﬁﬁua trends of l{1 in terws of size or contrast.

_— 'y [ NEpO=- ==
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Search Fleld| T The aversge value of K, for the large search
Search fleld | Jemst |Contrast) Mean30L | Xy | rie1d (K, = 1:62) i6 abpreciably highes than
that reqlired to fit the J.H. Taylor data.
degrees ming. secs. q ayior
Part of this difference is to be expeoted due
43 4.8 0.43 7.2 1.47 to the Krendel and Wodinsky data being
0.68 2.7 1.28 obtained at a lower field luminance than that
used by Taylor. 1In addition it is to be
13 0,086 21 1.91 expocted that the thresholds will be higher
0.11 11 1.88 than those of Taylor dus to the method of
0.14 3.3 1.43 experimentation being one of f{ree chojoce.
o 0.03 37 150 The values of K, obtained for the 6.8  search
0.072 3.6 1.88 field are less latiatwtorily conatant.
* ° * They are, on the other hand, very appreciably
6.8 13 0.086 1.8 2.68 higher than those for the larger search area,
- the ratio beirng approximately as would de
24 0.03 8.3 3.00
0.038 3.7 3.50 predicted from Enoch.
6.3. No Search, Infinite Viewing Time
Table 1. Selected mean acquisition times from
Krendel and Wodinsky and values of K, to match with The opposite end of the viewing

the model of equation (12) using gli

0.3 secs.

lpae times of

spectrum from wide field search is where we
have no search at all, an extended viewing
time and no atimulus growth. This is
represented in the laboratory by Blackwell's
classical Tiffany Foundation oxperiments
(Ref.10).

Such a viewing situation must yield the absolute maximm acquisition ranges for a given set of
field conditions. It was postulated by Overington and Lavin (Ref.2) that for such a aituation the basic
threshold formula for foveal vision should be modified by removing a/n noise function. Thus the formula
proposed for infinite v.ewing times instead of Eq {2) was

(k, + K )X+t K
3 1
loge[ K3C . 1 - n(n _ 1) L 4 S e ¢ e e (2‘)
Converted into a size, contrast and range function similar to Eq (12) this becomes:-
—-—(—)—Kz"'r(x)" X )3 1 K,.R%.( 8 + 1)1*%
log A, (x)y 30t . s . & (22)
. 2 2 L] . L] .
° KB 3 (23612.0% + 80R%)

where in the limit, for fixated foveal viewing, Og-v 0.

The values of K1 and & necessary to
fit the Blaclwell data at 30ft.L. have been 30
computed. They are found to be K1 = 1.05
and § « 0.0004 which are virtually' the same
as those shown to be necessary to fit the \
Taylor data (obtained at 75ft.L.) using 10
Eq (12). Por a fit to a typical set of
daylight data (e.g. 300ft.L.) it was found

necessary to reduce K, to 0.74, retaining
& at 0.0004. The flte achieved for both
30ft.L. and 300ft.L. are showmn in fig.2.

The implication of the close
agreement of constants for similar
luminance in this and the preceeding
Sections is that for a fixed field
luminance total visual performance for
simple stimuli may be predicted by cme pair
of constants simply by invoking a
progressive 'suppression' of receptor
channel noise as glimpses axe overlaid.

S bl )

D.001 0.01

.

Fig.2.
Search Cuxves.

0.1
Contrast.

f

d (mins, of arc).

Theoretical Prediotions of Blaokwell Infinite

It ‘15 postulated that the form of Data from Blackwell - & 300 ft.L., & 30 ft.lL..

this progressive supprension of noise is { e 300 ft.L. ix = 0.74).
itself a cumulative protability function. Theoretioal Predictions - 1§ , “35 oy, K] = 1.05).
Then for a finite number of overlaying
glimpses N, and with an infinite viewing
time foveal probability fr = 1, we have

=N

IN-1-E(1‘p¢q) 0000..-.00(23)

where !N is the accumulated probebility in N glimpses.

Pgq

For a search situation where mOE > Oi, we still have

Eyat- (1 pg)

<1

is the single glimpse probability on the gqth. overlaid glimpae.

where N -ai/og .
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However, in place oi' Bq (18)

| s
j_.1-lf1(1-§n) o« o o (28)
12} where s = ’;/ 2 and r relates to
the rth of a finite™mumber of glimpse
. positions s.
‘|10t
é Por a substantially no growth
5 situation these formulas becane simply
8-
N
= gx=1-0-5)
3 6f md Foe1-0-3)°
el o .~ e I = 3002t.L,(approx)
3 /’/,o . co: - 0.6 whenoe § «1- (1 - pe)n'
o 4 / o MD = 23 metres.
3 v Op = 500 it Neaen
- - u
z- o{% : g:gontNSQ . In - 1 - (I N pe) : ' ) (25)
i.e. a simple cumlative probability
o 16 2(.) 3:) function for m glimpses.
Visibility (X=) Equally in a no growth situation

where foveal probability is Py for single

glimpses and jf for infinite viewing time
Fig.3. dcquisition Range v Vieibility for a variety q;rl{
of Conditions where v = 0.2 Km/sec.. Iy-23,- T (% - Py
x Reference Conditions- #p = 25° C_ = -0.9, MD = 3Ometres, 9=

I" = 30ft.LS (approx.). 3
Al conditions plotted have v = 1, Lr(x)l/‘ (x), = 1. §u ® Pr= ret (pf - !N)
Other conditions quoted are variants from oM . I - - ni' - ! . ? (§
the reference condition. <o Ba = Pe- oy [P £7 qe1 ‘X2 " pa)

w Bare- [ e (Ep o) Tt

This formula fits all end conditions and explains the transition from single glimpse to compound
glimpse situations.

N.B. N <1 but can heve any vglue greater than unity (i.e. is not ligitcd to integer values).
When N « 1. 1<s <9r/ai. When N 1, s e 9r/ai.

In a stimulus growth situation, of
course, the stimulus is growing through
threshold during the accumulation of
overlaid glimpses. Thus each overlaid
glimpee is 'stronger' than the preceeding
one. The detailed mathematics of
acoumulation of overlaid glimpses in this
situation, which involves growth of visual
lobes interacting with search accumulation,
is beyond the scope of the present paper.
It is therefore recommended that, for the
present, the fixated foveal viewing model
in a growth situation be used solely as a
predictor of absolute maximum acquisition
range &8s growth tends to zero. A
probable minimum acquisition range may then
be predicted by assuming approximately
20 overlaid glimpses necessary to approach
the infinite viewing condition. Knowing
the approach speed and assuming an average
of 3 glimpses/second the maximum
differential olosing of range during
accunulation of glimpses may readily be
computed. 4

7. PRACTICAL USE OP THE COMPLETE MODEL

We are now in a position to
consider the total random search situation 0 . . .
(assuming independence of glimpses) and 10 20 30

the bast performance with search tending
10 zero. Visibility (Kam)

Now the main purpose of this
conprehensive model is to study acquisition Pig.4. Acquisitior Range v Viaibility for Various
performance in a stimulus growth situation Search Conditions (Large Target).
in the field. For the computation in a [ ap = 0 (single glimpse foveal).
search and stimulus growth situation s » OF a 259, A4 X 509,

<2

-l
£
| 4

\

)
o
]

®
v

Basjoc Conditions.
c° " - 009 3
MD = 30 metres.

I - ” fto!lo

n = *r(x)u,‘.(x)“ =1
v = 0,2 Kn/seo.

Acquisition Range (Km)
[,
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velue of R ia first obteined from Bq (12)
or (13), with @, = 0 (t.e. for foveal

single glimpss deteotion). This value 12b -
of R is then usrd as a Btarting point
for searoh probability computations.

A set of range increments are
next ohosen from the computed value of R.
(Increments of C.2Ka.are found to be
appropriate for aireraft approach).
For the first of thess ranges Eq (12) or
(13) 18 used to compute a value of # .
The value of 8§_ 1ia entered into a

o

Acquisition Range (Em)
o

probability prodram together with ’F Co = = 0.9
and a aingle glimpase probadility 4r LD w 3 metres.
compated. A number of glimpees for I = 300 ft.L.

the differential range is computed {rom Mm w = "P(:)I/A.(!)H .

mean glinpase time and approasch speed 2t

using m = AR/vt where AR ia a range v e 0.2 Kn/sec.
increment, v is “the cloeing velooity °

(Kn/sec) and t_is the average glimpee —L . L
time. By 1ne§rpolttion the cumulative 10 20 30

probability over these glimpaes is
produced. Finally more values of
range are injeoted intc Bq (12) or (13)

Visibility (Km)

and the above procedure repeated until ——&j—gin.;cl.\ Co::gﬁ:;:i?gmiﬁu;g; zt;ibiuty for Various
the required cupulative probability ie get/.

N ®m Fixated foveal (nc search, no growth).
achieved or the occmpiete cumulative Y aF w O (single glimpae fovn.lg.

probability profile is constructed. o 8 f. 2.59 s OF 50

For prediotions of 'no search'
performance for a set of viewing
conditione a value of R is obtained from Eq (22) with oa set squal to zero.

A computer program has basn written which combines Bq (12) and (13) by inolusion of a 'power’
constant on the R.H.S. and alec allows an alternative input from Eq (13). This program then allows
computation of an appropriate 50% probability acquimition range (single glimpse or infinite time) and
goes on to compute the complete cunmuiative probaovility/range curve where appropriate.

8, SOME SAMPLE OUTPUTS

Amongat the factors studied using the amodel to date are some typioal relationmhips betwaen
aoquisition range and prevailing vieibility for a selection of target sizes and eearch areas, the effects
of gearch area on aoquisition range and acounulation of probability for specifio sizes, and the effect
of image quality on aoquieition performance. Some pample results are shcrn in figurea 3 - 7.

In figure 3 are shown a number of acquisition curves as funotions of viaibility. It is interesting to
note that they are all of very eimilar shape. Certain of these ourves, most particuiarly the wide

field search curves, have been verified in field triale as being aocurate in both trend and absolute

value (visibility being measured along the meen inclined viewing path which is very different from
meteorological horizontal ground vieibility - eee for instance Ref.id). In figurees 4 and 5 the maseive
effucts of search on acquieition
in a etimulus growth situation

ars well illustrated. Note
particularly the vast difference
between best f{ixated foveal
aoquisition and that with

1090 diameter search field in fig.5.
Fig.6 illustratee the changs of
slope of the cumulative probability
ourves as a function of both
vieibility and asarch area.

Finally in fig.7 oan be seen the
effecta of degrading the retinal
image sharpness by a faotor of 2.

l&b-lvuloml.
O&G-R'OZOKII.
o&f-nv-”l(l.

9. CONCLUSIONS

Probadility of Acquisition.

It has been shown poseible
5 10 15 20 t0 develo) a complete model of the
Range (Km) vieual aoquisition process for a

Fig,6, Typical Probadbility / Range Plote as a
Punotion of Search Angle and Visibility.
(v« 0.2 Ka / s00.)

8% . 8,-2°

x  Foveal single glimpee aoquieition range (9-0.5).

<3

random search situation based on
the physical properties of the eye.
With the nodel it becomes possible
t0 investigate the interactiona
between such faotore as searoh
field area, retinal image quality,
target growth rate and vieibility,
as well as taeir interactione with
the nore 'standard' parameters,
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aize, contrast and lusunv.e.
Practicsl situatione sluisen w1 lgte
12} show search ares $o be u =ajcy
fadtor vontributing to acguinitii
range;, overshado¥Wing L:e eflo.\a if
aany other parassters. Thin
ouggests that toure ark ba s
advantages to be grine . Yy, vies
possitle, minimieing asaral !
developing optimal retanr thie,
randog search atrategisn.

@
+~

Acquisition Range (Em)
S

D = ———————— —
9 ]l =
4 N1 =
fp =2 )
2 v = 0.2 kn/sec. Figel.  Trpica: Effe-t o1 irnyr-
] Quality c(n Acquisition tasge.
) . \ N o A ")n/A'(x)III ..
30 \
10 X o Lr(')l/b.(n)i . e
Visibility (km)
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The "K" Factor in Air-to-Oround Aoquisition Modelling.
D. G. SILVERTHORN

BRITISH AIRCRAFT CORPORATI(N LIMITED
GUIDED WEAPONS DIVISION : BRISTOL WORKS

SUMMARY

The simplest acquisition iask from the modelling viewpoint is that of deteotion under conditions
in which the target and its looation are fully learmed. This task is scored as a "potential dstaction
range". The starting point at B.A.C. for modelling this task is the Tiffany Data (Blackwell, 1946) which
provides the probability of datection at a given target contrast as a function of mngular size and field
m@tneu. The link to detaction rangs is provided by appropriate size~range and contrast-range

ctions.

This paper illustrates that correspondsnce obtained between the shapes of the probability-range
ocurves is good both for field and simulated field deteotion data, but that aotual performance levels are
-much lower than predicted. A "degradation” factor (the K factor of the title) has been introduoced to oover
this discrepancy and a similar fudge factor has been invoked to cover differences between simulated and
direot fiaeld trial data.

The paper exarines the fectors on which K is dependsnt and describes relevant eaperiments at
P.A.C. and the associated attempts at modelling them. It is at once a progress statement and an indication
of the necessary furtier stuuaies.

LIST OF SYMBOLS

=Area

-FMeld (or background) brightness Ft. Lamberta

~3ky-ground brightness ratio

~-Apparent contrast i
=Intrinsic Contrast :
where contraat is dsfined as the ratio of the brightness difference between terget and :
baokground to the background drighiness

-Glimpse time

-A1t{tude

=Dsgradation Factor

=Nuwber of

~Probability density

=Single glimpse

~3ingle gliopss foveal

~Range

~Stimulus value

~S3tatistic "numbar of standurd deviations"

~Vigibility

-neasures in Cartesian coordinates

-gngular sudbtense

~Cumulative Probability

~-Angle off axig

-Jtandard dsviation

oc:odw‘»
®

=p

HR

Ml rODOG Y =
T e d a1 - 4 e B '

=

9 ow g

The symbol ~ (circumflex) over uny other symbol refers to the madian value.
1.  INTRODUCTIOX

Modelling in any sense requires a definition of aims, idantitication of relevant parameters, the
oollection of relevant theoretioal and/or empirical data, assembly, or programming end finally validation.
It is an iterative, learning processj it is a simplified, incomplete expression of the reality; its suoccass
and its value deponds on the ability of the modeller to identify the relevant paramstars. In a sense, the
wode)l stands for a scientitic hypothesis and as such should be capable of predicting effucts uhich advanoce
the understanding of underlying procssses. Arising from tkis, the sensitivity of the end product to the
various input factors and Lo their inteructions can be assessad with the aim of simplification and also to t
stimulate further dsvelopment. Agein, in validating the model against experimontal or field data, it must H
be expected that inconsistencies will be revealed when such data is derived from situations akin to i
but not idontical with the syster modslled. The model hcwever wouid be of little value if it had no
ocapability or extrapolation: part of the validation process must be to delerminro the limits to
extrapolation.

This paper first considered the alms of modelling target acquisition for the air-to-ground case
and is followed by 2 rwawary of the relsvant parametars to be considered. A simple model for the no-search
case ir discussed and 8 used to introduce the K or degradation faotor as a necopeary element. A more
advanccd model for the no-search case, best handled by a digital oowputer program, is given and the results
of certain comparisons with flight and simulated flight experimental studies are described.

2. MODELLING AIMS

¥odelling in the present ccntexti aima to predict the probability of acquiring the designated
target as s funotion of ite range as the target is approached on a defined oourse.

The term acquisition {9 used o cover "detectioca” as a response to the presenoe of an objeot, and
"recogniiion” ap a rvaponse %o tha preeence of an object matching the target description. The acquisition
task may be performed undar no~snarch or search conditions, with thne naked eye or aided.




hag not been fully dsfined at the prasent level of study. I shsll lsave it here simply as + 50% on the
threshold detaction range, ®, as given by the modsl itself and excluding errore in the measuroments of
input parameters such as visibility. Some such statemant is neceesary if the modelling is to be sffiscient.

Starting from & 'vest' performanco prediction, the approach adopted has been to identify the
sources of degradation likely to affeot the real world eituation and to estimato the magnitude of the
degradation or K faotor. The "best performance" prediotion as used in the present etudies is for the no-
sparch case and is based on the ‘area theory' of detection as exemplified in the Tiffany dats (Reference 1).

| Thie data desoribes the detection of circuler disc largets in a plain field as a function of their angular
' diameter ot their contrast C and also of the field brightness Bp. Unlimited viewing time was given to each,
well practiced, subject using the psychophysical "method of constanta“.

T -
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The aocuracy requirement, an important part ¢. any statement of modelling aims, is complex and
A

t Thera are alternative starting points which are well summarised by Davies (Reference 24). In his
paper 1o this oonference, Overington desoribes his development of an alternative based on an edge deteotion
theory.

The level of acouracy giver above might suggest that & crude model, such as R = K V might be
adequate. Inspoction of experimental and field data shows this not to be the case; ths range of values
of K neaded is too wida. More detailed modelling can be expected to show the dependence of K, as defined
in this mnanner, on other factors as listed in the following seotion.

' 3. IDENTIFICATION OF RELEVANT PARAMETLRS

Sriofly, those may be considered in four principal groups as follows:

i 3.1, Visual characteristics of the target and field as projected along the sight-line.

Real-world targets are usually three-dimensional objects of complex interior detail; while the
dimensions can be regarded as fixed, brightness levelo will depend on the direction and intensity of
incident illumination and the reflective properties of the various target surfaces. The fisld will generally
be structured: the ievel of background clutter, the presence of objecis confusable with the target and target
screening will affect acquisition. The target position in the field will be known for the no-sezrch case
and wimown, but within a defined area for the search-case.

T o wm—,

The sight-iine direction may be reselved in terms of alonge-track range, offset and altitude. These
are taxken ec the dasic gevmetric factors uffecting scquisition.

' Obseryer

Attitude

Offset
.Torgd

These and their rates of change may have psychological and well as physiological implications for \
the observer.

| 3.2 odification of the target/fie.l.d charactoristics by transmission through the atmouplure.

L The principal effectc here are well established and operate by attenuation of the targst intrinsic
} contrest. The sioplest expression of the affaect is given by:

C = Cqe ™™ —_(")

o

(where the constant }.92 relates to a visibility cdefined by the 2. resicual contrast point). A more
‘ appropriate expression for air-to-ground viewing io given by:

C
= —————
| C IT"’_W_Io N (2)
(which reduces to (1) for a siy—ground brightness ratio, b=1),

effects, the presence of broken cloud bstween sun and sight-line, preocipitations and localised industrial

The velidity of these expressions depends on a homogeneous atmosphera: altituds (or layering)
1aze arc typical factors which may upset this homogeneity.
f

includes

(i) Properties of the imaging system, suoh as magnification, veiling glare, transmission
less, field of view and blur. Similar factore will apply when simulating rezl world
gituations for experimental purposes.

{i1) For optical systems, the interaction with the optical propertics of the eje. - e.g.
aperturw effacts.

| (iii) Interaction with the observar's interpretive capacity - particularly for Infra Red and
4 Radar imagery.

3.3. Yodification of the tax‘cet/field oharaoteristics by imaging systema. The relevant factors here 1
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3.4. Observer Charaoteristics

The obaervar, receiving a visual input, will oorrelate this with mexzorised information to reach a
descision and then to make an appropriate responss. Faators affecting hie performance inoluds;-

(1) Optiocal afficiency of the observers visual process. Mechaniocal effeots of the enviromment,
partioularly vidbration, should be included here. Targot and Fleld motions relative to each
other and to the observer can also be expeoted to affeot visual performance.

(1) Payohologioal faotors, affecting the ability of the observer to interpret the viaual scens
in the light of the briafing given and to make the appropriate deoision in both search and
no-goarch modes. In the search oase, approach speed and pearch area must additionally be
oonsidered. Impliocations of the required response for the observers dsoisiun making must
not be negleoted.

4. A SIMPLE KO~SEARCH MOIEL
4.1, Mathomaticel Description

We assume an approach along the sight-line to a target of area A, normal to the sight~line. At
a range R then, the angular diameter oL, of the ocircle of equivalent area is given by:

"

o = 3879 Aa
q'R

(3)
Assuming A vieibility, V, the apparent contrast Cr at range R ip taken us given by oquation

(1) vizs
C. - C e-lﬂl &/v

8 (-]

The Tiffany data as reported by Blaokwell for foveal, unlimitad viewing time ie approxizated,

for the threshold, by:
h
g = ok C
_...—..(4)

for small angular sizes, & < 5 minutes of ara. '§, the threphold stimulus, is a constant for a given
vackground brightnesu.

"
o similarly describe the atimulus magnitude at range R by Sp = % Gy which by
substitution frono (1{ and (3) becomas:

874 (AL 5)

IQO. R/V

Since Ao and Co are "intrinsic" characteristiocs of the target we define an intrivaioc stimulus

S =3879(AC,)" whanoo
S

which in llaperian logari thme becomes
log. Se = |03‘S° —(log‘R+ I'QBR/V) (6)

Using the approximation
o;.q.c/t' 0-542
for the "frequency of seeing' surve given ty Blackwell, we find

» 0271
lo, (% e t 09,.('/8 02
The probability of deteotion at range R is then given by:

- t_g
. - (2ry* j_:  a ———e(T8)

whers t‘ B _!an.él._-_‘_?%ki e T1)

Siog, /8

<8

A e e e e




Pl

B3=4
Tinally, simulating the approwoch to the target by inoremental steps in rangy, and caloulating
at sach mtep log Sy from (6) , &, from (7b) and thus §_ from (7a), we therefore map out the .
oumulative deteotion probability. By its derivation, this ngcribu the probability of detection given :

unlimited viewing time at each range. ¥hile thie is not of much practical field valus, it does ocorreapond
in experimental situations to what we have called "Potential' dateotion probadility.

Fron this analyais oertain other featurea of the model [ollows

(1) The rangs at which a given probability § is reached is given by:

Jra—

log, Ry + FbRYA/ = log, S, = log, Sy (8a)

where |03‘ 5’ = \og‘g + { 0\’08‘573 (&) '

In particular, the median datoction range is given by
log, R + 196 R/V = log, S, - log, 5 —s)

(11) Sines log $ is, appruximately, nermally distributed about loge S, then (loa R +i9b R/V) |
ie,approximately, normally distributed also,from whioh it appears that neither log R nor R : 1
can be normally distributed. However, for purposes of =* tting cumulative probability : |
curvos as predicted by modalling, and determined from experimental data, it has been found i
helpful to express these curves in PROBIT v LOG RANGE form (where PROBIT = t + 5 t this i
will be reoognised as equivalent to plotting on normal probability paper). i

|
i
4.2, A First Comparimon With Experimental Data i 1

Figure 1 illustrates at (A) model prediotions and at (B) certain experimental results expressed
in simidar form. The model was not used here tc predict the experimental reeults but to show that the
general form of resuite is compatidble. An interesting point arises here:; the value of 67.,.:/1 used in
b the model is derived from Blackwells "average observer" while the experimental results are based on 4
replications by each of 6 observers. This suggests tho Blackwell variancs to be too high, which is in
accord with valuos commonly found in our own experimentation on thresholds. This disorepancy may be due
[ to the different paychophysical methods uged by ourselves and Blackwell. Sainoe we use a ourtailed method
- the “threshold treoking" method-we acquire data from individual subjects over a matter of a few days
while the more elaborate method of Blackwell involves subjects for much longer periods.

It will be observed also that the experimental resulte depart from the expeoctation provided by
the model for the 10Km visibility oase. 1hile we oan largely diacount results at greater than 90% or less
than the 10% levsalas on the basis of their low accuracy in probability, there doss remain an effect to be
explained.

L' 4.3, The Degradation Factor, K.

In order to seek a matoh betwson the experimental data and the model prediotion it is convenient
to introduce a degradation faotor K into the wodel. This we assume, in the first place, %o operate on
' the threshold stimilus S such that the dograded stimulue gl( is glven oy3
5. = KS
where K is greater than unity in the sense of degradation and less
than unity in the sense of onhancement. Thus

|03¢5K= \og‘K+|03¢§ (10)

Replacin, ‘Ogc s in equation (8b) to represent tha cperative threshold characteristic and combining
' with (8a) and (10) givess

|03¢R, + 196 RNV = log, So= ioq‘g-' {0:,,‘;/3 “loge —-... -(11a)

or for the threshold range

- - -

'osth + |"'\Q:?</V = ‘ogtso—\ogtg - ‘ag'_K e ee{11B)

Clearly, the degradation term, lc:ge K, can be seen to descoribe aleo a degradation of the
intrinsic stimulus through intrinsic contrast and, or absolute area, This incidentally provides a mears
to represent magnification and veiling glare factors in sight systems (sight transmission loss can be

' represented direotly by a degradation of the threshold stimulus).
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4.4. Further Comparison with Experimsntal Data

The teak uet required subjects to desteot & diamond shaped rarget aided by a X10 magnifiocation
sight. The simulation provided a target growth situation as represented in equations (1) and (3). The
target was prosonted on a plain illuminated soreen eo observcd through the fixed sight es to appear
randomly in ono of several positions. Targeta of two sipes were used; visibilities of 10, 20 and 30Km
wera simulated. Each of eix oubjects complsted four runs at each sige and visibility condition against
randomly selooted target positiona. Fagure 1 illustrates at B the cumulative probability ourves for the
three visibilities at one size.

it B e <t Mool AR s s i S =

To estimato the degradation faotor, using equation (11b), the median detection ranges for each
size-viaibility combination were extraoted and used VYo caloulate values of “og“’"ﬂ(v LUTD) . Using
the intrinsic ocontrast of 0.8 met in the simulation and the two sizes (7.4m2, 14.&n2) together with the
sight magnifioation values of §, were obtained, A valua -0.575 was taken for log §, oonsistent with
the Blackwell YFoveal unlimited viewing time data of 10ft Lamberts, which assumed %hs sight transmission
loss. The values of K then ocbtained from (11b) were:

e i o MR

A, V.(Km) K A, V{Km) K i
10 18,3 10 19.3
7.4 20 16.7 14.8 20 17.1
30 17.2 30 16.3

Using the mean value of K viz 17.5 in (11a) the median, 10 and 90% pointa were estimated with
(b&,/g s 0.271.

The dota is illustrated in Figure 2, together with the predicted 10, 50 and 90% points, as a
funection of visibility. For all practical purposes a good fit can be olaimed — but it remains to show
how far the degradation factor can be predioted. There is olearly no single source of degradation and
the following oomponents have been identifisd for the present example. !

I

(1) Task differences between the experiment and implied by the simple model: in partiowlar
there is an element of search in the experimental task which is more akin to the Blackwell
6 second, 8 position search case. This difference, estimated from the Tiffany data ie !
reprosented approximately by a degradation factor of 1.6, A stimelun growth situation,
in one direction omly, is provided by the experimental task. Davies (Raference 2) i
suggests that for this case an inocrease in log, € of 0.55 is appropriate. This is
equivalent to an inorease of 0.63} in log,_S , Or to a degradation faptor of 1.9.

(i1) Sight effoects. Transmission loss and nagnifioation factors have already been includad
in the modelling. There remain veiling glare and blur effeots. The latter has not
been estimated for the sight used but the veiling glare effeot has been estimated at
providing:-

SN T LUt e o4

Apparent oontrast = 0.7 X target oontrast at the soreen.

This is equivalent to a degradation faotor of 1.2. A further fastor, whose magnituds
has not been estimated, concerns the setting up of the sight in terms of foous and
inter~pupilary distance of the relatively inexperienced subjects.

o e gl ], 2 M e

(i11) BEffects of target simulation ss thsy affeot the quality of the image presented on the
ecreen. Intrinsio contrast and the effact of visibility were checked at one position
on the soreen and for a relatively large target. A bies was in faot found in the
occntrast measurement but the corrected valus has been used in the present modallirng.
While it 13 now felt the method of cheaking out the simulation was inadequate, more
dstailed studies of the equipment have shown that the degradations introduced from these
sources would be yelatively small, A faoter not considered is that of degradation of the
simulation by vibretion in the optical systems.

- L

(iv) Subjects; although practice was giver, it was not as comprehensive as that given to
subjeots in the Tiffany experiment and it has been found that our equipment engineers
porfors oonsistently better than experimental subjeots in this simulation. However no
controlled studise have been oarried out and we are not able to estimate the degradation
factor applying.

[

The combined degradation fastor taken over all faotors for which estimstes have been mads thus amounts to
1.6% 1.9 x 1.2 = 3.64 - which falls far short of the figure 17.5 estimaiad to be present. Subsequent
ohecke of the equipment showed that sight setting-up oould bs a very oritiocal factor and also an optiocal
coaponent to be at fault. These were subsequently corrected and much improved repulte obtained. As far
an the modslling is ooncermed we have to reoconsiGer whether the experimental situation i{s covered by a
simple degradation of the no-eearch case.

ol ol

5. A SECOND NO-SEARCH MONEL

Sl Specifioation

This modsl is developed from the eimple model of the previous section snd provides for:

(1) Alternative targets; either a oubcid of given dimensions (height, width, length) or a
oone of given height and base radius. The bases of both ouboid and cone 1lie in the ground

30 _
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plane.

(11) A straigh® and level approaoh to the target with given altitude and offeet, and in the
case of the ouboid, novmal to the plane osontaining one face.

(111) Caloulation of Ay, the target area normal to the might-line at renge R along traok, to
replace A, in equation (1).

(iv) Atmospheric attenuation of contrast as repressnted in squatien (2) L.e. including the sky-
- ground brightness ratio. (The target is assumed to have no interior detail and to present
a oonstent intrinsio oontrast against a plain field).

(v) The atimulus charasteristic to be expressed as tabular valuss of threshold oontrast against
angular subtense; thus removing the sise oonstraint existing in the earlier modsl. The
“frequenay of Beeing” curve is here represented in Otey, ¢/¢ Whonce the statistic t of

equation (7b) becomes t = ‘3:23‘ —log, . The degradation faotor ie representcd by a
ghift in the contrast axis vie *t fe ok E or logt, = logeXeloge T, Hence

it is the square of the degradation faotor of the previous model.

No direct validation of thos modsl has been attompted. It is thought more useful to draw
oomparisons with experimental data obtained from flight and simuwlated flight situations. The chief problem
arieing fror realistioc situations i3 that of obtaining an aoccurate desoription of the target size and contrast.
In its absence we oan expsot only to uraw broad comparisons on the effects of principal fastors. Two types of
acquisition tamk must be distinguished here: acquisition when the targeta position in ths terrain is exaoctly
known and acquiaition when the position of the target (if present at all) is uncertain within a dafined search
area. It is oonsidered that the first task is ocovered by the present modsl through the degradation factor as
oonsidored in the previous seotien. The second task however requires a different modslling approach as
given in the next seotion.

524 Some Exercises with the Model

General exercises have been oompleted for a wide range of levels in the various factors,
particularly for the ocuboid target. Offset was generally ignored since, as far as the model is ooncerned,
it is symnetrical with altituds. The general form >f the results notained are in good agreement with the
prediotions of the simple model previously desoribed. A typical sample of the oumulative probability plots
obtained is given in Figure 3 while Figure 4 summarises some of the results obtained. Of partioular note ist

(1) predicted altituda effect which ia given by
gh';n 1220 Km o(R at 150m) + 0.3 (in km) for a oube of 10m side

R at 1220m « 1.12 (R at 150m) + 0.8 (in km.) for a horizontel square of 10m eide and the
difference is negligible for a vertiocal square of 10m side.

(1) The effect of siky—ground ratic is oonsiderable and draws attention to the need for good
photome try.

A speoial exsroise was oarried out to prediot acquieition performance againet targets of similar
shape but differing soales (the ""Soale-factor" effect). The full-scale turget used was a ouboid of full-
soale dimensions 18.3m high x 91.5m long x 18.3m wide. %, # and % scale targets vere also used. The scale

faotor effeot was examined for various contrasts in the range 0.05 to 0.25, alti. - 79, and 150m, zero
offeet, sky-ground ratios 1 and 5, visibilities 10, 40km and infinite, and dsgradavicr ‘asvor of 1 and 5.
It was found that the results could be expressed closely at any probebility level t~ - - R, i8,V)

where Ra and R, are the deteotion ranges for a target of soale s and full soale respwc .. ly.

RS
For V =ao, £(s,V) =8 ; V=40kn, £(s,V) = 8% ; V= 10k, f(s,V) » o¥
The lattes two results reflect a ouriocus coincidence in tha choice of visibilitien!l

53 Some experimental studies completod at B.A.C. with implications for modelling.
NOTE: These acoounts refer to Cind, Terravision and STAF simulations, ocutline desoriptions of which are

appsnded.

1 Altitude

A nunber of exporiments have been oarried out at B.A.C. in whioh al“itude has besn variable but the
most relevant of these was a direct study of the offecta of altituds on both potential deteotion and, on
potential recognition performance. The Terravision simulation was used: each of asix subjects perfoimed
the acquisition task against each of eix targete at each of four altitudess 6im (200 f£t.), 122m (400 ft.),
232m (760 ft.) and 608m (2000 ft.). The targets were:

1) Wing of a country house

2) Signal box on a railway siding

3) A specified oil storage tank of a group
4) Main blook of a power station

%) Vortical plane square of *0.7m side

6) Horizontal plane gquare of 10.7m sids.

Mean potential aoquisition ranpges taken over subjects and targets for each altitude were as tabled below.
1t was found that the relationships of both deteotion and recognition ranges to altitude could te expressnad
in the form:

R - k o

e RS
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"Bast [it" procedures yielded k « 2.34 ‘IO'3 and n = 0,25 for dateotior and k = i,30 x 103 and
n » 0.28 for rocognition. For oass of computation it was amsumed n = 0.25 for both ocases, sdjusting tho
value k for recognition to 1.61. Using these values detection and recognition scuree were predicted ss
given in the tablo below together with astimated errors with respesct 10 actual values.

PABLT OF MEAN RANGES (Km) ALTITUDE (m)

sGane Gl 122 232 608
Detection 2.22 .12 1.64 4.57
Recognition 1.55 2.3 2.59 3.28
Predicted Detection 2.56 3.4 3.46 4.55
Percent Error (Dstection) +15 -3 -6 0
Predicted Recognition 1.8 2.19 2.50 3.28
Percent Zrror (Recognition) +19 -5 -3 0

(The negative sign on percent arror indicates an undsrestimate)

The level of error achieved is well within the requiroment, although not shown here are
differonces between targets. The errors howeverin both scorea at trne 6im altitude are reletively large:
it would thorefore be dangerous to extrapolate the present result below this altitude. Since the
simulation used provides ossentially an infinite visibility, we can expect the parameter k to include
degradation factors as oonaidered previously. Thus a better working model for the altitude effeot might
be:

.‘_
RH a R608 ( H ) ¢ oovering both detection and recognition. To use this of course it is

necessary to predict the acquisition range Rgyz at an altitude of 608m,

14 will be noted that the altitude effect found in the swudy is much greater than that predicted
by the model. This result is confirmed in other experimental studies including those of Dyer (Raference 3).
A likely reason for the obsarved better performance wWith increesing altitude is the reauntion in scraening
affordsd: this is less by direct ovscurations since in the present study targets were located to avoeid this
but rather by target to background merging. This being the cese, the model shouwld approximate high altitude
conditions (apart from visibility effeots) bettor than the lowen Alternative reasons for the obsarved
discropancy include possible variations in target intrinsic contrast as a junction of the sight~line
direction, and thus of altitude, but the broad agreement with Dyer's flight data suggeat thie is a sacond
order effect or that the simulation agrees well with the real world in this respect.

2. Speed Studies

In various 3.A.C. studies where it has beon an cxperimental varisble, 3pecd has had a small
eifeot on acquisition tanks where the target position rolative to the terrain has been given. This is in
accord with the view that such tasks have a relatively small search content and can bc modelled Ly eimpie
degradation of the no-search cass provided the target area acquisition is not delayed by a paucity of
terrain clues,

3. VPirst Run Versus Poiential Recognition Performance

An cxparinent was carried out, using the cine’ acyuisition simulatlon, to study the learning affeot
over consecuiive runs against each of six specifisd targets. Tho six, relatively inexperienced,subjects
used were given map briefings es to the target location. It was found that the leaming couid te expresascd
as:

-cn

ﬁn= a=-be

Average values of the parameters a, b, C taken over subjects are given below for the six targets.

Tarpget a b c a' P

Te B::g:a‘y Road 4.78 5.15 0.88 4.97 59

2. Reservoir 5.45 517 1.02 5¢62 64
Causeway

3. Radio Masts 7.7 6.90 0.5 7.34 42

4. lizinterance 8.29 8.31 0.50 8.30 59
Building

9+ lotorway Junction | 5.05 3.18 0.76 A.92 53

6. Blenhein Palace 7.51 6,01 0.76 6,76 93

Fer n preater than 3, no significant increase in recogni‘ion range was found and the platoan
1avel renshod was rot significantly difforent from the median potential recogniti~n ranim, Rma.x’ From the
tabulated values of a ard b above, the approximation

”~ -
m, = 2 (1 -e crl)

con be proposed, where a' = (a + b)/2, given also with the table above. The ratic of median first run
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apquisition range ﬁ1 to median potential range based on this approximation is given in the table also,
exproesed as a percentage P » The mean valus o PR ig 55, suggesting the relation

ﬂ" 0S§ Quu
as & useful working prediation. The medianacquisition rangee for eaoh
target and the predioted asquisititn ranges on thia basis are given in the table below together with the
estimatad parcent error.

Target 1 2 3 4 5 6
m:g.mg;::oﬁu;m (ko) 3.4 3.56 3.90 5.06 3.56 4.69
0.55 R (k] 2.74 3.08 4.02 4.57 2.26 3.72
% Error 12.6 13.7 31 9.6 36.8 20.8

Thesg errors are within the required error margin of » 0, for ﬁ1 asguming roughly similar errors
in eatimating ax’

A further experiment with important impliocations for modelling was ocarried out to investigate the
relationship between first run aoquisition and potential acquisition performance under different briefing
econditions. The oind acquisition simulation was again used. Briofing conditions ware as follows:

Condition A. Prior experience of the route by flying over it, correlsating with a map. The

soored rn was then carried through at 450 Knots ths targot being named and its
map loocation given.

Condi:ion B. In addition to the map wiith target location marked, target photographs taken
from various ranges were given. 'The targst baockground was kept to a minimuz to
avoid giving location cues. The scored run was carried through at 450 Krota.

Condition C. A slow speed run at 180 Knots with the map briefing only.
Condition D. A high speed run at 450 Knots with the map briefing only.

Potential range measures were taken for a single slow forward run immediately following the first
run sondition. From a population of 48 (R«A.F, aimmw? subjects, groups of 12 were drawn to cover each
Target/brief condition in a balanced manner. The modian first run acquisition and potential range soores
obtainsd under the various briefing conditions and fcr each of the four targets used are given, in
kilometers, in the following table:

—abL

Briefing Condition
A : B ' ¢ ! D
Target 3 ' \ -

R, Foax R, Roax ' & Roax R, Ryax
1. Power 3tation ! ' |

Punp House 6.06 §.85 ) 3.21 6.13 ' 5.09 8.87 ’ 5. 64 776

2. Gravel Works 5.39 8.64 + 4.02 7.34 : 6.89 1,72 3.97 7435

3. Rood/River 4.12 5.03 | 3.26 512 | 4.54  6.03 | 3.69 4.29
Bridge , ) \

4. Road/Redl 2.90 4.85 , 3.05 4.27 1 2.16 5.88 1 2.32 5.36
| Bridge , | N

Overall, for first

run performance 31, results for oconditions B and D are similar but less than

those for conditions C and D whioh are also aimilar.
A,0.68 ;

each briefing condition are:

B, 0.61
moan value of 0.55 ob%ained in the previously desoribsd experiment.

Average values of R./B
D,0.62. 'Th3

i G 0.57 3

However using the relation
ﬂ1 = 0,55 Rmax to predict the first run acquisition ranges, the perceni errors were found to be:

taken over targets for
are rather higher than the

Briefing Condition
Target A B c D
1 ~20 6 -4 =24
2 ~12 1 -6 2
3 =33 ~14 =17 29
4 -8 -23 49 30

{where the negative aign implies an underestimate)

Whily these regults are still withi
is apparently reduced.

permisaible in R

n the required error tolerance for AR.,. the margin of error now
Examination of the tabulated values given above shows

to

be dependent to 5B%e extsnt on the vriefing condition for the preceading firet run. Thus it is inferred

that the poiential acquisition range was not fully developed in this study i.e. ﬁme.x

Thie, to an undeterminea extent, counters the bias in the error table sbove.

has been undsreatimated.

Both experiments then give some hope that if the potential deteotion range can be prediotsd fairly
c¢loeely by the mods! - eay within 10-20 - we will be able to prediot first rum performance within the
speoified acourucy. <Sxpressed in this mamner it is not possible to give the rolationship between 1st run end
Potential a8 a degradation factor as presenily used in the modele.




B3=-9
4. Deteotion - Reoognition

While meaaures of'detestion' and "recognition" performance have besn taken in several B.A.C.
studies, there haz been no speoial atudy of their relationship. In that Bubjects were required in these
experiments firet to record detection than recognition, their responses are likely to be bissed. Sevural
inconclusive attempts have been vads to quantify the ralationship from the data available including one
study to determina whother elapsed time or slapsed range wan the relevant parameter. Typically, from the
altitude etudy dasecribded previously, the mean ratioc recognition range/deteotion range is 0.72 with
negligible variation with el titude.

From the results of the acale fastor studies reported below it may be inferred that the modslling
of recognition involves factors of shape and target/background relationship which are not covered by the
prosent model and cannot then be entirely sxpressed through the degradation factor K. Again, the results
desoribed in the previous seotion imply that, in the ocomplex terrain msituation, deteotion, as performed,
contains gome elements of recognition,

5. Soals Faotor Studies

Two oxperimenia were carriedout, ane using the Terravieion simulation, tha other, 8TAF. In dboth,
two ouboid targets of different shapes, each at three socales (1, &, 1) were placed in turn at the sams
position in the terrain. The results of first-run detection i{ssks ajainst thesa targets in both simulations
ghowad no soalo factor effect contrary to the modsl prediotions given sbove. Various artefaots in the
simulation, oxperimental design and experimental proceduree were examined in an attempt to explain the
observed result. The most likely explanation however ia that the basic requirement of the modsl for a
simple target in a plain background - ias violated. In the simulations, the targets were intimately related
to complex backgrounds (they oan be said to “merge" with the background) and under such conditions it is
likely that subjeots were respondirg, unanimously, to a different oriterion to that auppossd.

A further effeot was noted: in a modelling exercise whioh attempted to matoh the experimental
resultes for the smallest target (least affeoted by "merging”) no degradation faotor was required for the
STAF data but a degradation faotor, in excegs of 75 was required for the Terravieion data. This reflects
the difference in display quality and a similar effect is notad in the “Vehiocle dsteotion" exercise reported
below.

In view of the limitations of & telovisual display due to its line structure, it would appear
improper to model the observed Terraviaion data by a degradation factor. A correct modelling of the contrast
growth situation as it appears on puch a display is required to cover both real world oases and simulations
thereof.

6. Vehicle Doteotion Study

The model has been used to examine the relationshin botween acquisition performancs in-osrtailn
ficld trials and in a Terravision simulation of these triale against a vehicular target placed in a large
unoluttered area of terrain. Using measurements of sige and contrast of the displaysd target, an attempt was
made to match tho observed median datecticn performance by -‘ntimating the degradation factor required and
to match the observed variance by cppropriate valuss of 67«4. ¢/€ . A gsimilar attempt was macde to match the
results of the fiold trial. For the experiment, the ro‘uired values were I = 50 and ﬁq,c/t < oag,
while for the field trials, K = 5 and flq. ¢/t = 0uS « The latter values are ent.rely within our
expeotations while the former again reflect the limitations of a telovisual display.

6. MODEL FOR UNSTRUCTURED SEARCH
6.1 Ceneral Description

This modsl is based on the accwaulation of datection probabilities over & sequence of single
glimpses each randomly directed at the search area. The glimpse time & is used to determine the numher of
glimpses in a given intarval of time (or of range in the target approaon condition). Glimpse times such as
glven by Ford, ihits, lichtenstein (Reference 4) show an approximate spread of from O.1 to 0.6 seconds with
a median value of about 0,33 mecs. This ie the value ocommonly used in our sptudies. For particular
glitpse (at range R) the ta-get is assumed to have a stimulus value as given by Equation (2) for apparent
contraet and by Equetion (3}) for the angular subtense. Since the glirpse will in general be directed at an
angle @ with respect 40 the sight line tc the target, the single gliupse deteotion probability will be a
function of bo-h stimulus value and Q. The empirical data of J.H. Taylor (Reference 5) providos the
threshold contrast Co for dataction at @0 off axis as a function of angular size. This, together with a
standard dasviation o"..,g/t can be interpretad 2s a detection probabilit.y/é profile — what I have termed
the Target Detectability Profila. (T.D.P.). If & degradation factor is to be usod in the model it 1s
assumod to operate, as praviously, on the contrust threshold. Aosuuing the search to be uniform over the
search ares, the (T.D.P.) can be approximated in the modsl by a rectangle of height p. (the fovoal single
glimpse probability} and width @ corresponding to a probdability pf/2. For ppe=1, this corresponds to the
conventional hard shell lobe.

With this epproximation two altemative modsls are available:

Type 1, in which tho average single glimpse probability is taken over all possible target
positions in the ssarch area. Illere the single glimpse prcbebility is given by

Py = P;(f%. - &)1

where lobe area, a, and search area, A, are measured normal to the sight line at range R. Thua
a = TVR8

Thio model further asaumes tha target always @ be in the search area and that there are no
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field-of-view reastrictions.

Type 2 in which the single glimpse probability is obtained for the given target position in tue
search area wheni

The modsl for this oase caloulates a' as the lobe area within the search area and also within the
fielde-ofwview and A' as that part of the search ares within the fisld-of-view. As the approaoh to the :
target is muda, the interaotion of field-of-view with lobe and search areas of course changes appropriately: !
it at any time the target is found to be cutsids the field=of-view, Pg * 0.

For both types, valuse of p_ are found for each glimpse (by interpolation from samples in order to
reduce oomputation) and these are thefl mcoumulated. Previously thie has been ocaloulated fromt

q)., = 1 _I,‘. (]_Ps) (12)

The start point, n = 1, i{s taken for a range %u when the value of p_ is vanishingly small. The i
distance travelled is given by: 4

Rmu - R = V.M. &

The agoumulation however haa besen found to predict superior aoquisition to the no-esarch case
under oertain oonditions. Thie is oclearly incorrect and the method now adopted is to limit the search
probability by the no-eearoh probability. Properly we should take the single glimpse foveal probability
and aooumulate this, however these probabilities are not independsnt and Equation ( 12 ) does not hold, :
and an altemative such as now proposed by Overington in his ocompanjion paper is required, In the meantime
we have used the no—esarch modsl as previously desoribed.

6.2. Examples of the Application of the Search Model

Typical outputs for the Type 1 modsl are given in Figure $ , illusirating the effects of
glimpse time and wvelooity for various sky-ground brightness ratios. For reference, the corresponding
no-aearch probability ourves are alsc given. It is immediately apparent that the distributions obtained
di ffer in form for those obtained for the no-eearch cases and that the magnitude of the difference is very
sansitive to sky-ground ratio. It oan be meen almc that there are limiting probabilities at near-zero
ranges from whioh detection success rates can be determined.

Data from a "widssoale search" experiment has alpo been used as a basis for modelling. In this
experiment, using the Terravision simulation, subjeois were required to deteot a single cone target during
simulated straight and level flight along one sids of a defined search area. (The field-of-view available
- 50° to ons sids of oentrs - was rather less than that gensrally obtainad through a cockpit window). The
3earch area measured 1.7 Km wide by 5 Km long and targets were cantred nominally at the intersections of
a 4 x ) rectangular grid.

By using cone targets it was hoped to control intrinaic oontrasts in the simulation. From
gample measurements values ranging from 0.5 to 0.75 approximately were found. Where measured they were
used in the modelling, otherwise an average value was used. The degradation fastor required in the
model wag egtimated from the observed data by trial-and-error methods and found to be of the order 75.
Figure 6 4illustrates the observed suocess rates as a function of offset for two speeds, 100 Knoits and
400 Knots; also shown are the success raies estimated by the model. C(lsarly the model underestimates the
observed suoccess raten partioularly at the higher speed. Again it i9 suggested that the effaot is explained
in terms of the nature of the televieual diaplay and it is assumed that with realistio modelling of this
effeot, the need for so large a degradation will disappear. The model also showad o much smaller offset
effeot than was observed in the expsriment. The most likely explanation here is that subjeuts ohanged their
search etrategy according to the porceived task diffiocultys it ie suggested that searoh was ooncentrated more
at the lower offsets rather than uniform. Intermittent target soreening, present in the simulation but
not in the modelling may have been a oontributory factor to this offsel effaot.

7, BROAD CONCLUSIQNE
Hodelling to date has had mixed suocess but I would make the following partioular pointe.

(1) the degradation faotor as defined oan be used only for particular purposes relating to
ohanges in the stimulus or stimulus response chavacteristio. It will not oonveniently
desoribe such affeots am observed in altitude or suoh constraints as appear when
telovisual displays are used. Modelling the televisual display is an important requirement
if only to make better use of simulations such as the Terravision system.

(11) If ite conditions modelled are widely different from flight or simulated flight oonditions,
particularly in respeot of the target background relationship, then the model will fail.

(11i) While better desoriptions of target oontrast (in terms of the illumineting oonditions)
and of non~homogensous atmospheres are both desirable, it is just as important to have
good photometric measures of intrinsio oontrast, visibility and sky-ground brightness
ratio.

(iv) For search oaases, glimpee distributions other than the assumed uniform distribution must
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(v) Bffeots of terrain soreening need to be modalled for both search and no-ssarch cases.
(vi) Concepts of "Deteoticn" and "Reoognition" need reconsideration.

APPENDIX. SINULATIONS FOR AIR-TO-QROUND ACQUISITION STUIXES
1. Cind

Al r=to-ground oind filme, obtained foi1 & wias range of terrains and targets at fixed speed
(180 Knota) and fixed altituds (2000 feet, 610m) and processsd under controlled oonditions, are replaysd
undar laboratory oonditions using & back-projsotion fo.onny.inoorporning a spooial Ds Ouds Delft soresn
material, Aoquisition range is oalibrated f{rom frames-tc-go.

2. Cind =Tele

Cine' films, a3 above, are alternatively displaysd through a 625 line cluse oirouit telsvision
aystem, T.V. monitors to 14" inch dimgonal hava been ugsd to provids displays in moving cockpit simulationa.

3, Terravision (as manufeoturod by R.difon L$d)

A terrain ie modelled, at a scale typically of 3000:1, on a moving belt. A television oamera soans
the terrain through an optioal system 8o as to simulate the view of the ground through a cockpit window in
a marceuvying airoraft. This view ocan be relayed direotly on a television monitor mounted in the ooskpit
simulation or recordsd on video-tape for subsequeant reproduction. The systen does not inoluds a visibility
ajmlation which is adsquate for acquisition studies so is used effeotively with an infinite vieibility. The
display quality is poor although, part from the abgence of oolour, experierced airorew are not over oritical.
There are range consiraints in asquisition duw to the telavision syntem — as the target sise dininishes
through the equivalentof 1 T.V. line width, the contrast atienuates rapidly. Pempeotixu chagges with
approach conditions are realistioally reproduced although the field-of-view, roughly 30" x 507, is somewhat
limited. Aoquisition ranrge ie measured directly by the belt drive system or by calibration of elapsed time
fron a defined start point.

4, STAF System (Still-Target Acquisitiort Facility).

High quality still phctographs, as positive {ransparencies, are mounted on a large translucent
screen end back-illuminated. In this way, daylight brightness levels can be approached. The subject is
seated on a motorised ohair and im moved towards, oraway from the screen, and normal to it, at a controlled
rate, over a distanoce of some 30 feet. This represents a dive approach under effectively an infinite
vigibility oondition. Perspeotive and screening across the photograph remain unreallistically oonstant as an
approach is me?s but this is considered of minor importance. Acquisition ranges are usually measured in
torms of the distance betwsen chair anu sereen and may be calibrated as real-world detection ranges if
required.
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CALCULATION AND SIHJIA'IION OF THE EFFECTS
OF TWO COMPLEX SEARCH SITUATIONS

by

C I Howarth, J R Bloomfield and M E Dewey

Department of Psychology, University of
Univergity Park, Nottingham NG7 ZRD, UK

SUMMARY
Two attempts were made to elucidate complex search situations.

In the first, using Howarth and Bloomfield's theoretical work as a basis, calculations were made of
the cumilative search time dats likely to occur when a target that was an extreme example of a distribution
of objects was present:d among a sample of these objects. The calculations covered variations in (i) the
target-pontarget cut- [f point, (ii) the size of the visual lacbe area associated with the target, ard (iii)
the response time th'.. was necessary after a target was located.

The second, a simulation study making use of the Monte Carlo method, treated a situation in which a
number of targets were presented among many nontarget objects. A single target, which had a small visual

lobe area associated with it, was presented with a variable number of targets, with large visual lobe areas.

The size of the visual lobe areas associated with the two kinds of target were varied, as were the number
of the large lobe area targets and the length of the resporse times necegsary after a target had been
located. The likely effect of these variations on the time needed to locate the single target is reported.
In general, more time was needed the smaller the lobe area cf the single target, the greater the lobe area
of the large lcbe targets, the greater the number of the latter present, and the longer the response times.
The cumulative curves obtained changed in shape as the four varicbles altered in these directions. The
change in shape is likely to be found with human observers who adopt the moet suitable strategy for locat-
ing the small lcbe area target.

Symbols

u'o
"

probability of detecting a target in a single glinpse
area covered by the visual lobe in a single glimpse
total search area

eccentricity, angular distance away from the fovea at which a target
can be detected in a single glimpse

diameter of nontarget, background discs

diameter of target disc

= gradient of straight ine obtained by plotting 0 against Id.B—d.rI

mean search time

fixation time

response time in fixation units

intercept of n axis, when n, is plotted agairst the reciprocal of |dy-dy|

gradient cf straight line obtained by plotting n, against the
reciprocal of |dg-d;

probabiiity that a target will be found within n fixations
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A. INTRODUCTION

Most work on visual search has inwlved simple, single target search tasks. In an attempt to eluci-
date more conplex gearch situations, we carried out two studies making use of a computer. In the first, we
made calculations of the search times likely to ocour when a target that was an extyeme example of a dis-
tribution of objects uas presented among a sample of these objects. The calculations were carried out
using as a basm our previous theoretical work (Howarth and Bloomfield, 1; 2; 3). In the second, a search
task invol the location of a number of targets among many mntaxgets was smulated. using the Monte
Carlo methxd (i.e, loymgarmdcmmmergemmm). The studies were undertaken so that soms of the : |
variables of poeszble interest might be singled cut for more detailed empirical study. Also, some indi- ;
cation might be given of the generality of the results of a subsequent experimental programme.

B. CALCULATION OF LOCATION TIMES WITH A CONTINUOUS DISTRIBUTION OF TARGETS AND NONTARGETS
1. Search situation

Thege calculations inwolve the following paradigm. A distribution of objects was considered. An :
arbitrery cut-off point was selected. All objects falling beyond this point were taken to be targets, !
with the remainder being nuntargets. Then, the cunilative probability of a target being located, if one was
present, was calculated. The calculations covered variations in the target-rontarget cut-off point, the .
size of the visual )obe area associated with the target, Mﬁwmmetmﬂutmmmsmaftera : |
target was located. |

2. Functions used in cglculat;lom ‘

The basis for these calculations was provided by our previous theoretical work (Howarth and Bloomfield,
1; 2; 3). From the known characteristics of the eye, we derived an equation relating the extent to which
a m-gef t differe from the nontargets to the tife necessary to search for it. Briefly, this derivation is
as follows:

The average probability of detection in a single glimpse, is related to the average area, a,
covexedbyﬁzevisuallobemasingleghnpseammﬁxetotalsgaxd\m,masfcllm

= 4
P8 s i 1)
If o is the angular distance msay from the fovea at Mﬂ\ewge can be detected in a single glimpse,
then, on the assumption that the area covered by the visual Jobe 1nthe plane of search is circular,
a = ne? 2)

(In fact, this area is elliptical, but the error in estimating a imtroduced by adopting an assumption _ o
of cireularity is relatively small.)

Bloomfield and Howarth (3) eapmcally determined 0 for a target disc presented among regularly
arranged nontarget discs. They found that

m = [dgdl )

wgmeg?xsﬂ\edmtwofmmmget.bad@o #ethedmtarofmmzetaMmﬁn
of the straight line obtained by plotting @ qgnimt difference hetween these diamcters. A
mxlar relationship has been sinced obtained in a more extensive experiment by Bloomfield(u).

From equations 1, 2, and 3, the relationship of p, to the dimmeter difference can be derived: !
n(aB-d.r)2

Al W)

Psz

The mean search time, t, is dependent on the type of search stratagy that the cbeerver uses. If t

is fixation time: 8

R B,

t
T o= 58 (% + 1), for an effivient, exhaustive strategy
£, 8 s) |
and T :p,formmdcpendangmrpseamtey ¢
8
Substituting (4) in (5) gives 1
t A’ .
T ] _ig > + 1) efficient , ‘
n( )
:B'd'r {3 i
_ t, An’
and t 2 = independent J
l(dB-¢f)

Since T A and m ghould be constants for a given search situation, both equations (6) lsad to
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tdg - dp’

providing, in the case of the efficient strategy, that t is large compared to ty-

Equation (7) was found to fit data from a rumber of simple search experiments inwvolving the location
of a target disc in a display containing muny nontarget disce. It could also be adapted to fit data
obtained using a single low contrast target in an unstructured background.

The calculations were carried out using the assumption that the cbserver's fixations would be
independent of each other. Then, Py the probability that a target would be datected with n fixations,
is given by :

p, ¢ 1-Q-p)" My ®
vhere n, is the time needed to respond after locating a target, in fixation units.

Bloomfield(5) suggested, for location of a simgle disc target among a number of nontarget discs, that
response time is related to the target-nontarget diameter difference, as follows:

nr=x+-rd—s{-qr 9

vhere x is the intercept on the axisandyisﬁ\egmdientofmestnaightlineobtainedmenup
is plotted against the reciprocal of the diameter difference.

The pregent calculations were carried out using equation (8), with the values of Pg and n, given
by equations (4) and (9) respectively.

3. Method

A population of discs was considered. They varied in diameter, but were normally distributed. It

was assumed that on each search trial a sample of the population was present. The mean of the population
was used as an estimate of dg.

A cut-off point could be selected. If a particular disc fell beyond this, it was considered to be
a target. The area bevord the cut-off point was divided into segments of 0.5 standard deviation units,
and the mid-point of the segment was taken &3 an estimate of its value. Then, for each value, the
probability of the target being located on each individual fixatiofi after search commenced calculated.
The probabilities thus obtained were accumilated for twenty fixations (the equivalent of between five and
seven secords, assuming fixation times of 1/3 to 1/4 seconds).

The search area, A, was taken to be approximately that used by Bloomfield and Howarth(3), and the
value of m used (m = 0.02) was that erpiricallydetermined in the same study. The values of x and y were
taken as 0.0 and 4.0 respectively. Blomfield(es estimated values approximately of 0.2 for x and of 3.4 and
4.1 for y when using a similar, if simpler, situation. Integer values werc used here because the time
scale used in these calculations was in complete fixaticns.

With this general situation, we investigated the effects of variation in the position of the cut-off
point, in diameter difference, in the visual lobe area, and in response time.

4. Calculations and discusgion
(i) Variaticns in target-nontarget cut-off.

The standard values of dB’ A, m, x axd y were used, The cut-off point was taken at 0.5, 1.0, 1.5,
2.0, or 2.5 standard deviation units from the mean of the population, d,. Calculations were made for
targets up to 4.5 standard deviation units from the mean, taking the mid-point of each half standard
deviation unit as an estimate of for that half unit. Thus, for the cut-off of 0.5, was 0.75, 2.2§,
2.75, 3.25, 3.75, or 4,25; while for the cut-off of 2.5, it was 2.75, 3.25, 3.75 or u.25.

For each cut-off point, the probability of locating a target from each possible half standard
deviation unit segment was calculated in successive fixations. The probabilities were added and accumu-
lated, giving the overall probability of finding a target for each cut-off point. In order to compare
different cut-off points directly theseprcbabilities were divided by the probability that a target would
be present. Figure 1 shows the results of this procedure. It gives the cumilative probability that a
target will be found, given that one is present, for five cut-oif points.

As the cut-off point is moved further from the mean of the distribution it becomes more probable
that a target will be located quickly, sinre increasing the distance between the cut—off point and the mean
increases the average diameter difference between target and nontarget.

(ii) Variations in diameter difference.

From the above calculations, the difference in time needed to locate targets from different half unit
segments can be shown. 1They are illustrated in figure 2 using a standard cut-off point of 2.5. The
figure shows the cumilative probability of a target being detected from each segment beyond the cut—off
point, given that one is present,
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The figure shows a pattemn of curves similar to that cbtained by Bloomfield(S), in an experiment
involving search for a single target among a nurber of larger nontargets. As the target-nontarget
difference increases, the probability of a target being found quickly increases.

(iii) Variations in visual lobe size

Weymouth(6) suggested that, for a wide range of experimental conditions, there is a simple linear
relationship between the size of the target and eccentricity, 8, for values of @ up to 20 degrees of arc
from the fovea, when visual acuity is measured in linear units, sa, rather than as a reciprocal. Thus

da = O (19)
He pointed out that m varied with variations in experimental conditiors.

In equation (3), Aa was replaced by Icli_g- |, but it yemins one of the same family of equatiors, and
m varies with the oconditions in it, too. T le, M Firth in this department, has shoun that visual
lobe size contracts as nontarget density increases, inplying that m would increase with density.

The possible effects of variations in m were calculated with the standard values of the other
variables used. Figure 3 shows the likely effect of changes in m between 0.0l and 0.04. As m increases
i.e. as the visual lcbe area decreases, the probability of lncating a target quickly decreases.

(iv) Variations in response time

Bloomfield's(5) equation for response time was

N ® "‘Tcx?%r‘r 9

Response time changes with the conplexity of the response required. For example, if the observer
hag to mark by hand a target's position or to remove if physically from the display, there will be a
considerable increase in the time needed compared with a task in which he has to release a shutter on
locating it. A change of this type would result in an increase in n, for all target-nontarget differences,
and would be achieved by increasing x. The standard cumilative o shown of figures 1 and 3 would
simply be shifted along the time axis by an appropriate constant,

There may also be changes in y. Bloomfield's(5) estimate of y = 3.4 was obtained for an irregular
arrangerent of nontargets, while his estimate of y = 4.1 was for a regular arrangement. The regular
arrangement appeared to make the discrimination of the target from the nontargets more difficult. Changes
in rontarget density probably have a similar effect. The effect of y values of 1 and 10 are corpared
with the standard (y = 4) on figuwe 4. The effects are not large- however, they do not simply produce
shifts along the time axis, but also a change in curvatwre.

(v) Comment

These calculations indicate the likely effects of variations of various kinds. We had
extend this approach to a multi-target situation but this w.s impractical. We therefore decided to use
a different approach.

C. SIMILATION OF A MJLTI-TARGET SEARCH SITUATION
1. Introduction

Little empirical work has been carried out in multi-target search situations. When a display
comtaining one target only is presented, it is easy to record the length of time it takes the observer
to locate it and to check whether he is correct in indicating its position. However, with several targets
neither tasv is quite so simple. The observer has to locate the targets by giving their co-ordinate
positions on the display, or by indicating their positions on a chart or grid, or by touching or pointing
at them. Whichever response is made, his search performance will be interrupted and delayed for some time
In aklition, the response times will accumulate in each search trial. 'Thus, the 'search time' measured
for each target will include a cumulative response time, which will be greatrer the later the target is
found. The resultant data will be dependent on the particular respongse required, and may be quite ypecific
to the particular set of experimental conditions.

2. Search situations

This simlation irvolved the following paradigm, A mmber of targets were interspersed throughout a
regular array of non%arget objects. A single target that was similar to the nontargets (and, mgf‘gm,
that had a emill visual lobe area associated with it) was presented on each trial with a varisble nutber
of targets that were different from the rontargets (and had a large visual lobe area). The size of the
visual lobe areas associated with both kinds of target were varied, as were the number of large lobe area
targets ard the length of the response times necessary after a target had been located.

3. Method

A regular 20x20 arrey of objects was represented internally in the computer. One object represented
amlllobemx\gat_uﬂamrofotrmmemedhrgehbewsets. merm.inderaem designated

t8. Lobe size was a function of the radius of the circle surrounding the t within which an
cbserver would have to fixate in order to see it (a hard shell visual lobe is assumeds.
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1%+ was assumed that all the observer's fixations would fall on objects, whether targets or non-
targets, but that otherwise they would fall at random. The actual pesitions were chosen by means of a
pseudo-random nurber generator.

A further assumption was that the observer searched for both targets simultaneously. On each
fixation the numbder of large lobe targets that fell within the visual lobe area was noted. Each time c¢ne
of these targets occurred, a time delay was introduced: the delay represented the time needed for a
response to the target to be made. Also on each fixation, a check was made whether the small lobe )
was near enough to the centre of fixation to be seen. If it was not, the search continued. However, 1f '
it was fourd, the search trial was terminated and the time taken to locate thig target was recarded. }
All the data reported here is in terms of this time. All times were measured in complete fixation units. : SRS

There were two small lobe targets (their lobe areas covered $ and 13 positions in the display) axd
three large lobe targets (whose areas covered 25, 45 and 77 pogcitions). 2 or 8 ar 32 large lobe targets
(of one particular lobe area) were presented. The length of the time delay was 1 or 2 or 4 fixations.
Thus, there were 2x3x3x3 = 54 conditions. Each condition was simulated for 100 trials.

4, Results and discussion
(i) Variability of the data

In order to give an indication of the variability poesible, the simulation was repeated ten times
for one condition (small lobe target 5, large labe target 25, number of large lobe targets 32, time delay
2). The resultant cirmiative distributions are shown on figure 5. ‘e spread of distributions is
representative of inose likely to be obtained for all corditions inwolving 32 large lobe targets. The
spread would be less for those inwolving fewer,

(ii) Number of large lobe targets

There were 18 comparisons made for the three number conditions (one for each combination of small
lobe target, large lobe target and time delay). In all cases, the small lobe target took longer to find
the more large lobe targets there were present. Figwres 6 and 7 show the effect for two extremes. With
small lobe target 13, large lobe target 25, and the shortest delay 1, the fastest times for all three
nutber (onditions were achieved (as shown on figure 6). Whereas, the combination of small lobe target §,
large lube target 77, and the longest delay 4, produced the longest times.

oot skl b8

On both figwres, as on the other 16 possible graphs, there was a considerable differerce between
the distributions for 8 and 32 large lobe target conditions, the effect being more marked as the small
lobe area is reduced, and the large lobe area and the time delay are increased, The Jifference between
distributions achieved with 2 and 8 large lobe targets is smaller for all the comparisons.

(iii) Variations in small lobe area

There were 27 comparisons made between the two small lcbe areas selected. Those illustrated on
figures 8 and 9 again shown the extremes of those conditions investigated. On figure 8 the comparison
betweensmalllobeamas5andl3canbenade,fora_1ﬁmeen.mbereormtwns with large lobe area 25

and delay 1. On figure 9 a similar comparison is poesible, again for all three maber conditions, with
large lotz area 77 and delay U.

= e v vl Wl ke 58

Both figures illustrate the corgicerable difference made by changing the similarity of the target
to the nontargets (and, therefore changing the visual lobe area associated with the target). The effect
is showm just as clearly for all possible comparisons, and is ccomparable to the effect shown in figure 2
in the first section of this paper.

(iv) Variation in lairge lobe area.

There were 18 comparisons of the effect of increasing the large lobe area on the time needed to \
detct the small lobe target. Figure 10 shows two of them. They are for 2 or 32 large lobe targets,
small lobe target 5 and delay 4.

The time needed to locate the small lobe target is affected by variations in the large lobe area,
but it is not a large effect. Saeofﬁ\eotber:wowpamsoma}noedas large an effect as those of

figure 10, but, for others particularly those combinations giving the shortest search times, no effect at

all was notioeable.

(v) Variations in response time delay \

There were 18 comparisons between response time delay. The largest differences achieved are shown
on figures 11 and 12, both with small lobe target 5 and large lobe target 77. Figure 11 shows the differ-
enceg for 2 large lobe targets, figure 12 for 32.

In both cases, the longer the response time delay, the greater the time needed to locate the small
lobe target. Similar effects were cbtained for most cf the other 16 comparisons. The greatest effects of
delays occurred with 37 large lobe targets. With § lobe ets the effect is always present, if
sometimes slight. While with 2 large lobe targets, it less noticeable, and for the fastest time condi-
tion (small lobe target 13, large lobe target 25) it disappears altogether.

A change 1ntheahapeofﬂ1ecumﬂat.vecmdativecmwsoocmmmcasesasdelaytm is
increased. It is {llustrated in figure 12. Similar, though less proncumced changes were roted for the
follmwing conditions: zmall lode target S with 32 large lobe targets of areas 45 and 25, small lobe target
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13 with 32 large lobe targets of areas 77 and 45. It is possible that a similar change In the shape of
the cunulative distributions could occur with human observers.

In search situations that inwlve incomplete target information (i.e. where there is uncertainty
about what the observer should look for) Bloomfield(7) suggested that observers can adopt at least two
strategies. In the first, a scan pattern suitabie for locating the easier targets is chosen. After it
has been carried out, they adopt a pattern more suitable far targets slightly more difficult, and so on.
With a strategy of this kind, there would not be the change in distribution shape obtained here: instead,
with a fairly constant shape, it would merely be shifted along the time axis,

The second strategy is directed towards locating the most diffjcult target as quickly as possible,
Easier targets would be Found, as a matter of course, though the search times for them would be longer
than if they were specifically searched for. The result of such a strategy, if applied to a situaticn
like that simulated here, should be to produce a change in the shape of the distributions for difficult
targets with increases in the time needed to respond.

(vi} Oomment.

This simulation study investigates several variables likely to affect multi-target situations.
We already know that it has not taken into acocount one important effect. There are suggestions from
empirical work now in progress that an increase in the number of large lobe targets adversely affects
the detectability of small lobe targets, so that sometimes they are not detected at all.
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DISCUSSION

Dr Vos (Netherlands)

How far is your work related to the practical situation of an out-of-cockpit eearch as apposed to a
radar situation? I missed the concept of false responses in your argument when you were talking werely
about the probability of detectinnm.

Mr Dewey (UR)

Yes, it doas in part relate more to radar or scuar displays, but does also Eit data sssociated with
one target in an unstructured field, Most of our experiments involve backgrounds with more than one
target, however. False positive responses werc exceedingly rare. Subjects were almost slways right,
and when they were wrong, they almost alvays corrected themselves quickly. So false responses were not
incorporated, but we should now perhaps take the problem more seriously.

Dr Vos (Netherlande)

But at first sight of a picture, isn't there a4 fair chance of getting a false response?
Mr Dewey (UK)

Yes undoubtedly.
Dr Huddleston (UK)

Did you want to say a little sbout altering obgervers' criteria to see what happened to false
responses?

Mr Dewey (UK)
This model is one purely in terms of a visual lobe with a hard shell. It's not a model in the
tradition of signal detection theory where criteria and efficiency can be modified. Perhaps this

should be incorporated. Li would take time, however, since these simulstions run on our quite slow
machine. Our esrlier model fits quite well without incorporating these refinementa, however.

53

1

e e W




BG4
The Effect of Complex Backgrounds on Acquisition Perfors .nce

by

M.B.Brown
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Filton House
Filton
Bristol
England

SUMAARY

The, relationship between the subjective effect of structured target backgrounds vt anjulaition
performance and physical attributes of the scene luminance structure is being inveatigatcd wsth tnesretin.
ally and experimentally. This paper descrioes the theoretical attempts to classify various smspects of zezp-
lexity and an experiment which was carried out using synthetic target material. The resuclts ssacwcd thal
certain targets are more easily recognised than others for all the complex backgrounds used, an1 also
indicated that recognition may be regarded as the detection of detail. A large variasility beiween aubjects
was observed. Part of this variation can be attributed to eyesight differences and to experieice.

INYRODUCTION

The Target Acquisition Group at BAC(GW),Bristol is enguged in a study of the acjuiasition of ground
targets from low-flying aircraft. The investigation into the effect of coaplex backgrrunds is a part of thie
study. This paper describes the theoretical and experimental efforts made 30 far in tris contiauing study.
On the theoretical side, various aspects of complexity have been defined. This has been done for two main
reagonst firstly, it helps to clarify the constituents of a complex background, ard tt,s, it i3 hoped, leads
to butter understanding and communication of ideas; and secondly it makes experiaents _aas aiztigucus, ziase
complexity clasaes can be studied separately. It is not claimed that the classes deficed here ars distinct.
Certainly there must be interactions between classes, and the effects produced oy theze cust nat be iznored.
However, it seems clear that an experimental approach based on separate coaplexity clinses gives the bnst
chance of obtaining the problem solution.

COMPLEXITY
The term complexity is generally used in a rather loose way. If a useful sca.e for ase.gning a

complexity value to a sceac or acquisition task is to be obtained, complexity sust bte cefized {n relation
to some scene or task which is acknowledged as being simple. A particularly appropriate set cf gatn which
could be used in this way are those from Blackwell's experiments using discs on a plain backgrouni (1}. &
complex acquisition is therefore one which produces threshcld contrast/size values kot differ fioc thome
predicted from Blackwsll's infinits viewing time data using tho same area and contrast values. {This defin-
ition assumes that both contrast and area can be defined. This may present some difficiltiss il the target
or the background immediately surrounding it has a luminance structure. Both contrast and area may then kave
more than one posaibl: value.) The definition given here means that an acquisition excircise can be complex
either because the task conditions are different to those in Blackwell's experiment, e.5. dynamic viewing,
finite search time, or because the stimulu3 is not a disc oa a plein background, e.g. utruclured backgrounds,
different shapes. It 'is convenient to distinguiah between these two cases by labelling thez task complexity
and scene complexity respectively.

Haviag set up an origin from which t» measure acquisition complexity, sceas :>apiexity must now
be defined in terms of physical measures. The wevd complexity, when applied to a scens, uescribas the hetero-
geneity, or variety, or dissimilarity, of parts ox dimsnsions of that scene. Since hetarogencity can exiset
with respect to a large number of variables (e.g. object size, shape, luminance, spactig, pattern, etc.) it
may be considered that there are as many kinds of complexity as there are variubles. Hywever, for our par.
poses we shall define two classes which we believe are exhaustive. The first class des.rites a scenn cont-
aining objects which are similar in size, shape, and luminance to the target, Fig. 1(s!. Trese non-lLargets
may be confused with the target, and thus we have labelled this type of complexity witi the ters confusibiluity.
The other class, which has been termed complicacy, describes a situation where the taruet is 'exbedsled’ in
an area of varying luminance, Fig. 1(b). The target may also not be of & singie luminaice; thie caaun is nleo
included in complicacy.
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Pig.1 Exaaples of (a) oonfusibility and (b) complicacy
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Thy crGjnavyty ceasures are separated into two classes, one containing subjective assessments, the
a:‘..‘:uj thyrizal T uguUres- The pyysical measures are the result of mathewatical operations (or their optical
o7 wleltrit.t annl o) oo the scene luminance. Subjective measures can be obtained empirically. The basio
FADJECLL r REUUTY 1% Lhal obfained from an acquisition task, as centioned earlier. A second type of sub-
JECIAVY pngwssdert nki. be sbiained from & ranking experiment in which scenes are ranked on tha basis of
Pargul PTUEIIER e, ’

fhese sre % jarge aumber of ways of describing the scene lum;ginnce structure, e.g. eatropy, mean
BIane IrEllEt.. L2 Slesure shich expresses the degree of similarity of a target with ita background is the
ceudp L™ LALLOA Sunsticn. Because of its relevance to the experiment described hereit will be treated in
wr: metyil. & more 4rtailed treatment of mean scene gradient and entropy is given in (2), and other poss-
‘ble S€wdure. Wt their linitations are discussed in g). The croas-correlation function is given by
-]

c(x'sy*)= | P{xyy)L(x-x",y-y')dxdy
~iore [{x,y) ard L(x,y) are the target and background luminance atructures respectively. The inter-

e3ting propetty of Cyx',-') is that if the background contains an object similar to the target at xp,yn,
then iergs v es of C(x .y') occur in the vicinity of xiwxp, y'syn. The relationship between the object and

. erpga-carcelniisr pianey is demonstrated in Fig. 2. It seems clesr that the cross-correlation function has

Froprrties mut Saxcs 1% & candidate for a measure of confusibility.

L(on)

Y
Object wpace

’l
Cross-correlaticn

Pig.2 The relationship between Objects and Cross-correlation.

CATUETRILITY EXPERIMENT

4. experiment was carried out t. investigate the effects of confusibility on recognition perform-
w2 "e. This esperiment utilised the STill Acquisition Facility (STAF) at BAC, Bristol. Basically, this con-
3.3%3 of a jo0m at one end of which there is a large back-illuminated perspex screen. Target stimuli are
;oesanted cn this screen to a subjeot (S) who sits in a motorised chair. The ohair may be driven either for-

"#aris or titkeards by the S. An acquisition is marked by the position of the chair when the S stops it. The

+arget gtisuli .nemselves are produced on photographic transparencies and fixed to the screen during an exp-
4 men’ .. run. The dimensions of the STAF room limit the maximum range to 23ft.

in the experiment the stimuli were scenes consisting of an array of relatively simple shapes. Four
4 fferent, targrts (T's) were used, Fig. 3, and each T was embedded in an array of similar shapes (NT's).
Srch snrupe, including the T's, was constructed from six unit squares, with the constraint that each one must
%ave A tase J° at least three units ii ¢ horizontel line. The NT's were arranged around the T in a 5x5 matrix.
(AN 'we1T). The T wae constrained to lie within the central 3x3 matrix, so as to eliminate edge effects.
Eowever, 1t was decided to present some scenes with T's on the edge so that the S'a would not limit their
coasch to the central area. The results for these particular scenes would not, of course, be included in the

aain aalysis.

(ITITT) Line

ul Church

BIB Castle
B sox " b A

Targets Blook with all similar shapes

Fig.3 The Targets and a typical complex scene.

Differont levels of confusibility were achieved by grading the NT's on a similarity scale independ-
ently for each T. The peak value of the cross-correlation between the T and NT was used for the grading. The
¥T's were divided into two sets, the members of one being classed as similar, members of the other bei
cslled dissimilar. For any T, similar shapes were arbitrarily chosen as having a peak corralation of 5.(the
sutocorrelation was 6), the rest being dissimilar. Scenes containing all similar NT's and all dissimilar NT's
vere constructed, as.well as gscenes containing a mixture of the two classea. Thuse mixed soenes were cons-
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tructed so that any effect due to the closeness of similar NT's to the T's would be found. This led to scenea
whioh contained similar NT's near to the T with dissimilayr ones further away, and scenes which had the reve
erse configuration, dissimilar near-gimilar far. A typical soene is shown in Fig. 3. Une other variable was
introduced into the experiment. Thie was packing density, that is the spacing between the NI's. Two levels
were used, one being representative of a town acene, the other being similar to that which might occur in a
country scenae.

Before producing the experimental transpareicies & pilot experimant was carried out to determine
the size and ocontrast of the ahapes to be used. The 3's used here were several members of the Target Acquis-
ition Group who would not be taking part in the rest of the programme. Sixteen S's wore used for the main
experiments, and they were chosen so that 8 oould be classed as experienced and 8 as naive. The oriterion
for choosing experienced and naive S's was whether or not they had participated in previous STAF experimente
or been actively engaged in visual acquigition studies. Any person engaged in any work concerned with the
coaplexity prodlem was barred from the experiment.

The first experiment coasisted of presenting four T's with either none, three, or four gimilar
shapes closely grouped around them. The S's were alao shown transparencies without & T, i.e. with only back-
ground shapss on them. The purpose of this experiment was to provide a comparison for evaluating the results
for ths complox situations. After this the 3's were trained using the complex stimuli. The training coneisted
of presenting 5 transparencies similar $0 those which would be used in the experimeant proper. Each of the
four T's was presented twice, once at lom and once at high packing. Also all the shape distridutions were
covored twice. After the training the S's were shown the 32 scenes containing 4 T's, 4 shape distributions,
and 2 packing densities. Extra transparasnciee with T's on the edge of the 5x5 matrix wsare also included as
mentioned earxlier. The order of presentation was randomised to minimise any effects dus to learning, fatigue,
etc. The briefing for these two experiments consisted of & short description of the eime of the experiments
and the target stimuli. The S's were then asked to 'look at the transparency, and ag the chair moves forward
to study the shapes until you can see the deeignated shape. ds soon as you can see it press the switch to
etop the chair, and then point out that shape which youoconsider to be the correct one.' The S's were not told
whether they had made u correct recognition or not. After the experiment they were also asked to rank the
T's in order of difficulty. General comments about the exveriment were also solicited.
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¥ig.4 Resulte of the first experiment

EXPEATUENTAL RESULTS

The results of the first experiment are ehoen in Fig. 4. Here, O, +3, +4, refer to the number of
NT's surrounding the T. There was a considerable number of recognitionuistakes, 67 out of a total of 322,
and this meant that a [ull analysis could not be performed. Moamt of the mistakes, 51, ocourred for runs where
8 T w~as not present, Aleo the mean recogn.tion ranges wers lower for the no=T runs. Although the S's were
told thut T's would not be present on some transparenzies, they found it more difficult to decide that thise
was 80 than to recognise one of the T'a. Pig. 4 has been plotted using estimated results for the incorreot
rscognitions. Thiea hae obviously greatly affected the results for the no-7 cases.

The data obtained from the main experigent weg divided into three sets for the analysis, all 16
S's, O experienced S's only, and 8 naive S's only. A test for normality wae carried out, using a ranking
aethod to esticate the probability of & particular range score, and using this the range soores were plotted
on normal probability paper. Theae plota were linear over s 15-80% probability range, and it ie fair to con-
clude that the range ecores are normally distributed. The missing date due %0 false recognitions were estiz-
ated by a method of Hennett und Franklir (4). The aiseing cell entries were small compared to the size of
the experiment, und the estimation of wiseing data was unlikely to confound the analysie. A four factor an-
alysia of variance wae performed for each of the thres seto of 3's. The results are shown in Table 1. All
the main effects and most of the [irat order interactions were significant (p<0.5). Alac the three sets were
very similar, tho main difference being the non-signiricant «ffect of packing density for the naive S's.

The four main effecta are shown in Fig. 5. The experienced S's found the acquisition task signif-
icantly core difficult at tha higher packing density, bdut no difference in packing wao found with the naive
S's. The reason for th.s is illustrated by the subJoct/pscking density interaction. Pig. € shows that as the
S finde the task more difficult the difference between the effects of packing becomes smaller. Since the naive
S's in general obtainead lower ranges ‘hun the experienced S'a, the effect of pucking wis lower for the former
set. Theoe effects are thought to bs a function of oconfidence level, and such trends are gens:al throughout
the reeults, the naive S's producing lower acquisition ranges than the experienced S's with differences in
affects also being samaller.

Thes difference betwr -n the means of the two S gets was 2.1ft., or & 21.9~ reduction in runge tor
the naive set. If the maximuz .nd cinimun mean vaiues are considered, the variation is 5%. of the maximum
value. Part of this variation may be due to differences in S's visual scuity (VA), The average VA (meansured
using 3nellen letters) for tne two groups were 6/6 (experienced) and 6/7.5 (naive). It is worthwhile noting
that the ratic of the giroup mean recognition ranges (7.75/9.86.0.79) ie approximately eyual to the ratio of
the gToup wwau Va's (5/7.9¢0.8), Alao the maxioum and minimunm ranges »ere recorded for S's who had YA values
of 6/9 and 6/10 rumpectively. In Pig. 7 VA has been plotted against mean S perforzance. A Speurnan rank diff-
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erence analysis gave a correlation of 0.47, whioh 1 significant et the 56 level. Thus although the effsct
of pasking density is highly signifivant, it 1s ssaller than the variaticn in 8's mean perforsance.

The effect of target typs 1s shown in Pig. 5(d). The difference between the block ani aastle ves
not sigaificant (>9%). Both sete of S's ehow & simllar trend. A compariscn with the results of subjective
renking of the T's in order of diffioulty showed & high oorrelation betwean the two sets of results, the
renking producing tbe order (easiest first) line, church, castle, bdlock. The renking ves very ccnsistent
betwveen 5'a (eee Tadle 2).

8 | Line astleBlock
1] 1 2 ) 4 2 1 4 k)
el 1 2 3 4 1 2 4 3
3l 2 3 4 1 2 5] 35
41 1 3 2 4 1 2 351 3.5
51 2 k] 1 4 2 1 b} 4
6 1 2 3 4 2 1 4 3
1 1 2 3 4 1 2 4 3
8| 1 2 3 4 1 3 2 4
91 1 2 k] 4 1 2 4 3
10 1 2 3 4 1 2 3 4
1M1 2 1 4 K} 1 2 35| 35
12 1 2 3 4 1 2 3.5 3.5
13 2 1 ) 4 1 2 35| 3.5
4] 2 1 4 3 1 7 4 3
151 1 2 j) 4 1 3.5] 3.5] 2
16} 3 2 4 1 1 3 2 4
Mean! 1.38 1.68 3.0] 3.71 1.19 2.03 3.44] 3.2
Table 2

Confusibility ss defined earlisr alsc appeared as s significant effect, Fig. 5(oc). Eere there app-
eaArs to be no significant difference betwean the stimuli with mixed confusibility, 1.e. similer objeots near-
est the T with dissimilar ones farther away, and the reverse oase. However there ia a significant difference
betwesn all similar NT's and all dissimilar NT's. Also the confusibility factor had no effeot for the ohurch.
It is useful to compare the results with Blackwell'es for the detection of discs on a plain background, and
aleo to some experimental results obtained from two triale involving the detection of ground objects from
low-flying aircraft. In the first trial, called V3 I, the aircraft vas flown at an altitude of 1000ft. or
less, and the T's were mainly in open terrain (N. Scotland). In the second trial, V3 II, the airoraft wae
flown at 1000ft. altitude, and the T's were in more ocomplex situationa, e.g. in towne. Details of theme two
trials can be found in (5) and (6) respectively. In Pig. 8 contrast sad size thresholds have been plotted
for all these results, and Blaciwell's 15-second search time data is also shown (Blackwell's published data
has bsen faotored to give & 9% probability of detection). The contrast/size thresholds from the complexity
experiment lie olose to the field trials for the more complex T's. 1f the size thresholds are reduced by a
faotor of six, the thrsshold values become very much closer to the Blaokwell curve. Thie result would apply
1f the recognition task is to be considersd to be one of detecting the individual blocks which comprise the

shapes. Thus there is some indication that reoognition may be regarded as the deteotion or disoriminatisn
of detail.

1000 |
‘O
Threshold sise ~—o —.' :al‘fl’h'u
(8q.min.aro) . 782
100 ° Complexity exp.
o® ® full sise
4 unit size
10 o
%
v 3
L]
1 ke \ 2
0.01 0.1 1.0

Contrast
Fig.9 Threshold siss/contrsst values

SUBJECTS COMMENTS

The 3's were asked to give their impressions of thie soquisition task. Cne general ocazment cone
osrned the searoh procedure used. At ranges large compared to the final recognition ranges the S'as oould
isolate a few objwote which they thought could be the T. They ther ocncentrated on these until they ocould
disoriminate the T. They alsc expreseed the view that this disorimination ocourred i1ather abruptly. This sud.
Jeotive impression msuggests that some funotion of the correlaticn of the T with the NT's might well be & good
neasure of confusioility. The 8's also commented on interaction effects at the high packing density level.
When the objests wers olosely paoked it wap difficult to distinguish them, i.e. & merging of the NT's took
piace. In soae csses, dieoriaination between certain shapes wes easier when they were closer together. Pres-
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umably, cosparisuns between shapes can be made more easily in this case.

CRO3S~CORNELATIONS L
The oross-correlation, as defined earlier, was found for each transparency. Thia was done by a i

manusl computation, a digital representation being used. The levele were 0,......546, and a typical result :

is shown in Fig. 9. Here the largar squares show the position of NT's which were classed aa similar, in this

example there being 9. Now, the simplest desoription of confusibility would be based on the number of corr- H

elation peaks above a certain threshold value, and in this case & level of 4.5 would have tc be used. In :

Fig. 10 the mean recognition ranges have been plotted againat the numbor of correlation pauks greater than

4.5 for each T at low packing. The results for high packing were not used us the correlation for eaoh NT

overlapped with thoase from adjacent NT's. The line and block show a marked decrease in recognition range as !

s

o line
a ghurch
° oo s ge (o v oaatle
s block
oo s a Qe ] oD - ~ ~~a
o} ea e o oo r n‘-_
A
Qe ° oo oo P sl | AN
e -}
s o Qb ooo L] povo
Cross-correalation ® 6
level o5 6 N N a N A
°4 5 10 15 20 25
No. of correlation pesks > 4.5
Pig. 9 Cross=correlation plene for Pi§:10 Mean Rarges as a funotion of
caotle with similar sehapes oorrelation peaks at low packing

near to the T

the number of correlation peaks increases. The church and castle do not show such an effect, although the
range of correlation psaks [for the castle is very small. Thus there is some evidence that number of corr-
elation peaks i3 linked with difficulty of recognition in a confusible ecene, particulariy with simply shaped
T'ey 1.e. line and block. Obviously it does not explain the results for the two other T'a. It is possible
that the shape of the crose-correlation is also important. Alse it muet be pointed out that the range of corr-
elation peake obtainable using all combinations of the four T's with the NT's is very scall. The miniouwn
value of correlation peak, 3, i® determined by the construction rule that constrained all shapes to have a
bass of at lemsst three units, whilst the maximum value is 6, the autocorrelation level. Furthermore, the tin-
ioum value is only obtained when one of the two shapes being correlated is the line. In other cases the min-
imum value is 4, 8s in Fig. 9. Thus for the church, castle, and block, the difference bstweesn similar and
dissimilar ghapes is quite small in terms of cross-correlation peake, and this is a poasible reason for the
small effect 0a recognition range of the confusibility factor.

CONCLUSIONS

The results of thie experiment suggest that, when using stimuli consisting of a set of differently
shaped objects, recognition may be regarded as the detection of detail., The part of the T which compriases
the relevant detail will, of course, depend on the shapes of the objects surrounding the T. In fact, caly
objeota which are most siusilar in shape to the T need bde considered. Also, there iz eome evidence to suggest
that recognition in the presence of confusible objects is related to the cross-correlation function of the
T with tha NT's. Detection and ~ross-correlation are related in as much as the larger & correlation peak be-
cumas, the more similar are the = a2nd NT, and thuo the relevant detail which must be seenin order to distin-
guish the two objects becomes smaller.
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GENERAL DISCUSSION

Dr Huddleston (UK)

In opening the general discussion I don't want tu push my own ideas too far. My questions are
usually encrmously unfair, and of the kind 'what large factors have you omitted from your model?' How-
ever, would it be reasonable to ask you to confess to any omission first, Dr Greening?

Dr Greening (US)

I do not feel the question is unfair, although that doesn't mean it is easy to answer. I've felt
for some time that a msjor shortcoming has been an overemphasis on search and acquisition as an optical
problem and an underemphasis on it as a cognitive problem. Behind the data I reported, for example,
is an intelligenc human being doing the searching, not an optical machine. He knows soweching about
the object of his search, and we should try to account for this.

One of the reasons for my belief in the impact of personality on the problem lies in some work we
did 5 years ago in forcing the person to say where the target was before he was prepared to commit
himself. After he had indicated a likely location, we asked for a confidence estimate., This arose
from an informal earlier observation that subjects would observe the target for an incredibly long
time before pressing the "acquired' trigger; we wondered what was going on all that time. We found he
was graduslly increasing his level of confidence uatil he was ready to commit himself, One of the
things humans don't like to do is to make foolish errors, and no matter how you instruct, they hold off
from making & conspicuous error of judgement. This represents one of the kinds of things not handled
well in our models.

Dr Huddleston (UK)

I wonder, Mr Overington, if I can now ask for a confession fron you regarding the BAC model? I
mention the childishly obvious supposition we all make that hue is »0 desaturated as not to come into
the problem. However, I feel ill at ease too about the sharp edge, almost black/vwhire contrast
element at the crux of wany models. Have you any cuomment?

Hr Overington (UK)

I could only make a personal one, and that is the basis on which 1 started the modelling I've
reported, Por some years I worried that most modelling could only cater for a sharp-edged object. This
seemed to me to apply to recognition, the interrogation of specific objects, too., If one talks in teruws
of contrast and size as being predominant model features, this takes no account of a whole host of other
relevant things. For instance, when you look at & aimulation or a TV aystem or an image intensifier you
have some degradation of imagery. Also, relevant to the observer himself, there are factors such as
state of accommodation, pupil diameter, various other factors which change retinal image quality. This
quality of retinal image is of course very ilmportant in all we do, detection and analysis of detail
included. At BAC we, like many people, have tended to be over-naive in air-to-ground wodelling in this
assumption that it is the detection threshold thet matters., 1 agree with Dr Greening that the ability
to interrogate one of a number of possible objects az length, in & virtually no-gearch situation, is
vhat really macters. But, still, quality is all too little considered.

Dr Huddleston (UK)

Still talking about modelling, Mr Silverthorn, if I had to confess illness-at-ease about model
adequacy, [ might heve major misgivings about your definition and use of a hard sghell visual lobe.
Could you perhaps first clarify for the meeting vhat such a lobe is, and then mention what a soft shell
wodel might imply, were there one?

Mr Silverthora (UK)

In arriving at the herd shell lobe I made use of Dr Taylor's off-axis data, and generated what I
call a target detectability profile. The probability of detection off-axis does not necegsarily go up
to 1. The lobe is merely a mathematical device for making the calculations simple. At p = 0.5 let
us my, there will be a certain probability of off-axis engle and thst is taken, quite simply, as the
radius of the hard shell lobe. 1It's obvious that the concept of seeing the target inside, not outside
the lobe, is again merely a mathemacical device.

Imagine we have a search area with one embedded target which may be at any position. We are forced
to speak of convolution; if we take my detectability profile across the search area an average probability
of detection is found. This average is taken reslly in two ways, hut as an average on glimpse
distribution (s uniform, rectangular distribution in my model) the hard shell model makes sense.

Group Captain Whiteside (UK)

I want to ask simply what is the use of mathematical modelling? when considering men, with theic
changes in accommodation, arousal and so on, who are momentarily frightened with a consequently
widened pupil, who alter their direction of gaze for a quite srbitrary and unpredictable reason and sc
forth, whac use is a model? The aircrewman may have had a car accident or a police fine, or he may
have an unhappy vife; how 4o you include all such factors and make sense of the modelling?
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Mr Silverthorn (UK)

I don't spring to the defence of modelling, but heartily agree. It seems to me there are physical
aspects of the problem and there are psychological aspects of the problem. The psychologists haven't
a model of psychological man in the same senmse that we have, for instance, visibility wmodels. It seems
to me we have taken the easy route through the physical side ¢f modelling.

Dr Greening (US)

I can comment only to the extent of reiterating that we sre leaving the human out of the model,
unless we have him there as part of the variance. One of the few items of data I'm aware of that bears
on your question directly was collected by the US Joint Chiefs of Staff (but is not otherwise available)
on a Joint Task Porce simulation using real personnel, real vehicles and real terrain. There were
differencea between those data and others from cinematic simulation in terms of probability and raage
effects, but, more importantly, there was immensely more variability in the real than in the simulated
data. I feel the human being is represented in those very large variabilities. This is not an answer
to your question, though; it is a confirmation of the basis for it.

Dr Huddleston (UK)

Mr Overington, I take it you are happy to start from sdequate arithmetical descriptions of physical
things such as retinal spread functions and eventually work through to these more nebulous areas with
an accretion of precise models? In other words, you wouldn't agree that gt the minute we measurc the
easy and omit the important?

Mr Overingron (UK)

Well, I remain optimistic. We can come to terms, given that we start simply. We are still at the
simple stage admittedly. My random search modelling, and recent simulation work not yet reported
related to a photo interpreters type of task gives one confidence that the nebulous can be come to terms
with eventually. Certainly, there is an awful lot of parameters to include in the modelling, each a
source of variance and, indeed, of bias. It would be foolish to say we're close to accounting for them
all at the wmoment.

Colonel Appleton (US)

I don't share your malaise about modelling work. What we're talking of is human performance (and
the selection of personnel to perform) in the final analysis. Primary factors bearing on performance
are sensory acuity, motivation and aptitude, We messure acuity to the best of our ability. We've
precty well given up on the measurement of motivation. I think what we're discussing here is lsrgely
to do with measuring aptitude. What appears to bother people is that the models dor't mimic accurately;
they probably never will very exactly. But that's not so big a problem. You end up with a situation,
gadget, or whatever to meagsure up againat peopie that you're going to select.

On the basis of intuition alone, if your model is close, without meeting the rigid criteria
scientists tend to set themselves, it will be a most useful tool with which to assess aptitude. I
encourage this kind of modelling; I see it as a great step forward. At the moment we're measuring
acuity with a Snellen chart, knowing what a poor physical stendard that is, and likewise for colour
sense tests using pigments or lights. I think the modelling area is much more sophisticated, applicable
and useful than siwply measuring acuity, for example, Because you can shoot the models full of
theoretical holes doesn't destroy their value.

Mr Silverthorn (UK)

I'm a little concerned that you base your views on operator selection. I, at least, model for
operational roles and their description, in order to determine what aircraft stores to csrry, for
example. I don't think the model is good enough for that, yet.

When we varied targct size, but nct shape, and predicted by our model that range should b.
proportionsl to the scale used, we were quite wrong. Range and scale were independent, and the model
came nowhere ucar. There muct be 8 large factor we haven't come to terms with. In this sort of area
we feel uneasy abcut the modelling we're doing.

Colonel Culver (US)

1 was encouraged to hear of the iwmportance of factors to do with the eye other than acuity, for
instance accoamodation, which Mr Overington mentioned. Do these factors need further clarification?

Mr Overington (UK)
I'm sure they do! We a: BAC sre one of rany groups trying to tackle this.
Dr Vos (Netherlands)

Target recognition can be done by instrumentsl methods, looking through telescopes or whetever. 1Is
that the kind of thing you make models for?
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DPr Huddleston (UK)

Certainly a modal can be applisd to the sim of comparing physical aide, if that is what you mean.
Dr Gresning (U3)

We Lave done a good deal of modelling of TV, IR and other devices, and these modals can ba added on
to the kind of models ve've baer discussing here. A humsn observer and phyeicsl detector sre then in
series, and the detector Setween him and the source brings another 20 or 30 variables with {t, 1n my
opinion this topic would justify another meeting.

.
e

Under USAF contract a few years ago, for instancs, wy Company examined low-light IV systeas in
just this way, namely, comparing 2 image intensification systems by reference to model parameters.
Results show you can enquive usefully sbout paramatars such as signal-to-noise, aperture, and so omn,
ss they affect totsl system perforsance, man {ncluded.

o i . R g e b

Mr Overington (UK)

Modelling should be applicable to the comparison cf equipments. Unfortunately, one quickly runs
into the topic of image evaluation, which is beyond ti.e scope of this meering. I agres with Dr Greening
] that another session would be needed to cover it adequately. Ome of our cbjectives at Bristol i{s to
i model this men-equipment intaraction, and we are optimistic.
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PERIPHERAL ACVITY WITH COMPLEX STIM/LI AT
TWO VIEWING DISTANCES
by

Dr J R BLOOMFIELD

Department of Psychology, University of Nottingham, ,
University Park, Nottingham NG? 2RD, U K }

eI

visual acuity is defined in terms of the minimum resolvable visual angle
reciprocal. This assumes, implicitly, that acuity is independent of
distance. In the current study, this assumption was tested for peripheral
\.smgtmvxwingdmwnes A complex visual d.wplayuasusedfor i
ity task. 'Daedmplaysonumu!aragulagn aOmurgememofdmca

dimersions were 271 by165 and 4°2' by 2 2u', with the observer : :
13 m) and 47 £t (14.33 m) away, respectively. The display was exposed
secords, with the observer fixating a particular peint in it. Measure-
re made of the threshold distance from the fiation point at which a
i single, smaller target disc could be detected. The data, obtained from eight
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. target, in apxte of the large change in ms.mg distance. This implies that
! performance in air-to-ground target acquisition should not be directly affected
! by variations in viewing distarce.

A, INTRODUCTION
i 1. Visual search and peripheral acui

Smith(1), Erickson(2) and Johnston(3) have shown that visual search and peripheral acuity
are related. The further into the periphery that a particular stimulus can be seen, the faster are
the search times associated with it. The smaller the observer's visual field, the slower he is at
searching. Howarth and Bloamfield(4,5) made use of this relationship in arder to relate search times
directly to the physical clur\ac‘bemstics of thew search displays. They had some measure of success :
in predicting search times from peripheral vision performance, both for displays with a target amo i
nontargets (Bloomfield and Howarth, 6) and for a single target in a plain background (Bloamfield, r§

-3

e

In many search tasks, thedmtamebeweentheobsmammseamhmmmtmmmt.
In particular, for air-to-ground target acqmsitmn, the observer is in continuous motion, and the
digtance between him and the target area is always changing.

Peripheral vision measures can be used to predict performance in search tasks with a
. constant distance between the observer anxd the display. But, what is the effect of viewing distance on
pempmml acuity? And, can penpheml acuity be used to pmdrt search performance when viewing
: distance varies? This study was designed to investigate the firet of these two questions.

2. Foveal visual acuity and viewing distarce 1

Visual acuity is, unfortunately, usually defined as the reciprocal of the minimum resolvable
angle, measured in mirutes of arc. In mary ways, it would have been far better if it had been defined
in terms of the minimum angle alone. However, the use of either definition entails the acceptance of
the assumption that acuity is independent of the distance between target and observer.

In fact, with short viewing distances, i.e. below approximately six feet (two metres), foveal
acuity decreases with decreasing distarce., It has been suggeated that, since convergence and accommo--
dation necessarily co-vary with distance, either or both may acoount for this phenomenon. Tulving(8)
discussed these possibilities and produced evidence indicating that, in the absence of any charges in the
P distance of the target from Uic cbserver and regardless of the atate of accommodation, convergence alone 1

influences acuity.

With longer viewing distances foveal visual acuity does appear to be independent of distance,
Beebe-Center, Mead, Wsgoner and Hoffman(9) reported that, at observation distances varying from about
30 feet (10 metres) to 2 miles (3.2 Kilometres), "for prectical pwrposes visual acuity, defined in
angular terms, miy be confidered to remain constant over this range of distances".

3. Definition of vigual acuity

Before discussing the effects of viewing distance on peripheral acuity, it is worth deta:.l:.rg
the difficulties caused by defining acuity in texms of the reciprocal of the minime resolvable visual
angle. This definition was introduced by Wertheim(10) and it has led to the view that peripheral acuity
decreases rapidly at first as one nmoves away from the fovea, but then more slowly as the far periphery is
reached. Both Low(1ll) and Weymouth{12) have pointed out that & much more accurate picture of peripheral :
acuity is achieved if the minimum resolvable angle itself is plotted against eccentricity. Figure 1 shows

61




e - p g v cane T T S i e ag .. > - 4 NV AT IN NG Ny N
R B, RN O XN, TN TN [T B i AT S TG S SR
Sy IR S NG TR YR N N G S o e : .
- - Se L 3 ®
E]
B5-2 ]
0.8 o
- e wewe vigual angle
. 1 B IR
0.6 i 8
; | 60
0.4
- 40 :

0.2

reciprocal of visual angle
™
3
visual angle (mimrtes)

-——ame

| J L ¥
20 40 60

eccentricity (degrees)

-

Figure 1: Wertheim's (1834) peripheral acuity data shown
in terms both of the visual angle and of its
reciprocal (adapted from Low, 1951).
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Figure 2: Bloomfield and Howarth's (1969) peripheral acuity data
shown in terms of the differerce in visual angle of
the diameter of target and nontargets.
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Wertheim's data plotted in both ways. After his careful and precise measurerents ravealed that acuity
falls off gradually, and approximately linearly, as one moves from the fovea into the peripnery and, then,
in the far periphery falls off more rapidly, it is ironic that Wertheim represented his data in a way
that actually seems to reverse this picture. Indeed, it is doubly ironic, since in doing this he moved
from the kind of function - a linear one - that most vesearchers strive for, to a nore complex function
that is not easy to categorize mathematically.

4. Peripheral visual ac.ity and viewing distance

As a result of the use of the reciprocal function, the periphery of the retina has been
assumed to be qualitatively different from the fovea, Irn fact, the linear relationship between minimm
resolvable visual angle and ungular eccentricity, leads to the expectation that similar priiciples to
those that are true of the fovea might also hold in the periphery, particularly in the peripheral areas
from 0° to 30° or 40 fram the fovea.

One might, therefore, expect the effect of viewing distance to be similar. Again, in using
angular terme, there is an implicit assumption that acuity is indeperndent of distance. Ard, furtherwore,
for an isolated acuity target in a plain background, that the effect of reducing the anguiar size will be
the same whether it is reduced by using a smaller target or by increasing the distance between the
observer and the target.

Experiments testing this proposition have used short viewing distances and have produced all
three possible results: i.e. that stimuli for ing equal retinal images produced better peripheral acuity
when placed near to the eye than when funther avay (Aubert and Foerster, 13; Jaensch and Kleeman, 14);
that distance had no effect (Luckiesh and Moss, 15); and that acuity became worse for stimuli placed
nearer to the eye (Freeman, 16). These experiments are discussed by Low(ll). He points out that the
observed acuity differences are both small and irregular and concludes that peripheral visual acuity, if
measured with proper experimental safeguards, depends on the size of the retinal image.

No study that I know of has investigated the effect of viewing distarce on peripheral acuity
using distances of over six feet (two metres).

§. Peripheral visual acuity with complex stiruli

As mentioned earlier, Bloamfield and Howarth(6) obtained peripheral acuity measures using
digplays containing a target disc amongst a number of nontarget discs. They obtained a linear function
relating the difference in diameter of the target and the nontarget discs to angular eccentricity. This
is shown in Figure 2. It is similar to the linear function of Figure 1. Once more the use of angular
terms entails the implicit assumption that peripheral acuity is independent of viewing distance.

The experiment reported here was carried ocut to test this assumption. In it, I used the type
of display used in several studies of visual search (Bloomfield, 7, 17, 18) as well as in the experiment
by Bloomfield and Howarth(€). The experiment differs from previous studies of visual acuity amd viewing
distance in that no attempt was made to have targets of equivalent angular size at the different distances.
Irstead, the linear dimensions of the target, the nontargets and the display were held constant. Under
these conditions, if peripheral acuity was independent of viewing distarce, we would expect to find that
the linear threshold distance remained constant. (This is discussed more fully in section C.4.).

B. APPARATUS A"™ PROCEDURE

An overhead projector was used to project the display material onto a screen. A perspex sheet,
with shallow holes drilled into it, was placed on the projecto.. Ball bearings were placed in these holes,
their images appearing on the screen as discs. The perspex was masked off to giw: a rectangular display
longer horizontally than it was vertically.

The observer sat near to the digplay (7 ft - 2.13 m) or far from it (47 ft - 14.33 m). His angle

of view yas identical at the two distances. The room was evenly illuminated. The ambient light level was
44 n/ft°. The walls of the room were matt white. The dimensions of the room were u8.25 feet long by
16.5 feet wide by 9.5 feet high.

The display used contained 170 large discs arranged in a regular 17 x 10 matrix. A fixation
spot was provided for the observer. This fell on a spot ceincident with the centre of the disc with two
stimili to its left, 14 to its right, four above and five below. The dimensions of the display,with the
projector 6.5 feet from the screen, are given in Table 1.

The observer's task was to detect the presence of a single smaller target disc, which was
placed on the horizontal row indicated by the fixation point and to tha right of this point. Four sizes
of target were used. Their dimensions and those of the nontaryet background discs are given in Table 1.

In order to expose the display for « nief conmtrolled interval a large aperture camera
shutter was fitted to the overhead rroiector. The fixation point was provided by mears of a slide
projector, that also had a shiiter attache! % it, The two shutters were connected so that when one was
open the other was shut, an7 vice versa. The Jixation point was always visible, except when the display
was exposed. The length o’ the exposure was cont,olled by the overtiead projector shutter, and was
constant at 0.25 seconds throyghout the experiment.

Before each exposure the observer fixated the fixation point. The target was moved in towards
the fixation point on sw cessive exposures, until the observer was sure he oould detect it., Its distance
avay from the fixation piint was then recorded. Then, the target wWas noved out away from this point,
until he was sure he cculd not detect it and, again, the distance was recorded. If, after any exposure,
the obeerver reported chat he was rot fixating on the fixation point, the results of that run were
igrored and the movement irward or outward wes repeated.
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Table 1: linsar and angular dimensions of the display and stimuli

Near Far
Observer - display distance (feet) 7 w7
Display Linear Size (inches) Angular Size .
Size Unprojected | Projected | Near Far o
Horizontal 7.56 W59 | 27° 1.t 2.0
Vertical 4.50 2.75 | 16° n.8' | 2°24.0' 1
Diameter (32rds inch)
of Nontargets 10 55 67.0* 10.0°'
9 49,5 60.3" 9.0
1] 1]
of Targets 8 uy 53.6 8.0
7 38.5 46.9° 7.0
6 33 40,2* 6.0
Gape between
stimuli, and .
between edge of 4 22 26.8' 4.0°'
nearest stimli

The oontrast (C) of the dark (D) target and nontarget stimuli to the
light (L) background, calculated from the formula

2100 (D-WL/D+L) ,
was approximately 70%. ; J

Each target was used twice at each distance in each session. All four were used at one :
distance, then all four at the second. Then, all four were again used at the second distance, and then !
again finally at the first. mmgmmumyspmentedmaswdugordeswdmoxder The
four possible presentation arders are given in Table 2. Each session lagted between 1 and )i houwre.

distance targets | distance targets | distance targets | distance targets
1 near 9876 far 6769 far 9876 near 6789
2 near 6789 far 9876 far 6789 near 9876
3 far 9876 near 6789 near 9876 far 67689
L far 6789 near 9876 near €789 far 9876

Eight observers were used. They all had normal vision (two - 53 and S8 - carrected). Each
was tested alone in two or three sessions. For their first session, four observers (S1, 52, S3 and Sk)
were seated near to the display firat (i.e. they had order 1 or 2), uﬁforﬁuirsmﬂssamnﬁny
were far asay at “iret (order 3 or u). IfﬁWyhadamudauaionmeywmmaratfu'stw

\re was 1v rsed for the remaining four cbservers (55, S6 S7 and S8).

C. RESUl , Arw DISCUSSION
.. Staustical treatment

Five observers (S1, S2, S5, S6 and S7) took part in three sess
in two. hfmtsusianmmtedupmﬁceforallobam. Themda
distances from the fixation point. The target most different in size from the nol tngete,
could be devtected at the edge of the display by four cbservers (53, Su, S6 and SB) ,ﬂmfon,
threshold distances could rot be maasured for them for this target. Because of this the data have
analysed in tWo Ways. Table3shmnﬁwmultaofafmyamlysisofmwithmd@t
cbeervers, the three harder targets (9, 8 and 7), two viewing distances and with the inward and outward
madirglompuved hblcbah:usaainﬂmamlysisfarfmmobom(ﬂ 52, S5 and S7) and &ll four

ions, and three (53, S& and S8)
consisted of threahold
and

been
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Table 3: simmary of four-way analysis of variance with all eight cbservers and three target
sizes (9, 8 and 7)

Source Degrees of Freedom F P
A. Observers 7 21.65  <,00001
B. Viewing Distance 1 0.12 - e
C. Insard v Outward 1 77.28  <.0001 3
D. Target Size 2 130.61  <.00001
AxB 7 17.92 <.00001
AxC 7 2.31  <,05
AxD [ 6.07  <.00001
Bx¢C 1 0.70 -
BxD 2 0.14 - :
|
CxD 2 4.86 <.08
'i
AxBxC 7 0.16 - i
| AxBxD 1 6.79  <.00001
]
f AxCxD 4 0.7 -
BxCxD 2 1.94 -
i AxBxCxD 14 0.32 -
) 3
!
| Within 206 :
Total 11 3

Table 4: gummary of four-way analysis of variance with fowr obgervers (S1, S2, S5 and $8) and
all four target sizes

Ll 137

Source Degrees of Freedom F P B :

A. Observers 3 120.26  «,00001 3
B. Viewing Distarce b 0.81 - H
C. Inward v Outward 1 77.16  <.005
D. Target Size 3 54,65  <.00001

AxB 3 S4.42  <.00001

AxC 3 2.1 -

AxD 9 u.u6  <.C0001 :

BxC 1 1.3 -

BxD 3 0.46 -

CxD 3 .44 -

AxBx¢C 3 0.20 -

AxBxD 9 11.26  <,00001

AxCxD 9 0.58 -

BxCxD 3 1.49 -

AxBxCxD 9 0.15 -

Within 192
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Both tables shaw sinilar patterns of significance. All the main effects gacan: rhat =¥ 1
viewi.r? distance are aighly significant. It was to be expected that the threshold distance woul:. S

significantly greater when the target was moved ocutwards than when it was soved immmi e since en{s is &

artifactual result dependent on the particular method of measuring the threahold. S:milariy, free 1
Bloomfield and Howarth(6) it was to be expected that, as the target cammm Closer in Size T ur (Evwas g0
the threshold distance would be reduced sigrificantly. The third signifiomt msin effect w ot rollas 3
was that of observers and, again, this was to be expected, being a typical finding ir threex:.d sgvaurre

The firet-order interactions, of viewing distance and of target size with obgersert, 4
the second-order interaction, of observere by viewing distance by target siza, are hiyhliy sigmmiirant,
The main differerce between thc two tables is that the two interection terms, of observcrt ! 3 targst
size with invard v outward readings, with low levels of significanca (.05) in Table ! do ret xiieve
si,gnifi}::a‘;ce in Table 4. Again, that interactions inwlving observers prove to be aignif: cant it o<
smpm .

The main interest in these analyses is centred on the fourth main effect: vimwirg Xivance.
It is clear that we cannot reject the null hypothesis that the data takan at the bw distuncer csax irvm
the same distributions, in this case. In fact, the high values of 'P' obtained for trese (0.72 A L,edb in
the 18t & 2nd analysis respectively) constitute strong evidence for accepting the mJi hypothesis:
ie. to accept that the linear threshold distance for each target is the same at 7 feat a5 it 23 &~ 1even.

The significant interacticns inwolving viewing distanca are best imerpaeied in terw o
differing tremds amongst the observers. For some, there 15 a slight, bur insignifics st, dectwwst _-
performance as viewing distance is increased; for others, there is a sn@t, but irsipnificant, (amecove-

{ ment; however, the difference between these two slight effects is significant.

2, Grephical representation

: In reporting similar peripheral acuity data, Bloomfield and Howerth(6) platted the o fitrena
] in diameter of target and rontargets against eccentricity. However, eccentricity is jyobably syt clepen-
i dent on the absolute diameter difference but, rather, on the diameter difference relative to the
diameter of the nontargets. Thus, it would be more appropriate to plot the rel-tive .lifference iguicét
eccentricity.

The relative diameter difference remins unchanged as viewing dittance is wmaried. Figize 2
shows the mean linear threshold distances for all eight observers for the three diffirult taryeti w2
furction of the relative diameter difference. Figure 4 shows a similar plot for four of these eyt
: obgservers with all four targets. The analyses reported in section C.1. indicaterd thet the tuentcod
! distances obtained at the two viewing distances, "thich are campared in these two figwes, woars ron eighafa-
cantly different and were, in fact, probably from the same distribution.

As the interactions of observer and viewing distance, and of cbserver by viewirg rlistanw ov
target size were significant,the data for each individual obserier are shown in Figwe 5. lere e Lirear
threshold distance is plotted againot viewing distance. The units on the two axws ary: the s&uM , ™t the
scale for viewing distance is 12.5 times greater than that for threshold distance. Frr- mcst Sheirass,
there are changes in threshold distance with viewing distance. Dut, considering the c..fferewm {n scales,
these are not important for nost cbservers. The largest changes occwr for S5, who sesms bettes it the
far distance for targets 6, 7 and 6, and for S¢ (targets 9, 7 and 6) and S8 (targe® 7] who smen tetter
near to the display.

3. Possible source of error

As stated in section B, if the observer was not fixating the fixation point after tvs
display had been exposed, the camplete imsard or cutward sequence of presentations ir progress sus vejecrec,
This was necessary on three occasions only, once each with observers S5, S6 and S8. F-wxwer, it is
possible thut there were some small movements away from the fixation point tosiards the target thut wae
not noticed by the observars. Since the same angular movement would be associated with a lager inear
rovement at the far viewing distance than the near, ard such undetected movesments mey \ave red crftnoen-
tial effects. It is rot possible to state whether or not this occurred, and the poesidilit ehc:id be
borne in mind when corsidering the implications of these firdings.

4. The effect of viewing distance

This study was primarily undertaken to investigate the effect cf viewing iistawx or jeii-
pheral acuity. On the evidence obtained using eight observers, one must conclude Cwat *he Tuesruld
distance from the fixation point ramains constant for all four targets 1Bed when the v.ming 2 marce
is increased from seven to U7 feet (though there is corsiderable variability among obestvwvers).

Beebe-Center et al.(9), measuring foveal acuity in minutes of arc over & fmge <& & riaew
from 30 feet to 2 miles, found that acuity was vonstant. If the effect of viewing distance (v.) on pe-i-
pheral acuity was analogeus to this, one would expect that ﬁm of comtant angular < merwilin (&) wonld
be detected at constant angular eccentricity (6) as V. was ed. The recult obtainei nere was tha:, fur
targets of oonstant linear dimensions (D), the limarbdmmld distance from the fixtion pulnt (T) wos
oonstant.

The obtained result and that that might be expected by analogy are, in fact, fouiwaily
equivalent; viz
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- - - A . A - T
B6-9
8 = TNy
and 8 = D/VD , both by simple geometyy
T = VD .« 8 1
amd D = VD . B 2
The obtained results with varying VD was
D/T = oconstant 3

+' 5 by substituting 1 and 2 in 3,
8/ 8 = oometant, and this is the expected result.
A particularly notable feature of the main result of this study is that, not only is it in
linc with expectations based on work on foveal acuity, but also it was obtained using a conplex visual
display containing many nontarget stimuli.

5. Implications for target acquisition and visual search

The second question posed in section A.l. was can peripheral acuity be used to predict search
performance when viewing distances varies? Since it does appear to be independent of viewing distance, it
seems likely that it can. Because of the relationship of peripheral acuity to visual search, one would
expect viewing distance to have no direct effect on search or target acquisition, for distances of over
approximately six feet.

1f search or target acquisition does become more difficult as viewing distance increases,
this is likely to be because of secondary variables. For example, with longer viewing distances more
interesting, irrelevant objects may come into the field of view, drewing the observer's attention away
from the search area. We do know that, with increased viewing distance, the gearch area may become so
small that the observer finds it difficult to place all his glimpees within its boundaries. Enoch(19)
£ that, while only 10% of his observer's fixatiogs fell outside his search displays,_)whm they were
9” square or more, as many as 50% fell outside his 6 display and 75% outside that of .

o Ihe display used in the cwrrent gtudy had, at the longer viewing distance, angulur dimensions
of 472' by 2°24'. On the basis of Enoch's data, one would expect a high proportion of fixations to fall
outside this display, if it was used for search with an observer 47 feet away. This may result in wastage,
which one would expect should lead to longer search times at thir distance conpared with those at seven
feet. In fact, from preliminary work, this does seem to be the case.

At the present time, one would expect that providing (a) the search displey always has
angular dimensions of 9° or more, (b) viewing distarnce is greater than six feet (two metres) and (c)
viewing distance is ot so great that the observer is unable to resolve the target, then variations in
viewing distance should have no effect on target acquisition or visual search performance.
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DISCUSSION

Mr Ericson (US)

Did your cbservers have difficulty maintaining fixation while you took the measurements?

Dr Bloomfield (UK)

Subjects sat 7 or 47 feet from the screen, and fixated a point. When they were ready, the fixation
point was removed and a stimulus flashed on for } sec, during which time they should still have been
fixated, We asked them to tell us if they weren’'t doing this, In fact, I was one of the subjects (53)

and remember having no problem. But I sgree there was no actusl check on whether subjects' eyes had
moved.

Mr Ericson (US)

T tried to do & test like this with 22 pilots in 2 sessions. In the first session I didn't tell
them I was watching their eyes, and in the second session I told them I would say when I saw their
eyes move off. What I could describe as cheating then dropped from 20 to 1 per cent or thereabouts.

Dr Bloomfield (UK)

I don't know whether our subjects were cheating. They seemed to try to help us. Obviocusly we
would have liked to have had a way of checking fixation, but with out viewing distances and without
specialised optical systems such ss split prisms this was not possible.

Incidentsally, like many subjects, I had the distinct feeling I was much worse further from the
screen, though this turned out not to be the case when the data were analyeed.

Mr Overington (UK)

Foveal acuity doesn't change much beyond 6 feet, as you aay in yrur paper. 1'm at a loss to see
why your experiment was from 6 feet outwards. Por the fovea, those effacis thst there are are from
6 feet inwvards.
Dr Bloomfield (UK)

When asked to do the investigation, it was quite clear I vas expected to find sn effect, if only
the subjective one 1 mentioned. I agree the literature makes the discovery of a large distance effact
unlikely. Peripheral acuity was in this case expected to decresse as viewing distance irccreased, aud
this expectation was from a previous practical finding, not {rom the literature.

Mr Overipgton (UK)

From the physical optice stand point, any distance effect on scuity should be due to the imaging
optics of the eye. 7The periphery already has a poorer image snd is more grainy than the ceatre area
of the eye, so effecta of dietance should be even harder to pick up thau they are fur foveal viewing
from 6 feet inwards. 1 might expect peripheral effects to be insignifizant even at these short
distances.

Dr Bloomfield (UK)

I think we now agree.

Mr Overington (UK)

Two of your observers might well be considered 'rogues' in a small eample experiment. How vere
they screened visually? One of them could be slhort sighted (85) end the other long sighted (§4). Did
you do aoy snalysie excluding these 2 subjecte? The A x B interaction you report might thea be
insignificsnt,
Dr Bloomfield (UK)

I sgree the interaction would go. As to screening subjects out, this depends on what one is trying
to do. I wanted to follow this study up with one on visual search at the 2 viewing distances.

Mr Overington (UK)

Agreed, but {t's only chance that 85 and S& balanced each other in your overall results. You could
have had 2 'rogues' in the same direction which would have given an apparent main effect.

Dr Bloomfield (UK)

No. We would still have lsolated the Observer X Viewing Distance interaction.
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B741
A Model for the Inherent Contrast Conditions in Pull-Form Objects

Dr.~Ing. habil, Max R. Nagel, Sciencific Coworker
Deutsche Porschungs= und Versuchsanstalt fir
Luft~ und Raumfahrt e.V.

D-§031 Oberpfaffenhofen, Germany

Sumsary. The concept has been developed of a simple model that is representative of the luminance and con-

‘trast conditions on full-form objects. A ressonably realistic approach is a sphere that is exposed to the

irradiation from the entire sky, the sun, and the ground, taking into account thé considerable variation

of the luminance in the sky. Based, primarily, .m measurements nf the sky luminance in the Pikes Peak

ragion of Colorado, U.S.A., calculations were mao: of the inherent contrast in such a model vhen it is

vieved from any direction vith fields of view of varisus sizes., Other calculations were concerned with the

model object's

conteur contrast against ites background, and with its color. Representative results of these

calculations are shown and discussed,

List of symbols

Ae
Y=

Qe
B-
(]
Ws

Y(Wl-
H(w)-

alwe
ma

€o =

Q=
lyw
lgw

azimuthal distance of a point of the model sphere from the sun vertical

latitudinal distance of a point of the model sphere from the horizortal equator of the
sphere

azimithal distance of o point of the sky from the sun vertical

latitudinal distance (elevation) of & point of the sky over the horizon

elevation of sun over tha horizen

wavelength of light, in mm

relative sensitivity of the eye for light of wavelength w, with reference to sensitivity
at v = 555 m

solar energy in ll/I2 iust outside the terrestrial atmosphere, perpendicular to direction
frow the sun, for vavelength w

attenuation coefficient per unit air mass, for wavelength w

effective sir wass

angular distance of point (AY) from point (A=~0 @ufiy ) on the sphere, directly under the
sun

brightness of sky in the vicinity of point {af ), in lm/mz

ares of supall portion of sky having an average brithtness B, in steradian

reflectance of ground

reflectance of model sphere

total illuminance in l.n/m2

portion of the tots) illuminance attributable to direct rediation from the sun, in Im/m2
portion of the total illuminance attributable to direct radiation from the sky, in lmlm2
portion of the total {lluminance attriductable tn veflected radistion from the sun, in lm/m2
portion of the total illuminance attributable to reflected radistion from the sky, in lm/m2
ratio of solsr and sky components of illuminance

a.imuthal component of s vieving direction with respect to the center of the sphere and
sun vertical

lacitudinal component of a viewing direction with respect to the center of the sphere and
the hoerizon

center angle determining radius of a field of viev on the sphere surveyed by an outside
observer

angle deteraining location of a point at che boundary of the field of view

luminance at s point of the sphere at the boundary of the field of view

luminance of the sky next to s point of the sphere at the boundary of the field of viev.
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B7.2

1. Introduction

One of the primary factors governing the visual detection and identification of ground features from an
aircraft is the inherent contrast of these objects, either within themselves or against their backgrounds.
In fact no ground object can be detected, much less identified, without an inherent contrast either in

Qe - -

terns of luminance or in terms of the spectral composition - or color, respectively - of the radiation

i bl A T e, NG e

emitted or reflacted from its surface. This statement applies to any photo-electronically supported obser-
vation as well; and problems sround the inherent contrast conditions in cutdoor objects continue, there-
fore, to hold considerable interest for s great number of everyday-public, industrial, scientific and

- —

military disciplines. As a consequence, a need is felt to establish # set of sufficiently detailed data

on the inherent object contrast which, based on measurements under actual conditions, can be realistically
associated with a variety of environmental, meteorological and operational situations and wvhich, in turnm,
can serve as a model for further caiculations, for duplications and simulations, and for predictions of

object contrasts assuming changed conditions.

2. Discussion of the Model Concept

C O SN SR . T W

Physically, the concept of such a model envisages a smooth sphere located outdoors, initially under a

clear day~time sky, and illuminated by skylight, sunlight, and the reflecting ground. Both the sphere and
the ground are considered completely opaque, neutral gray in color and diffusely reflecting, the ground
having a reflectance p ; and the sphere, pk. The size of the sphere is small and its altitude above the
grounds is such, that its shadow does not cover a material portion of the ground and affect the amount of
light (or radiation, respectively) that is reflected from the ground upon any part of the sphere. This
sphere i{s viewed from the outside by an observer from any directiom; and the observer is, sgain. small or
[ distant enough from the object sphere and its surrounding ground so as not to interfere with the light

e o im g oo e e e

distribution on them. To fill the condition of an "inherent" contrast, the environment is assumed to be
such that the contrast is neither attenuated nor augmented by the medium between the observer and the
sphere. It is also assumed that no atmospheric sttenuation (scattering, absorption) occurs in the space
betwcen the observer and the sphere. Purthermore, both the sphere and the ground will in the case of
visible radiation, not emit any light of their own.

This concept of a model object has already been proposed in an earlier publication (1), and, inevitable

Lin 44

shortcomings nctwithstanding, atill appears suitidle and sppropriaste for the sbove-stated purposes. The

following arpuments in favor of this concept are essentially repeated from that publication:

1. 1t reduces an ohject to a mathematically easily accessible spherical shape. In particular, it facili~
tates interpretation of basic data chtained through its application and makes {t possible to easily
translate locations on the model into more general teims of surface orientation, The assumption of a
three-dimensional full-form system peimits the execution of a series of conoiderations that cennot be

performed with models concerned with apecific surface oriencations only. In particular, the adventages

of full-form models come to bear, when questions of optimalization, location of minima and maxima, etc.,
are to be dealt with, as is the case, for example, in connection with the problem of detection and re-
cognition of objects.

2. Physically, the convex, unobsured portions of the surface of an object, that are the characteristicum
of a sphere, are ususlly also the ones most responsible for the photometric, spectroscopic and colori-
metric appearance of an oobject.

| 3. The cond;tion of a smoocth surface necessarily narrows the applicability of the model to gross-form

' considerations and will oftes lead to minimum contrasts, which can be desirable or undesirable, de-
pending on the task at hand. Cenerally, this condition will tend to be best approached in small cobjects,
but it is for practical purposes usually sufficiently sazisfied in significant portione of the surface
of corplex objects as well.

4, The asaumption of a gray colaration of sphere and ground, and the condition of perfect diffusion sim-
plify the theoretical considerations and at the same time enavle further application of (he results
to colored surfaces. Y“hile, admiccely, such & simplification neglects tha influence of colored natural

pround covers, it must be remembered that, by and larze, natural cbjects usually reflect throurh the
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entire visible spectrum. They also change their spectral appearance through the year so as to make ge-
neralization - which is the purpose of a wodel ~ extremely difficult. Purthermore, many marmade out-
doors features distinguish themselves from natural ones by their - sometimes, as for exsmple in the
case of camouflage, deliberate - neutral coloration. This present article will therefore consider - to
some small extent - only the coloration of an object introduced by the solar and celestial radiations.

Since the time of the previous publication, several sets of new, more detziled data have been published
]

and more elaborate computation capabilities have become available, which now permits expansion of the
scope of the earlier study.

3, Computations

In order to decermine contrast and color of a model object, it is first necessary to know the basic com-
ponents of the totsl illuminance oceuring on its surface. These are primarily the contributions made by the
direct radiation from the sky and the sun, and those made by the radistion reflected from the ground. In
the case of the model considered in this study, the radiation impingent on the ground is identically the

b same, in smount as well as spectral composition, as that on the upper pole on the sphere. In the process

of reflection, only the amount of reflected radiation changes in accordance with the reflectance of the

ground, while the spectral composition - represented here by the ratio V of solar to celestial radiation -
is maintained.

For che calculation of the celestial radiation, the data from the ground-based messurements during the
* 1956 Infrared Measurement Program (IRMP'S6) of the Wright Air Development Center by Bennett, Bennett and
Nagel (2-3) wers employed, Unlike similar sets made at the same and other occasions by an airborne group
of the Scripps Institution of Ocanography Visibility Laboratory (4-8), the chosen data refer to a ground-
based station and several sun altitudes ‘rom 4 to 55° during one generally clear afternoon snd seem,

therefore, particularly suitable as a point of departura for future correlation of less easily interprec-
able measurements.

Lacking adequate rolar irradiation measurements ~ a set of pyrheliometric data obtained during the IRMP by
D.J. Portoan snd F.C. Elder (9) yielded unrealistically high values -, the calculations of the solar com-
ponent of the illuminsnce on the point direztly under the sun were made using Moon's values for the solar
radiation (10) after adjusting them s'ightly to an extrsterrastrial !rrediance of 140! H/n2 to conform
with the International Pyrheliometric Scale.

That portion 6550 at s point (A,P) on the sphere, shich is attributable to the direct radistion frum the
sun, is given by

o0 .
M BEgI-T 6607 (w) - K (w1072 ™ eog €0 im/m?
we

where \,p the longitude and latitude coordinates, respectively, of the point on the sphere, with raference
to the sun vertical A » O and the horizontal equator of the sphere,Pe 0; v = vavelength of light;

680 1m/Watt = international mechanical light equivalent; Y(v) = relative sensitivit; of the eye; H(w), in
wnttlmz, = golar irradisnce just outside the terreatri{sl atmoephere incident on a surface perpendicular to
the direction to the sun, after Moon (10); a » attenuvation coefficient per unit of air mass; m = air mass

according to Bemporad; €p engular distance of point (A @) from the point of the sphere ( A=0 Pafiy)
directly under the sun, 8, = sltitude of sun over the horizon. It is also

(2) cos €p=siny sinBpecos cos By cos A

This cquation is valid within 0 & €5 & 90°, which condition defines the sunlit half of the model sphare,

and AJlgp=0 for the rest of ite surface. It may here also be inserted that £qQ (1) still tends to result
{n somewhat high value of AESU » probsbly due to the rather unsecured value for the mechanical light
l equivalent.
L The component of illumination 8fhy (A @) in a point (AY) of the sky due to direct skylight is given by
p
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entire visible spectrum. They also change their spectral appearsnce through the year so as to make ge-
neralization - which is the purpose of & model - excremely difficult. Furthermore, many manmade out~
doors features distinguish themselves from natural ones by thelr - sometimes, as for example in the
case -of camouflage, deliberate — neutral coloration. This present article will therefore consider - to
some small extent -~ only the coloration of an object introduced by the solar and celestial radiations.

Since the time of the previous publication, several sets of new, more datailed data have been published
and more elaborate computation capabilities have become available, vwhich now permits expansion of the
scope of the earlier study.

3._Computations

In order to determine contrast and color of a model object, it is first necessary to know the basic com-
ponents of tha total illuminance occuring on its surface. These are primarily the contributions made by the
direct radiation from the sky and the sun, and those made by the radiation raflected from the ground. In
the case of the model considered in this study, the radiation impingent on the ground is identically the
same, in amount as well as spectral composition, as that on the upper pole on the sphere. In the process

of reflection, only the amount of reflected radiation changes in accordance with the reflectance of the

ground, while the spectral compositfion ~ represented here by the ratio V of solar to celestial vadiation -
is maintained.

Por the calculation of the celesrial radiation, the data from the ground-based measurements during the
1956 Infrared Measurement Program (IRMP'S6) of the Wright Air Development Center by Bemnett, Bemnett and
Nagel (2-3) were employed. Unlike similar sets made at the same and other occasions by an sirborne group
of the Scripps Institution of Omanography Vieibility Laboratory (4-8), the chosen data refer to a ground-
based station and several sun altitudes from & to 35° during one generally clesr afternoon and seem,

therefore, particularly suitable as a point of departure for future correlation of less easily interpret-
able measurements.

Lacking adequate solar ivradiation measurements - s set of pyrheliomerric data obtained during the IRMP by
p.J. Portman and P.C. Elder (9) yielded unrealistically high values -, the calculations of the solar com-
ponent of the illuminance on the point directly under the sun were made using Moon's values for ths solar

radfation (10) after adjusting them slightly to an extraterrestrial irradiance of 140) Hlnn2 to conform
with the International Pyrheliometric Scale.

That portion AES[] at a point (A ¥ ) on the sphere, shich is attributable to the direct radiation from the
sun, {s given by

() At (x,w-:i'_o 680 (w - H (w) -10°3 M. o5 ¢ 1m/m?
vhere A @ the longitude and latitude coordinates, respectively, of the point on the sphere, with reference
to the sur vertical A = 0 and the horizontel equator of the sphere,¥= O; v = wavelength of light;

680 1z/Watt = internaticnal mechanical light equivalent; y(w) = relative sensitivity of the eye; H(w), in
Hatt/mz. ® solar irradisnce just ocutside the terrestriasl atmosphere incident on a surface perpendicular to
the direction to the sun, after Moon (10); a = attenuation coefficient per unit of air mswvs; m = air mass
sccording to Bemporad; €5 angular discance of point (A, P) from the point of the sphere ( A=0 By )
dirvectly under the sun, B, = altitude of sun over the horizon. It is also

(2) 08 €getiny sin Potcos o3Py COSA

This equation is valid wichin 0 5 €5 & 90°. which condition defines the sunlit half of the model aphere,
and  Algy =0 foc the rest of ite surface. It may here also be inserted that £q (1) still tends to rasult

in momewhat highi value of Afso , probably due to the rather unsecured value for the mechanical light
equivalent.

-

The component of {llumination 8fyp (A @) in a point (A P) of the sky due to direct skylight is given by
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to the determination of location vhere such conditions occur.

As an axsmple, Pig. 4 shows the locations of the minimum and maximum {lluminance, when the ground reflec-
tance changes, Particularly interesting is here the transition of the point of maximum illuminance from a
latitude well above the point directly under ths sun for gero ground reflectance, to amach lower latitudes
at incressing reflectances,

S. Surface Contrasts

Three types of contrast were invastigated as further examples of the utility of the model sphere concept in
practical applications:

1. The inherent contrast withiu a field of viev of given size, as seen from an outside observer (sun-
face contrast)

2. The contrast of the sphere along the edge of the field of view in relation to the background of the
sphere, i.e. against the ground or the sky (contour contrast)

3. color variations on the sphere

Por this purpose, an observer or a camera is imagined to look from outside the sphere toward its center

in a principal direction (_A_$ ). The coordinate systenm of these directions is oriented like that for the
sphere surface (AY) iteelf, so that the surface point (AY) is the nadir point with respect to the obser-
ver. The observer is then thought to be able to survey a circular area on the sphere whicl, is centered at
(AP ) and vhose radius {s determined by an angle W subtended at the center of the sphere (see Fig. 5),

W » 90°vill therefore describe a situation where rhe entire half sphere facing the observer is visible to
him., Smaller fields of view are of importance for the study of situations where large objects are involved,
such a8 in the cuse of navigation over mountainous terrain, or when the field of view is nsrrowed by opti-
cal instrumentation, photographic csmeras, microscopes, telescopes, or the like. In operations involving
visual observation, the object contrast may then define the probabilicy of detecting an object; in the
photcgraphic application it will, for example, determine the required exposure range of the film, ete.

For the present study, the relationship

o« Fmax - Eain
®  C" fax v Ealn

vas used to define a contrast. Hers Emax and Eunin are the maximum and minimms irvadisnces, or luminances,
respectively, within the f{eld of view. Por reference and comparison, Appendix | contains a number of
values for various other definitons in common use.

FPig. 6 illustrates the case when an obssrver sees the entira sphers (we 90%)., The lines indicate viewing
directions from vhich the lnherent surfacs contrast within the field of visw remains the same. The star
at the meridisn A= O indicates the direccion of the sun.

0f specisl interest is here the upper section of the presentation vhich contains the directions applicable
to aerial observation and other situations vhers the observer looks dowmward on the subject. In the case
shown ~ that is, for a sun altitude of 55° and ground reflactance 20 £ - a lerga tection of that upper half
is blank end marked 82, indicating that for all the directions pertaining to this section the inherent
surface contrust stays at that lavel; primarily because, looking at ths object from sny of these directions,
both the sphers point having the greatest {i1lumination and that having the smallesr ona sre within the

field of view of the obmerver. For all directions cutside the blank area, the surface contrast diminishes
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and is lovest from a direction iibout opposite that of the sun, commonly referred to as a situation of
"backlighting".

Fig. 7 demonstrates the use of the model in a study on the influence of the ground reflectance on the
surface contrast in the observer's field of view by showing the displacement and deformation of the line
for directions from which a surface contrast of 0.7 is maintained. By means of illustrations of this kind,
an observer from an unspecifiable direction and at different seasons of the year, i.e. bare vs snow covered
ground. (Other corditions, - in particular, illuminance levels, sun altitude and background - remaining
equal, a greater number of observation directions should be aveilable for detecting an object when the

ground is bare,)

Of course, when the field of view becomes smaller, therc ar» [ewer chances of seeing the two locations of
absolute minimum and maximum sphere illuminance simultaneo.sly. Therefore, the contrast within a given
field of view will tend to be small in a small field of viev, or at a small w , respectively, Vice versa,
there will be fever directions from which an objer. appeara above a minimum contrast; and Fig. 8 illustra-
tes the dependency for three fields of view o7 differing size at the standard 53.5° salar altitude and a
ground reflectance 0.2. In the illustratior. the hatched side of the lines shown indicate the viewing

directions from which the contrast in the object ia smaller than the required one of, in this case, 0.7,

Pig. 9 elaborates on this atatement in the, perhaps, more practical, application when an object is ima-
gined to be observed from an aircraft during; a direct overflight within the sun vertical. Three different
fields of view with half-angle W are assured; the geometry is indicated in the iusert. It can be seen,
that the contraasts not only become smaller with a diminishing field of view, being smallest when rhe ob-
ject is vieved approximately from the divection of the sun. They also fluctuate the less during the over-
flight, the larger w becomes; a fact, that may become of interest for the visual observer as well as for

example, & photographer or engineer engaging films or detectors having a limited dynamic range.

6. Contour Contraat

At times - particularly during the night, it overcast sky conditions, or within clouds or fog - it is the
contour <ontrast rather than the surface cont.ast that dominates the detection and, even more so, the re-
cognition process of a surveillance or reconnaissaice task. A set of calculations was made, in order to ob-

tain an indication of the trends and megnitudes involved.

For this study, an observer vas again envisaged to view the object sphere in a principal direction (A ).
Contrary to the earlier propositinn, the observer is now located at a fixed altitude H = R(sécw—1 )above
the point ( A, ) of the sphere, however, where R is the 1adius of the sphere. From that altituie, the ob~
server is able to survey on the sphere a circular field of view, whose radius sustends, ac before, the
angle w at the center of the sphere. The contour contrast is then determined, on one hand, by the luminance
LKk of the sphere, and, on the other hand, by the luminan:e lg of the background as s.en by the observer,
vhen both luminances are measured at udjacent points aloag the circumference of the observer's field of
view, The location of these points with respect to ( } ¢ ) it given by an azimuthal viewing angle O , with
@ =0 oriented as shoun in Fig. 8. The nuuerical magnitude of the contour contrast was defined to be

Ly - Lg
lx + L
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and che locations pertaining to Ly and lg are given as follovs

a) location on the sphere:

sin @ (91 = sin w cos P cosT+cos w sy

sin (A-A(01) = %%%5%?"

b) associated location in the background

(10)

sinf (@)= cos w cosy cosO-sin w siny
an . sn® cosw
L sn{A-al@)e- osB IO
When 8(Q) <0 , the associated background luminance Lp is that of the ground; othervise, that of the sky
at (a()p 1O} ). The condition for the natural horizon as seen from the observer is

(12) cos O=tg wigy

The sky luminances were taken from the appropriate sky maps (Fig. 1) or from the computed ground illumine-
tions, multiplied by the ground reflectance P , which, in the executed examples was assumed to be 0.2,
while the sphere was assigned a reflectance P = 0.03, simulating a rather dark camouflage point.

FPig. 10 shows the contour contrast along the circumference of the observer's field of view on the sphere,
as a function of the azimuthal viewing angle € , for three fields of view of differing size or three ob-
server altitudes, respectively, corresponding to the angular radii W = 30; 60 and 90°. The graph for

w = 90° is again associated with a field of view covering an entire half-sphere and accordingly with a
very great distance of the observer from the object. The example assumes a principal viewing direction
( A=0 ¢$ =0 ), meaning a horizontal view of the sphere, with the sun in the back and above the observer.
Only thé absolute values of the contrast arc given., Under the assumed conditions, all contrasta are in
reality negative, due to the low reflectance of the sphere. The vertical break in the graphs is caused by
the discontinuity of the backpround luminances at the horizon due to the brightness difference between the
sky and the ground. Contrary to the conditions regarding the surface contrast, it is only incidental to the
viewing direction chosen in the example, that & small w resulcs in small contour contrasts. Also, the
symmetry of the graphs will disappear {f the observer's location is outside the sun vertical, or when A
is other than zero, respectively.

The other graph relatinp to the contour contrast, Fip, 1!, illustrates the conditions when an observer is
inagined flying over an object at great heights and viewinp it from a variety of directions ¢' within the
sun vertical, for two sizes of the field of view, Of these, the case for W = 90° can be taken ts represent

the contour contrast conditions, for example, in a typical downward-vertical wide-anple (120°) scan of a

scene consisting of many small objects, The directions ¢' from which these objects are viewed are then vary-

ing within the 30° to 150° range congidered in this graph. The plots being symmetrical, only one half is
shown.

Except for the rather gentle bend where the edge of the field of view cresses the boundary of the half
sphere directly irradiated by the sun, no abrupt discontinuity appears, as was the case in Pig. )0 . This is
30, because the natural horizon is outside the range of the field of view, and the uniformly illuminated
ground forms the only background within the scene. At w = 90°, this bend will under the assumed condition

alvays occur at O = 900. corresponding to the diameter of the vbject sphere which is at right angle to the
sun verticsl,

While the contour contrasts in FPig. 11 are hinh in comparison to the surface contrasts appearing in the
earlier illustrations, this is due only to the high ratio of the ground reflectance to sphere reflectance

assumed in this particular example. The conditions for other reflectance ratios can be easily derived uiing
the values in the table of Appendix 1.

7. Color

Only little space can here be given the discussion of the color contrast in the object that is caused by che
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three components of radiation acting on its surface. Each of these components - radiation from the sun,

radiation from the sky, and radietion impinging from the direction of the ground - has its own spectrum,

or color, respectively; and the color in each point of the model sphere is a mixture of these three colors

as determined by the percentages by which each component contributes to the total illuminance in that point.

Leaving the treatment of the rather complex case of colored ground coverings to a future special publica-

tion, a neutral grouad is here assumed, which reduces the active color components tc those due to the

sky and the sun. o ; !

The procedure of determining the color is described in detail in the previous article (1). It involves the

determination of the ratio V of the two illuminance components for every point on the sphere; the calcu-~ :
lation of the combinded spectrum of the sun and sky as a function of V ; the converasion of spectral irra- :
diances to visual illuminances; the computation of the chromaticity coordinates and of the dominant wave- :
length, which together with the purity factor determines the color impression, as a dependency of V ; and, ; -
finally, plotting lines of equal dominant wavelengths on the sphere.

The folloving graphs illustrate the principal step: of this procedure as spplied to the standard case for
a sun altitude of 53.S°. which should be fairly repr. rentative for the conditions at medium solar eleva-
tions. The spectral data for the solar and celestial a4iations used are the same ones employed in (1)
and are based on Moon's (10) and Herrmann's (11) respective publications. They are shown in Fig. 12,
vhile Pig. 13 represents the relationship between the ratio V and the dowinant wavelength with respect
to the chromaticity locus of the standard i{lluminant C of the International Commission on Illumina‘{on
(C.I1.E.) as derived in (1).

The distribution of the ratio V on the model object, calculated through ¢ (1) co €9 (6) ie plotted in
Fig. !4 showing lines of equal ratios; and Fig. 15 depicts the locations of equal dominant wavelengths
on the subject based on Pig. 13,

Of course, these equal-dominant wavelength lines follow closely the pattern of the lines of equal V
and a range of V from 0.6 to 7,62 occurs on the object under the gample conditions. cerrasponding to a
range of dominant wavelengths from about 540 to 570 nm; chat is from a blue-green to a yellow-green hue.
The cross-hatched line in the graph connects the points of minimum V or the smallest dominant waveleng:h,
respectivly, along each meridian line of the sphere. Accordingly, it rep-esents the locus of surfacs ori-
entations on an object where the color tends mos: to become bluish-green and may therefore appropriately

called its '"blue line", although, of course, the color along its length changes.

Fig. 16, finally, demonstrates how, under the same conditions, the line for V = 3, corresponding to a
dominant wavelength of about 570 nm, would shift locations on the object, if che ground reflectsnce would

change.

Even though color differences such as demonstrated in the last two illustrations are quite couspicuous

in bright - for example, snow-covercd - gcenes, the human eye cannot digcern them resdily in dark or
colored objects. Cn the other hand, many non-physiological sensors, including certain types of wavelength-
selective detectors and most commercial color films, respond strongly to such differences, which then
ranifeat themselves in apparent radiometric derivations and anomalies, or, in the case of films, 1n the

form of color caste that may, in turn, give rise to misinterpretations.

It has also a variety of scientific-metrclogical and technical immlications, how - in faer: that - a
change in ground reflectance causes not only & change in the distribution of illuminance in an object; but
as Fig.16 shows, s change of illuminance is slvays sccompanied by a change in the distribution of coler,

even though the ground itself i{s neutral gray.

8. Conclusion
In conclusion, it iy hoped that the examples cited in this paper of application of the discussed concept

of a model for the illuminance, contrast and color conditions in outdoor objects have demonstrated its
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potential utility in a number of disciplines involving visibility taske. It is intended to develop {¢
further, covering, for sxample, spectral regions outside the visibls range; the influence of colored
ground covering; and situations where the illumination conditions are modified by ths gacmetry of the
objects vicinity, such as the presence of a nearby wall.
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Map of the liminance distribution in a clear sky at solar altitude 53.5°, maasursd sc

sn elavatinn of 1870 m, in unite of IOL lm/-z.
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fig. 2 Lines of total {lluminance on the surface of a o!here, for & sun sltitude of 55°, ground
reflectance 0,2 and slevation 1870, in 1000 lw/m".
Pig. 3 Showing displacemsnt of the equel-illuminance 1lins for X0.000 l-/.z, vnen ground re-

floctance p changes. Sun sltitude 51.59, elevation 1870 m,
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Pig. 4 Location of maximun and minimum illuminsnce on a sphere, in degrees above the equator

of the sphere in the sun vertical, as a function of the ground reflectance. Sun alti-
tude 53,59, elevation 1870 m,
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" rig. 6 Lines of vieving directions, from vhich the field of viev on the sphere shows equsl surfacs
i contrast. Solsr altitude $59; ground reflectance 0.2; angle w defining radius of field
4 ; of view = 90° (entire half sphere is visible).




B7-15

T o

rig. 7 Showing displucement of lines of viewing directione in which equal surface contrast
0.7 sxhu in Sh' field of viav, as a function of ground reflectance. Solar sltitude
53.57, we= 90,

3

Pig. 8 showing bundles of viewiog directions in vhich equal surfsce contrase 0.7 exfets in
the field of view, vhan the size of the field of visv cbauges, Sun sititude 53,59,
ground reflectance 0.2,
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Conversion of Contrast Values

)

B7-A 1.1

Ce=

Emax~Emin Fmax Emax Emax Emin

EnaxsEnin log ¢ Ealn 108 golz, TraxsERTR Fmax+Enin
1.00 0.000 - - 1.00 0.00
c.93 ~0.0223 39.0 1.59) 0.975 0.0250
0,90 -0.0458 19.0 1,279 0.950 0.050¢
0.85 -0.0706 12.3 1,091 0.925 0.0750
0.80 -0.0969 9.000 0.954 0.900 0.1000
0.75 ~0.1249 7.000 0.845 0.875 0.125
0.70 -0.1549 5.667 0.753 0.850 0.150
0.65 -0.1870 4.714 0.673 0.825 0.175
0.60 ~0.2218 4.000 0.602 0.800 0.200
0.55 ~0.2596 3.444 0.537 0.775 0.225
0.50 -0.3010 3.000 9.477 0.750 0,250
0.45 ~0.3468 2,636 0,421 0.725 0.275
0.40 ~0.4979 2,333 0.368 0.700 0.300
0.35 -0.4559 2.017 0.317 0.675 0.325
0,30 -0.5228 1.857 0.269 0.650 0.350
0.25 -0.6198 1.667 0.222 0.625 0.375
0.20 ~0.6990 1.500 0,176 0.600 0.400
0.15 -0.8239 1.353 0.131 0.575 0.425
0.10 -1,000 1.222 0.0872 0.550 0.450
0.05 -1.3010 1.105 0.0435 0.525 0.475
0.00 - 1,000 0.0000 0.500 0.500

*)In the case of contour contrasts, exchange Erax —» Ly

and Enin-wip
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AIR-TO-GROUND VISIBILITY OF LIGHTS AT LOW BACKGROUND LEVELS
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Research Psychologist
Visibility Laboratory
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SUMMARY

After sunset and before sunrise the visual task of the airborne observer becomes radically different from that which he must
perform during the daylight hours. The scene is characterized by low levels of prevailing luminance, and the most common object
which he may discern on the ground is likely to be an angularly small, self-luminous, and usually man-made tight. The range at
which any such target will be seen depends upon the physical properties of the source, such as its intensity and color, the length
of time for which it is exposed to view, the transmissivity of the atmospheric path of sight, and the visual performance capabilities
of the observer. This paper describes some new data which apply to this problem, and suggests that the relationship between visi-
bility and flash duration may be somewhat more complex than has usually been assumed. The results have application to both ag-
gressive and defensive needs, and are of interes! to the signalling community in general.

INTRODUCTION

Ouring the hours of twilight and darkness the airborne visual observer must perform the critical task of detecting and inter-
preting a great variety of ground-based lights. These lights may be either steady or flashing, and color may be an important clue to
their identity and interest. Many examples come readily to mind, such as vehicle lamps, highway lights, beacons, flares, aircraft
landing aids, aids to navigation, ships’ lights, and a great variety of civil and military ground installations. They may, obviously,
be either friendly or unfriendly.

From the standpoint of the visual process these lights are almost invariably so small in their angular dimensions that they
may be treated as point. sources. This is to say that the subtended angle at the observer’s eye is below the resolution limit of his
visual system, and that the lights in question may be considered to obey the inverse-square law of illumination. In consequence of
this property the detectability of a distant light will be governed by its inherent intensity and its distance from the observer. In the
simplest case, neglecting atmospheric attenuation, the illumination reaching the eye is directly proportional to the intensity of the
source and inversely proportional to the square of the distance from source to eye. In addition to the reduction in illumination at-
trihutable to the inverse-square relationship, the energy is usually further reduced by atmospheric absorption and scattering, and by
anything which lies before the observer’s eye, such as optical instruments, aircraft windscreens or goggles.

A significant reduction in the visibility of lights may occur if the time available for observation becomes brief. If the ex-
posure time is shorter than a second or two, as is frequently the case with flashing lights or at relatively high aircraft speeds, the
required intensity for detection at a given range is higher or, conversely, the detection range for a given intensity is reduced.

The general problem of seeing brief pulses of light has been recognized and studied for many years, and approximately six
hundred existing publications attest to the continuing high interest in the phenomena associated with it. Many of these papers re-
flect attempts to quantify the relationship between flash duration and visibility, and many have explored such other stimulus param-
eters as color, pulse shape, adapting luminance, and position in the visual field. 1n spite of this seeming wealth of available data
it has become evident that very little of the published information is applicable to the practical case. This unhappy state of affairs
results primarily from the fact that many studies were restricted in their range of conditions, imposed special experimenta! con-
straints (such as artificial pupils, moriochromatic light, and uniocular viewing), or were addressed to the support of a particular
theoretical position. This is not to be taken as criticism of these studias; it serves only to point up the relative paucity of useful
data in a3 seeming plethora of available papers. Certain general features of the time-intensity relationship in human vision have,
nonetheless, been establis*: -4 beyond possible doubt. It is undisputed that the detectability of extremely short flashes, in the milli-
second and microsecond range, is determined by the product of the time and the intensity, and that this holds true rigorously for any
pulse shape and for trains of successive flashes.

At the other end of the duration continuum it is usually assumed that the detectability is independent of duration and is de-
termined by intensity alone. i so. we may now say that the time-intensity function, or the curve relating the amount of energy re-
quired for detection to the duration cf the flash, is describad by the equation 1-t = C at the shortest flash lengths and by the equa-
tion | = C for very fong pulses. On a logarithmic grid the data fall on two straight lines with slopes of minus one and zero, respec-
tively, as indicated in Figwe 1.

The form of this function n the transition zone has for many years been the subject of investigation and debate, but there
has rarely been argument about the limiting asymptote at the shorter durations and the approach to | = C has the sort of common-
sense appeal that the vast majority of investigators have found irresistible. {One notable exception is seer in the quantum theory,
which predicts that 1t * = C at long durstions, giving 3 limiting slope of minus one half.) By far the most familiur formutation of the
time-intensity function 1s that of Blonde! and Rey (1.2), who believed that the transition must be gradual and who found their data to
be reasonably well fit by an equation of the form:
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where | is the effective intensity and a is a constant which varies considerably with experimental conditions but is often taken
to be about 0.2 second. The Blondel-Rey equation as given in (1) is strictly applicable only to square-wave pulses, and they subse-

quently gave an integral form to handle any pulse shape:
t’l dt
t
(2)
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The Blondel-Rey formula, then, describes the time-intensity function as a curve with the shape shown in Figure 2, which has been
drawn with a = 0.2 second in accordance with the recommendation of the Commission Internationale de I'Eclairage for the thresh-
old case.

Logl |-
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i L 1 1 I J
logt

Figure 1. The assumed limiting slopes of the time-intensity function. At very short
exposures detectability is determined by the product of time and intensity,
while at very long ones further time does not result in a lower tireshold.
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In the years following the work of Blondel and Rey @ number of studies have bean performed-which i
modify their formula, 1o extend the experimental conditions to include colored stimuli, Iarzeer sources andsr::ng{‘s'c:arco-u:a.x ;I;:
forms, and to apply their concept in the evaluation of the effective intensity of flashing lights of many kinds under threshold as well
a suprathreshold conditions.  As better and better experimental techniques became available the data became ever more extensive
and precise, and during the last decade or Su a number of experiments have been reported which allow us to make a critical assess-
ment of the time-intensity relationship.

By no means do the results of these investigations agree in confirming the adequacy of the Blondel-Rey formulation to da-
scribe the «ime-intensity relationship. A recent survey by Kishto (3) of 22 papers published between 1887 and 1969 clearly shows
that the transition zone may be either sharp or gradual, and that the value of a is found to range from less than 0.1 to about 0.6.
These wide differences are ascribed to variations in experimental method, the relative goodness of fixation, and to the methods
of statistical treatment of the data. In 1970 the United States Coast Guard, in an attampt to reconcile some of these differences
and to develop an optimum method for the evaluation and specification of navigationa! aids lights, sponsored o meeting at the
Visibility Laboratory of the Univarsity of California at San Diego. This meeting, which lasted for five weeks, was attended by
Mr. Charles A. Douglas of the U. S. Bureau of Standards, Dr. Hans Joachim Schmidt-Clausen then of Philips Research Laboratories,
Dr. Bhoopendranath Kishto then of the Road Research Laboratory of the U K (now, unfortunately, deceased) and the author. Although
the deliberations of this meeting did not result in the hoped-for concordance of opinions and did not produce the desired elegant
system or the evaluation of lights, it was generally agreed that the major points of difference might be resolved by a series of
experiments addressed specifically to a more adequate definition of the time-intensity function. In consequence of this need, a
series of experiments have been performed at our Laboratory which shed new light on this old problem, and which, we believa, show
that the time-intensity relationship is by no means as simple as we once thought. In this paper | will report upon some of our re-
sults and discuss their application to the visibility of lights from the air.

EXPERIMENTAL DESIGN

The transition region of the duration function has, as we have indicated, attracted the interest of many experimenters. The
debate over whether the curve is sharp or gradual has been vigorous and extensive, and there are data in the literature which may
be shown to support either argument. Only fairly recently, however, has the assumption of the limiting asymptote at long expo-
sure times been called into question. Adherents to the quantum theory of vision predict that tiie limiting slope must be minus one-
half, as shown in Figure 3, although it seems most unlikely that the downward trend of the curve could continue indefinitely.
A detailed treatment of the quantum hypothesis as applied to flashing lights may be found in Bouman (4). Quite aside from this,
there is now a growiag body of evidence from experimental studies which, in my view, compels us to cdoubt either the | = C or the
Square-root asymplotg.

tog !

Figure 3. The form of 1he duration function &s predicted by tive Quanty n hypothesis.
{C!. Bouman)

With very few exceptions the assumption that | = C at long durations has pervaded the literature. Indeed, in many instances
we find that experimenters have simply stopped their studies as soon as a pair of points were found with about the same threshold
intensity. In at least nne widely quoted study the data were "sswothed’’ in order to make them conform to the | = C notion, even
though this required that considerable vioience be done to the obtained values of threshoid. There are other reasons, however, why
the true form of the duration function might be obscured, quite aside from any theoretical bies. First, if there were an insufficient
number of different flash durations tested, there is danger that any fine structure which the curve may have will not be detected.
Second. i only one or two observers are involved, as is frequently the case, there is a danger that idiosyncratic effects may infly-
ence the apparent shape of the function. Third, if the dats from a number of observers rhowing the same function but with difforent
threshold values are averaged. there 15 a high likalthood that the sverage curve will show 2 smooth transition  Fourth.. f the

*

0,



p—-— - T w¥$€r - T -

BR<4

experimental method 15 less than optimal and the number of obser.tions is smali, it is possible that the data witl be so noisy as to
obscure the fine structure of the function and preciude any meaningful analysis of the data.

Some clerification of the problem is provided by a study by Clark and Blackwell in 1959 (5). who studied the duration func-
tion with an improved psychophysical method, used seven observers, and covered the range from less chan & millisecond to one sec-
ond using as many as 22 different durations. Their data clearly showed that the function was doubly inflected, as suggested in
figure 4, and that the lower limiting asymptote had not been reached even at their longest exposure times.

Logl }=

Logt

Figuwre 4. The general shapc of the duration function as reported by Clark and Blackwell
tRa? 3, for circular targets subtending 18.2 nunutes of arc agarnst a background
of zero luminance.

The expariments of Clark and Blackwell were conducted using background :uminances of zero and 34 nits (0 and 10 ft-L} in
order that any differences in the duration furction due 10 the change from scotopic to photopic vision might be demonstrated. While
these cases are of considerable theoretical interest, they do not represent the intermediate range of adaptation conditions which are
frequently found in the real world. The experiments tc be described here apply to the case of a mescpic adaptation level that was
shown by a number of photometric surveys o be quite typical of certain twilight and nighttime conditions in the field. Until now we
have completed work on only one value of background luminance, 0.003 nit (0.0008 ft-L). This is the luminance, for example, of the
sea surface when the sun is about ten dagrees below the horizon, or the land surface when the contribution of iliumination from sky
and moon, together with certain reflectance properties of the terrain, combine to produce such a fevel. Finally, at this adaptation
level, the eye is approximately equally sensitive from the fovea to the near periphery.

Our stimuli were physiological point sources; they subtended an angle of one arc minute at the viewing distance of 3.1
meters {122 in.}. Three colors weare used: white, red, and green. The trichromatic coordinates of the targets are indicated in Figure
6. They are representative of the colors used by the international signalling community, and are tharelore believed 10 be among the
cases most likely to be encountered in the fieid.
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Using five young observers with good visual acuity, we medsured the detectability of these point souices as a function of
the flash length, using the psychophysical method of temporal forced choice. The observers were required to guess which one of
four suraily marked time intervals contained the flash on each trial. This method has a number of advantages. but the one which is
paramount for practical problems is that the obtained probabilities of detection (which ara. from staiistical sampling considerations,
usually taken at P = 0.50) may be easily converted to any other desired probabilities by a simple mathematical operation. |n order
to achieve a satisfactory degree of pracision in the data it is necessary, however, to make many observations. In our study each
single point on an individual observer's curve has been determined by 500 separate observations. The data to be shown arg based
upon approximately 72 500 trials, and were recorded only after about 9000 training trials had been completed. In atl cases the pulse
shape was square, although the study will eventually embrace those shepes which are characteristic of switched lamps, rotating
beacons, and multiflick discherge tubes. It is also planned to study additional background luminance levels.

EXPERIMENTAL RESULTS

Since the data of these experiments are quite extensive, | will present only enough examples to show the general naturo of
our results. Complete data will be furnished on request to the Visibility Laboratory, as will the results of subsequent studies.

It is appropriate to discuss the white light results first, since the greatest number of lights which ars fikely to be encoun.
tered are polychromatic in nature and very likely to exhibit the continuous spectral energy distribution which is cheracteristic cf
tungsten tamps. The white light stinwli we used were adjus.ed to match a color temperature of 2854°K, or CIE Standard Nluminant A.
There is n0 a priori reason to believa that the data would differ in any significant manner had we chosen a higher or lower color
temperature. In all cases the plotted values refer to the 0.50 level of detoction probability, and the duration functions show the ob-
tained values 2f targst luminance (nits, or candelas per square meter) for the range of flash lengths from 0.001 to 2.33 seconds.
Target luminance refers to the added flux which must be superimposed on the 0.003 nit constant background, and i< therefore desig-
nated AL inthe graphs. The straight lines of minus one slope represent the case of perfect temporal summation, when the product
of intensity and time is constant. Figure 6 shows the white light data for two observers. Although no attempt has been made to fit
a smooth empirical function to the points, it can be seen that the curve shapec ace probably simila- to the Clark an~ S'ackewell form
and cannot be fairly represented by either the Blonde!-Rey or the quantum functions mentioned earlier.

| . =0 - | —

N

Threshold AL [osis) tor P+ 08D
PR W
Torothold AL (0i0s) for ¢ = 0%

t L] b | u 1.0 1 i ] |1} 1] .
flash Darglies (mpse; Flaib Bersties imsec:

Figure 6. Expenirental duta from two observers 1a the white hight expeciment  The strarght hine represents Bloch's Law reciprocity

The red light stimuli yielded data which are typified by the two curves shown in Figure 7. 1t was thought that, on account of
the extremely high spactral purity and long wavelength of this stimulus, it might be found that the shape of the duration function
might give a cleares basis for support of either the Blondel-Rey or the quantum formulations. Obvicusly there again appears to be an
inflection in the function, indicating ihat we are dealing with a comnplex curve.

Finally, the green hight data. shown in Figure 8, also suggest thal the duration function is doubly inflected. In none of the
data so far collected have we yet approached the lower limiting asymptote where 1 = C, although future work with longer pulss
lengths will probably indicate this limit. (The units on the ordinates of the red and green curves are irationai; they are merely the
result of integrating the transmissions of the fiiters ysed with the photopic sensitivity curve of the eye and the spectrsl energy
distribution of the source.)

96



- - — ey - S L)) I ey L
.
1
!

Trreshaid AL Joets) tor P

| L} w 180 10.040 1 1" 190 e 0.
Flask Corguies 1mieg! Hptd dotdlive Guiti

Figure 7. Experimental data from tw¢ sbservers using red light

" e e " r

Thrpahald 80 qants! et P - BN
Torethold AL faits) toe P o 2158

1 " e (1] ] 10,004 t 10 100 1400 10.000
Flaid buraliea [mseci flasy Beratio jmuec|

figse 8 Experimental dala Irom lwg observers usiag green Light

APPLICATIONS OF THE DATA

In the context of this meeting the laboratory results which have been shown have direct application 1o the problem of air-to-
around detection of angularly small sources whose effective viewing times may he miite short, either because they are inherently of
brief duration or because the dynamics of the flight path intermittent obscuration of the lights, or other factors allow only brief
glimpses of such lights. Perhaps equally important is he finding that the use of the Blondel-Rey equation can lead to efrors of
estimate — the man on the ground may be less secwre from aerial surveillince than he thought, while the airborne observer enjoys 3
concomitant advantage. In a friendly situation, it is possible that a certain anyun. of power conservation could be 8chieved if that
were dosirable or necessary, as it frequ-atly 1s in seronaytical and maritime signalling in remote sreas.

Bafore these new daia ¢sn be incorparated into visibifity nomograms oc other utilitarian forms. however, it is necessary to
perform at least two uperations. The first of these is the conversion fron: the 0.50 leval of detection probability 1o some field-
realistic level such as 0.90. 0.y5. 0.99, or wi.atever may be judged appropriate for the situation. This is possible owing to the fact
that the seeing fraquency data collected by the method of temporal forced choice exhibit a remartable cons'ancy in the relation be-
tween the value of threshold AL at P = 0.50 and the o of the normal probabitity integral which is fitted to the obtained data points
for each ohserving session. The ratio o/M {where M is the Jbtainec ihreshold) we have called V, the coefficiont of variation. The
method for converting probabilities has been outlined by Blackwell and McCraady (6}, and we may use their method for this purpose.
Our avarage valua for /M was found to be 0.510 for red. 0.519 for white, 0.527 for green, and 0.519 for all three colors, based on
more than 300 individua! frequency-of-seeing egives. In the general case, then, the desired probabilities are ohtained by use of the
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following factors, Z, which arc to ba use: as direct multipliers on the threshotds shown for the P - 0.50 laboratory case:

4 z
% 1.67
.95 1.86
.99 221

Values of Z for any desired probability can easily be computed. In very general terms, it can be seen that doubling the obtained
laboratory values which have been shown will result in a detection probebility between 95 and 99 percent.

The atmosphere which intervenes betwenn the airborne cbserver and the ground-based light will always act to attenuate the
strength of the signal reaching his eye. In the case of point soutcas, therefore, we must account not only for the toss due to dis-
tance, byt also for the transmissivity of the atmosptiare.  In the case under consideration here, where the background lumirance 1s
very small relative to the targst luminances, it is possible to apply Allard’'s law directly. Allard's law, which was enuncisted
almost 3 century ago {7}, gives the relationship between the sighting range of a luminous signal and the effects of distance and
transmissivity: Ej = 1TY/V2, where € is the threshold illumination at the eye, | the intensity of the soutce, Tv the trans-
missivity over the path of sight V. Some approximate transmissivities are shown in Table I. The consequenzes of Allard's law are
shown graphically in Figure 9. Further attenuation of the optical signal will occur 0::ing to the presence of an aircraft windscreen
protective glasses, ¢+ any intervening optical aids.  Unlike the atmospheric losses, which may change dramatically as the path of
sight changes in angle and weather conditions vary, these tend to bu invariant and may be measured or predicted with fair
confidence.

. . Metsorological
X - Transmissivity R
Visibility Description . Optical Renge <
{Y per mite} ] b4
{miles) N
F
2 H
Exceptionally ctear > 0.90 30+ T
Very clear 90 30 .;.
Clear 74 10 2.
Light haze S5 5 é
Haze .22 2 E] :
Thin fog 05 1 ‘;
Light 1o 0025 172 ‘5'
Moderate fog 1078 2 14 §
Thick fog 10710 4 /8 g
g
Dense fog 19720 8 116 3
Very dense fog 10760 100 f1. H
- - z
Exceptionally dense fog 107137 50 ft. -

“STA M
Tapie 1. Transmuissnalins and meteosnlogical optical ranges Draranct

far vanpus v.sibility descaplions
Figure 9. Allard s law for several values of transmissivity.

One of the best ways in which the data may be used in predicting the visibility of Vights is by constructing nomograms such
as those prepared during World War 11, and descrided by Middleton (B). These charts allow rapid estimation of sighting range for a
wide gamut of sowce intensities, background luminances and atmospharic transmissivities, but apply only to steady burning lights
sean without linuts being put on observing time. Al the Visibility Laboratory we are hoping to prepare new nomograms which will
engble the prediction of sighting range for the case of briet flashes and restricted viewing times.
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Photometric errors mean that figures on the crdinates of Figures 6, 7 and & must be multiplied by 0.327.

DLSCUSSION

Mr Ericson (US)

Would you comment on any individual differences you noted? Also, would you discuss the differences
between ysing a cumulative probability-of~gseeing curve versuvs atarting with the 50 per cent threshold and
multiplying it by appropriate factors?

Dr Taylor (US)

The individual differences are not easy to describe at this moment, that is, our data are not suffi-
cient end not complete, By adjusting for absclute threshold in the range you kncw, that ie 3loch's Law
area, you can slide the data together on the ordinate go that they seem to fit. But even now, we are down
from 6 to 5 test subjects, and complete data for 6 would hardly be adequate,

As regards using probatility integrals rather than operating directly on the observed frequencies-—
of-seeing, you have a good point, Yo could, for example, have a vange of 5 stimuli so that one was 8o
dim it was never seen and at the other extreme one 80 brignt it was always seen, &nd draw & best fitting
zurve on the date in between, We tried all sorts of curves; special N Poissons, logarithmic cumulative
Gauss, lincar normal integrals, et:, and, overwhelmingly, standard normal Gaussian integrals are the
best fit, That could cheer the physiologists a little!

Conventionally, one works at the point of inflexion of the curve, where the best estimate is, If
I went up to the 95% point a iittle error on one £xis would lead to a huge uncertainty on the other, 1f
you believe in cause and effect, this is all then simply mathematical, you do not have to go to indivi-
dual cutves, and the best fit is an iterative process, derived from probit analysis. That is the reason
for operating on Z-curves rather than on individual curves.
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AIR-TO-GROUND TARGET ACQUISITION WITH FLARE ILLUMINATION®*

ROBERT L. HILGENDORF
MAJOR, UNITED STATES AIR FORCE
FLIGHT ENVIRONMENTS BRANCH
HUMAN ENGINEERING DIVTISION
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433

SUMMARY

Despite the advent of many exotic sensors for detecting targets at night, a aignificant portion of
airborne tactical .activity is carried out via direct vision, usually involving some type of artificiul
{llumination, with air-dropped parachute flares, The ugse of flares congstitutes one of the most difficult
visual requirements for alrcraft crew members attempting to detect targets at night. Efforts by the
Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base, Ohio, have involved simularing
various illuminatrion sources, and requiring subjects to detect scaled-down targets under different terrain
and illum{nation conditions.

This paper 18 concerned with the results from three recent experimenta. Experiment [ dealt with the
effect of shielding a 25,000,900-lumen flare source and determining the optimal number of flares to be
used for a given target area. No statistically significant effect was found due to flare shielding. For
the given target area simulatec, it appeared that there was no additional benefit derived from igniting
more than two flares over a simulated area of gbout 1.5 kilometers by 5 kilometers. Experiment II dealt
wvith shielding of a 60,000,000-lumen source, snd again, no statiitically significant effect was found due
to the flare shielding. Experiment III dealt with the "visual scuity" under simulated flare light. 1In
this cxperiment, each of eight groups of five gubjects performed at a different simulated observer altitude
ranging in 152-meter increments from 152 to 1,219 meters. For the slant ranges simulated (1,029 to 1,587
meters;, 610 meters was the best altitude for visual performance. Like the other findings, thia coula
have significant impact on tactical planning for night missions. The parsmeters of this study have now
been "blown-up" tc real-world size and the Aerospace Medical Research Laboratory, 11 conjunction with the
Alr Force Armament Laboratory, 1s conducting flight tests to validate the altitude date of the experiwental
simulsticas.

INTRODUCTION

One of the most difficult visual requirements for aircraft crew members involves detecting targets at
night. Despite the advent of numercus exotic sensing devices, the majority of night-time aerfal activity
is carried on under air-dropped, parachute illumination flares. Specific problems encountered by crew
members utilizing flare illumination include: vestricted fields of view, visual discrimination at low
levels of illuminaticn, difficulty in tracking, terrain avoidance, viaTal whiteout, flare flicker and
oscillation, contrast reversal, loss of depth perception, and vertigo. It has also been reported that
during low level flight at night, the large and frequent changes in adaption impair visual performance.

There is very little_literature relevant to tlds general problem of vision under flare light.
Laboratory investigations~ into aspects of visual alr reconnaissance have been cnnducted and mathematical
relationships for predicting perfcrmance in actual operations have been suggested. However, it has been
pointed out that applications of these predictive methods to practical detection problems cag lead to
“great complexities".‘ An example of these 'complexities" 4is given by Blunt and Schmelline. Based upon
hypothetical diffuse target-reflectance, inherent contrast, target avea, range, and atmospl.eric effects,
it was calculated that a flare of 1,445,000,000 lumens would be required tc produce euough illuminance to
be able to detect an armored tank located on dry sand at a range of 2,743 meters. (The most commonly used
flare in the present inventory, the Naval Mark 24, produces 25,000,000 lumens). Blunt and Schmelling
further point out these requirements may be increased by as much &y five times when combat factors are
congldered (i.e., psychological stress, etc).

Therefore, it 1s not surprising that visual problems are encountered during night, air-to-ground tasks
and that this is a difficult problem for research. Using laboratorv-established relationships in their
present form does not always ezd in reascnable recommendations for the field and attempts have been made
at both laboratory simulations® and field studies.7 Hamilton6 attempted to determine night visibility
dictances for military targets using a scale-model simulator. Viewing patha were ground-to-ground rather
than air-to-ground. It was found that visibility was poorest when targets were placed against foliated
backgrounds and when the durations of illumination were short. 1In Weasner's’:.-field study, ground targets
were placed in a 2.6 square-meter ares and six aerial observers flew at cltitudes ranging from 742 to
1,676 meters with ranges from ground zero of 1,000 to 6,000 meters. Thirty-three flares, varying in
intensity and burn-time were dropped singly. Fifteen percent of the stationary targets and five per cent
of the moving targets were detected while only one percent of both types of targets were identified.

Iritial simulations by the Aerospace Medical Research Laboratory used three different groups of
subjects performing target acquisition (detection and recognition) tasks under simulated Mark 24 flare
light, simulated Briteye flare light (a recently developed flare which produces 60,000,000 lumens), and
sioulated sunlight.¥» Generally, target acquisivion took significantly longer under four simulated

* The regearch reported in this paper was conducted by personnel of the Aerospace Medical Research
Laboratory, Aerospace Medical Division, Alr Force Systems Command, Wright-Patterson Atr Force Rase,
Onio. This paper has been identified by the Aerospace Medical Research Laboratory as AMRL-TR-71-114.
Further reproduction is authorized to satisfy the reeds of the U. 5. Government.
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Mark 24 flares diropped a simulated distance of 0.4 kilometer apart and ignited at a simulated altitude of
610 meters. This compared with significantly shorter times under the simulated Briteyes deployed similarly
anad Bt*ll shorter times under simulated sunlight (sf{mulating thome ligiit conditions characteristic of a
‘'partly cloudy” day). However, with the simulated Briteyes, there appeared to be a much more pronounced
di.ect glare problem which was apparently associsted with the more intense flare source. In an effort to
alleviate this gotential problem, efforts have been made to develop shielding techniques for fliare

sources.‘o'll'1

The eavrly simylaticns fuvclved attempts at sculed-down reproductions of real-world characteristics
without regard to the scientific investigacion of the visual system in terms of such concepts as visual
acuity., Whether visusl acuity is generally defined as the capacity of the ey. to resolve detail, or
specificatly defined as the ability to discriminate black and white detail at various distances, thers are
many prohlems associated with taking purely clinical or laboratour: wvisual avuity measurements and applying
them to the tield. For example, direct appllcation of the nurmally accepted methods of measuring visual
acuity to the field is difficult in a visual search task from an gitcraft because: the eye, the platform,
and the tavget are not static; the scene involves color; ard the illumiratiun level can be measured only
generally. On the other hand, in varying the facters ircluded ({.e., illumination, etc.), the researcher
can be accused of not really measuring “visual acuity" at all, or of using a concept that was not intended
to serve a6 a criterion bridge between laboratory and field, but vather as a precise clinical tool for
determining the visual capacities of individual subjects and patients.

Yet the gap between laboratory simulavion and {n-flight validation must be bridged. Utilizing high
fidelity terrain models can be successful. However, there 1s great difficulty in duplicating and
contrclling features similar to the terrain model in the real-werld validation. The apparent alternative
is tu take accepted acuity measures and “modify" them for laboratory simulation and eventually "blow them
up" for in-flight velidatium,

This paper is concerned with the results from three recent simulation experiments. Experiment 113 was
an attempt to Jetermine the behavioral effect due to flave shielding utilizing a 1:1,000 scale terrain model
and si{mulated shielded and unshilelded flare sources. In adaition, there was a concern with optimal number of
flares to be used for & given target area for both shielded and unshielded Mark 24 flares. Twelve groups of
subjects were used. Each group searched the terrain model under fror one to six simulated flares in either
the shielded or unshielded configuration. While the illuminance from a shielded flare is greater at the
center of an illucsination patcern, the illuminance from an unshielded flare 1s greater at 40 degrees from
the center and beyond. Therefore, strictly from a visual performance point ot view, it was necessary to
determine what eifect these different patterns of iilumination could have on target acquisition.

Eenorizent I1 was also concerned with flare shielding. However, in this experfment °imulated
60,000,000-1lumen flares were used. This seemed to be a reasonable follow-on effort since an earlier study
had indicated that the direct-glare problem may only be associated with the more intense flare and, also,
a8 60,000,000~lunen flare which burns for 5 minutes is now being introduced for limited ume, Tn thia
enperiment, two groups of 15 subjects each searched the terrain model under two simulated flares in either
the shielded or unshielded configuration.

9

Experinent IIII“ was concerned with the optimal observer altitude for performing visually urder Mark
24 flare light, (An earlier study established 610 merers as the optimal altitude for tlare ignition.)
Another concern involves the type of measurement of visual performance. Required is a measure whizh is
usable in the laboratory, yet expa .dable to real-world validation. Each of eizht groups of five subjects
performed at a different simulated observer altitude under simulated flare light. The simulated altitudes
ranged in 152-meter increments from 152 to 1,219 meters. Landolt rings and acuity 3ratings were used as
targets, In addition, four dgifferent brightness contrasts were used.

METHOD

Subjects

The subjects were male college students with normal color vision and 20/20 acuity or better. Color
vision was tested by the Dvorine Psuedo-Isochromatic Plates. Visual acufty was tested by a Rausch and Lomb
Master Ortho-Rater. Sixty, thirty, and forty subjects were used in Experiwents I, II and III, respectively.

Apparatus

The main feature of the apparatus was the simylation of the flare source, The Naval Mark 24 ig a
commonly-used parachute flare and 1t produces 25,000,000 lumegs for three minutes. Simulation of this
flare is accomplished by use of & standard No. 47 pilot lamp. Operating this lamp at appropriate voltage
reasonably simulaten a Mark 24 on & scele of 1:1,000. Operating a standard No. 45 pilot lamp at appropriate
voltage reasonably simulates the 60,000,000-lumen flare. For experiments I and II the simulated anields
consfsted of modifled flashlight reflectors coated with opaque white paint.

The flare simulator (Figure 1) is couposed of gix mechanically-driven and electronically-controlled
No. 47 pilot lamps mounted on a framework suspended from the ceiling of a laboratory dark room. Each
simulated fiare can be manually positioned within the length and width of rhe framework. The descent of
each flare !8 controlled by a 28 Volt DC motor. The voltage to each motor 18 a ramp function to simulate
the constant'y decreasing velocity in the desceat of a parachute flare due to its mass loss and heat
generation while bucning. All six of the flares were used in Experiment I, two were used in Experiment 11,
and one in E<periment III.

The terrain model (Figure 2), used as the background over which the subjects searched for targete in
Experimentsa 1 and II, 1s on a scale of 1:1,000 and presents a realistic portrayal of actual terrain, It
reasuree 1.5 meters by 5.5 meters, which represents a terrain of about 5.5 kilometeras long by 1.5 kilometers
wide, The model simulates the color and reflectance properties of the real world within the visible portion
of the electromagietic spectrum and contained among others, the following features which were ueed as
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FIGURE 1 - FLARE SIMULATOR IN OPERAIION

targets for Fxperiment I: road, river, village, paddv area, bridge, parked truck, moving truck, moored
sampan, and antl-gircraft site. Three parked trucks, three villages, and the moving sampan were used as
targets 1in Experiment IT.

In order to"fly" the subject by the terrain model in Experiments ' and Il, he was placed in an
optometrist’'s chair and required to keep the back of his head against the head pads. Through the use of
the chair's elevation feature, the eyes of each subject were maintained at 61 centimeters above the terrain
model to corveapond to a simulated altitude of about 656 meters. The chair was placed on a motorized
trolley which propelled the subjecl along the model at a simulated epeed of about 215 kilometers per hour.
The non-dozinant eye of each subject was covered by an eye patch since, at the actual ranges which were
simulated, there would be no steresscopic disrance/depth cues.

In Expariment II1, the targets used were Landolt rings and aculty gratinga.16'17'18 The Landolt ring
measures minimum separable acuity or gap resolution and involves the tasks of resolution and recogniricn.
During testing, thc ring was rotated so that the gap was in one of four poaitions: up, down, right, or left,
The acuity grating alsc measures minimum separable acuity and involves thetask of resolution. It consists
of three parallel bars with the distance between the bars equal to the thiciness of a bar. The length of
the bars is equal to the width of the entire configuration. During testing, the aculty grating was located
in efther a "horizontal" or "vertical" position.

Both the gap in the Landolt ring and the gap between the parallel bars of the acuity grating were
equal to .19 centimeter. Although the use of larger targets was attempted, it was fcund that tois siza
(.19 centimeter) provided the necessary discriminations ameng conditions for the viewing distances in this
study. The targets were silkscreened with a co-polymer viscoue solution onto four gray-scale shades of
Kimberly-Stevens Kacel paper, Type 100 (.9 gram/square meter). This paper is a laminated material having
an inner net or scrim of non-woven threads with surfacing material bonded to both sides. The backgrounds
were mounted on one square foot artboard for ease of handling. Table 1 shows the brightness of the fuur
backgrounds and the resulting brightness contrasts. These measurements were obtained with a Spectra-
Brightness Spotmeter Model "SB" under indoor ambient light conditions. The brightness contrast percentages
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FIGURE 2 - TWO VIEWS CF TERRAIN MODEL USED IN EXPERIMENTS I AND II
were compvted by the following formula:18

Per Cent Contrast o Bb - fi X 100

B

Where: Bb = Brightness of the Background

And Bt ~ Brightness of the Target

The slight differences in the target brightnees ¢rom backuround ro background were due to tlie required

additions of the co-polymer because of changes in viscosity of Lue solution necessary to completely tcver
the various shades. The negative percentage of brightness contrast in Table 1 merely shows rhat the one
target was brighter than the background.
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TABLE 1

LUMINANCE IN CANDELA/SQUARE METER (cd/m?) AND CONTRAST
PERCENTAGES FUR BACKGROUNDS AND TARGETS FOR FXPERIMENT III

BACKGRGUND BRIGHTNESS (cd[mzl TARGET BRICHTNESS (cd/m%) BRIGHTNESS CONTRAST PERCENTAGE
115 30 14
o7 24 64
30 26 20
9 26 -200

Each subjec® wse placed in the motoriced optometrist's chair and was required to keep tha back of his
head agalnat the n:ad pads. Through the use of the chair's elevation feature, the eyes of cach eubject
were malntained at 15.2%, 30.39, 45.75, 61.00, 76.25, 91.50, 107.75, or 122.00 centimetere above the
target surface to corvewpand to the simulated altitudes of about 152 through 1,219 weters. Table 2 showe
the v.'sual anglew, actun! and eimulated altitudes and slant ranges for the eight conditions. The visusl
angles were comruted using =he following formula:

Visual angle = 2 arctan %D

Wheve: L = Sfze of the target gap or separation.
A~d 1 = Diatance from the observer's eye to the targert.

Again, the. non-dceminant sye of each subject was covered with an eye patch since, at the actual altitudes
which were simuluted rhere would be no stereoscopic distanca/depth cues. The study was also conducted in
8 luboratory duvkrooc.

The visual a gles axpreseed in Table 2 assume that the targets were perpendicular to tha observer's
eye. However, the targete veru actually perpendicular to the flare source. The incident angle for tha
obaervere' syes varied frum 9°4' for simulated 1,219 meter altitude to 8196' for the simulated 152-meter
altitude.

TABLE 2

VISUAL ANGLES AND SIMULATED AND ACTUAL DISTANCES
BY EXPERIMENTAL CONDITIONS FOR EXPERIMENT III

VISUAL SIM.JLATED ACTUAL SIMULATED ACTUAL
CONDITION ANGLE ALTITUDE ALTITUDE SLANT RANGES SLANT RANGES
(Min & Sec) (Metere) (Centimeters) (Maters) (Centimetery:
1 6'25" 152 15.25 1,027 103
2 6'12" 305 30.50 1,061 106
3 5'5%" 457 45.75 1,114 112
4 5'31" 610 61,00 1,185 118
3 5'10" 762 76,25 1,270 127
6 4's0" 914 91,40 1,367 137
7 4'30" 1,067 106,75 1,473 147
9 4'8" 1,219 122.00 1,587 158

Frocedure

The subjects were divided into 12 groups of 5 subjects each in Experiment I. Table J summarizes
the condit.ons for tach group of subjects.

TABLE 3

SUBJECT GROUP CONDITIONS POR EXPERIMENT 1

IGNITION
SUbsZ6T  NUMBER INTERVAL DISTANCE BETWEEN FLARES
CROUP oY FLARPS SECONDS MODE ACTUAL (CENTIMETER) SIMULATED (METERS)
1 1 N/A Shielded N/A N/A
2 1 N/A Unehielded N/A N/A
) 2 20 Shielded 183 1,829
4 2 20 Unshielded 183 1,829
5 3 15 Shieclded 137 1,372
[ 3 15 Unshielded 137 1.372
7 4 12.5 Shielded 109 1,097
8 4 12.5 Unshielded 109 1,097
9 S 10 Shielded 91 94
10 S 10 Unshielded 91 915
11 6 S Shielded 79 792
12 6 5 linshielded 79 792

After initial screening and preliminary explanations, each subject was trained *o {dentity the ten
tsrgets listed earlier. This was sccomplished by cepeatedly poiuting the targers vut on & smaller terrain
model located {n the subjejts’ preparatory room.
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Fur censistency, during the experifmental rune, the moving truck and sampan were always started frow
their respective starting pointss The simulsted flares were ignited at the different intervals, indicated
in Table 3, to simulate a flare aircraft flying a track par:llel to the simulated flight of the subject.
Due to the high learning rate associated with the targets vu the terrain wodel, eich subject wan usnd for
only cne experimental run.

Three types of data were recorded for each subject: total number of valid targets found; errors (i.e.,
{dent{fying a truck when none was in the utrea); and time elapsed from ignition of the first flare to a
subjuct's verbal vesponse that he had detected, ldentified and located a target. roncerning this last
variable, for any of the ten targets not detected during : run, the subject was given a response time mcore
of 180 seconds since this was tlie shortest elapsed time for any of the flave conditions.

The procedure for Experiment TI was similar to that tor Experiment 1, except two groups of 15 subjecta
cach were eeiablished to corrcspond to the shielded and unshielded conditions. In addition, only two flares,
placed 183 centimeters apart, were used. Concerning response times, for any of the seven targets not
detected durirg a run, the subject waa given a response time score of 300 seconls since this was the
clapoed time for the 60,000,000-lumen flate.

In Experiment I1I, 40 subjects were umed. The subjects were divided into eight groups with five
suybjects in eech group. Each group was exposed to one obaerver altitude condition. In addition, all
groups were exposed to the two Lypes of targets (Landolt rings and aculty gratings) and the four brightness
contrast conditions (Table 1).

After preliminary explanations s#nd a trial run, each subject proceeded with the task of determining
the position of the gap in the case of the Landolt 1ing or determining the orientation of the acuity
grating. The order of presentation for the target and brightness contrast combinations was randou.

Between sesaions, the subject wore opaque goggles to promote dark adaptation and also to preveut aeeing
target placements. The data recorded for analysis .ousisted of the time elapsed from ignition of the

flare to a subject's correct verbal response concerning the gap of the Landoll ving or orientation of the
acuity grating. If a subject was unable to determine the orientation of a target, he was given a response-
time score of 180 seconds, since that was the duration of the burn time of the single slmulated flare.

Design

In Fxperiment I, for number of targets and vrrors, the experimental design was a 2 x 6 €actorial.
The first factor refers to shielded versus unshiclded modes (two levels) and the second factor refecs to
nunber of flares (six levels). For the vesponse-time scores, the desizn was a 2 x 6 x 10 factorial with
repeated measures on the last tactor which refers to turgets (ten levels).

In Fxperimanr 1T, for nrumber of targets and errors, the atatistical design was a t-teat witn 15
subjects in each of Lhe Lwo groups (shielded flares and unshiclded flares). For the responsc time scores,
the design was a 2 x 7 factorial with repeated measures on the second factor which refers to targets
(seven levels).

In Experiment I1I, the expevimental design was an 8 x 2 x 4 factorial with repeated meagures ou the
last two factors. The first factor refers to observer altitude (eight levels), the second factor refers
te type of target (Landolt ring or acuity grating), and the tnird factor refers to brightness contrast
(four levels),

RESULTS

Experizent 1

The descriptive results consisting of overall means for the effects due ro shielding Murk Z4s are
symmarized in Table &.

TABLE 4
OVERALL MEAN> FOR SHIELDING VERSUS NON-SHIELDING MARK 24s
SHICLDED FLARES UNSHIELDED FLARES
Targets Found .93 7.13
Error .77 .80
Responae Time (Seccnds) 97.62 97.65

In zerms of overall grund meaus for the entire experiment, the average subject acquired about 7
(7.03) targets, took about 98 (97.64) seconds to find an average target, and committed about .8 (.83)
error during an average run. The mean response-time score 18 very close to the overall mean (91.4
seconds) for Mark 24 fiare light obtained from a'. earlier study® involving much more austere methods.
None of the three variables revealed any statisiically significant affects due o the flare shielding
versus the non-shielding. Further, for the data ceonsisting of number of targets acquired, there were no
statistically significant effects at all. For the response time data, Table 5 reveals a statistically
significant nain effect due to type of target aund also a significant interaction between type of target
and nuwber of flares used. Tlese results necessitated the search for the siople main effects of number
of flares for each type of target and this analysis is summarized in Table 6, which reveals that only
the village, the moving sampan, and the parked truck contributed statfstically significant main effects.
For this reason, these tnree types were the only targets used in Experiment 1l. The zero mean square for
the anti-aircraft site 1s attributed to the fact that it was not detected by any of the subjects in any
group. The Newman Keuls tosts for differences on all ordered means for the three main effccts generally
showed that perfornance with just cone flare {s significantly ponrer than with two or more flares, but
that increasing the numher ¢f flares above two does not increase visuail performaunce for the type of
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target layoute used in the axperiment. The data consistirg of ervors also revealed a atatiatically
significant effect due to number of flares used.
: TABLE 5
'
' SUMMARY " ANALYSIS OF VAARIANCE FOR RESPONSE
' 7 ME SCORES FOR EXPERIMENT I
SOURCE SUMS_OF SQUARES DEGREES_OF FRELL M MEAN SQUARES E ‘
Between Subjects 101,118,900 59
A (Shielding) 0 1
B (No. of Flares) 7,012.000 5 1,402.400
AR 10,543.400 5 2,128.180
Subj w/groups 83,463.500 48 1,738.820
Within Subjecte 4,376,1364.100 540
C (Target) 1,629,618.400 @ 181,068,711 150.37%w
AC 10,850.400 9 1,205.600 1.00
BC 154,050.500 45 3,623,344 2,840
ABC 61,412.700 45 1,364.727 1.13
C X Subj w/groupsa 520,202,100 432 1,204.172
""3(-01
TABLE 6
SUMMARY OF ANALYSIS ¢! SIMPLE EFFECTS OF NUMBER
OF FLARES FOR DIFFERENT TARGETS FOR EXPERIMENT 1 1
SOURCE SUMS OF SQUARES DEGRLES OF FREEDOM MEAN SQUARES F
B for C; (River) 2,427.600 9 269.733
B for C; (Road) 1,541,483 9 171.276
B for Cy (Village) 23,100.740 9 2,566.749 2,13+
B for C;, (Bridge) 10,387.490 9 1,154.166
B for Cq (Paddy) 5,906.000 9 656.222
B for Ce (Moving Truck) 8,941,400 9 993.489
b for ¢y (Moving Sampan) 69,719,490 9 7,746,010 0.43%n
B for Cq (Parked Truck) 25,393,090 9 2,821,454 2,34 |
B for Cg (Moored Sampan) 13,645.150 9 1,516.128 1.26 1
B for C), (Anti-Atircrafe) 0.0 9 0.0 |
C X $ubj w/groups 520,202.100 432 1,204.172
* p<.05 *r o .01

Experiment II

Since the target problems presented to the subjects were considerably more difficult and it was hoped,
more sensitive, than thoase presented in Experiment I, the rerults from Experiment II are not comparable, for
example, with the reasults in Table 4. For the shielded condition, the average subject acquired 4.13
targets, took 171.77 geconds to find an average trrget and committed 1.27 errora. For the unshielded
condition, the average subject acquired 4.07 targets, took 181.15 seconds to find an average target and '
committed 1,93 errors. Statistical t-tests for the targets found and errors and the analysis of variance
for the response time scores revealed no statistically significant differences due to the shielding versuw
unshielded condition for the 60,000,000-1lumen flare.

Experiment III

Table 7 shows that considerable response time variability was found between different simulated
altitudes. Table 8 ahowa the summary of t.ae analysis of variance for theee data. ‘

TABLE 7 J

OVERALL MEAN RESPONCE TIMES BY SIMULATED ALTITUDE
FOR EXPERIMENT {II

SIMULATED ALTITUDE (METERS) MEAN RESPONSE TIME (SECONDS) 1
152 69.49
305 29.96 {
457 3174
610 5.92
762 11.41
914 8.90
1,067 30.24
1,219 35.75
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TABLE 8

SUMMARY OF ANALYSIS OF VARIANCE FOR RESPONSE TIMES FOR EXPERIMENT 11l

SOURCE_OF VARIATION SOURCE OF SQUARES  DEGREES OF FREEDOM MEAN SQUARF P R{TIO

Between Subjects 221,956.31 »
A (Altitude) 117,305.30 ? 16,757.%0 5 12008
Subj w/Groups 104,651.01 2 3,210, )4

Within Subjects 523,150.82 280
B (Type of Target) 4,125.63 1 4,105.63 12 230
AB 6,910.64 ? 8.2y 2.9)8n
B X Subj w/Groups 10,793.63 32 3i7.)0
C (Brightness Contrast) 143,125.3) 3 w7, 706,64 23.3300s
AC 78,832.68 i 3,795.9% 2. 2400
C X Subj w/Groups 160,528.2¢ 86 .82 17
C $,225.04 3 2, 2.0L 1.9 .,
ADC 2%.533.90 oY 1,204,866 1
B ¥ Sup; v/ rtows 28,298,469 »»% 919,82

LS ezl o1 -

Frer the ansiysis of varizaee for remponse rimsp, Table 9. the statisticai hypothesis that there are
e stgrsftcans differences 2 retpoase tises oo 'r'pc aight groupe {a noc tenable ot the (. level of
corfivance The Duncan's New Majtiple Range Yinc"“, at the .10 level of conmfilence indicatcd the results
ousmstlzed In Table 9. "n thie taidic sn anzorise ivdicates a statisticeily siguificint difference.

TARLE 9

SNMALY O STATISTICAL TESTS COF ALl ADERED PAIRS OF MZax3
R IXPERIMENT 271

SRILATID

ALTISTIE  (METERS) _ 6l¢ L S . 74 305 1,067 ay? 1,7 152
e MEANS 5,920 _2.%0 11,81 19.96 30,24 3.0e BT .
210 - & * & a
¥ia B + .
7ez * n
ms )
1,{%) -
L5y *
1,439 N
- * a24.10

tisa, frop the analysis of uerience 2t response tilswn, Table 8, toe ¢tatistice’ hypothrsis that
thine are no significent differences in sespwmse tises dus to type of tacget is not ¢mable o2 the .01
leerel of confidence. Rather, the data tend o indicate thur the scuizy pratings vequired siwificantly
iongrer ttzas than the Landeit rirgs. 1In sadition, the staxriasticesl hrpothesis that there sre wo significant
di fYercoces fn respunse tiwas due to brightoess cortras: levels is alco not teanablc st the .)1 level
of 2aafidence. The Duncan’e New Multiply Renge test ar Alw .C) level cf confidence indicate’ that brightness
certrants of 64 and 74 percent were associsted witk shocter responue tiace than the contrasts of 20 and
-3 percent. Roweve: , neither of these pairs was significantly dif'erent from one asother. Finally,
there vas a statistically sinidicant lnteraction between altitude awl type of target st the .05 level of
corfidonce and an intersction detween gloituda and brightness contrasts at the .01 javel.

SISLVISION

That there were no statistically sigaificent diffuiearen due to similatsd flare sbieldi:g was somevhat
n1sriolng. However, there arw sevarsi nther factors concerning shiclding other than those lavolving the
depsadent variables usad {: this expertimai?, Por eusepie, tlie visusl performance in this st:.dy was restricted
to that asscclated with ares srarch for targets of oppoctuuity. Alvo, rhough the shieid may not enhance
virual perfmmance for thic type of tactical task, '.; 11l orevent flluxinstion of the airc:rft from the
tlare, an iwportant considevation. &m eazifer study’ GLidicated that the full benelis of flare shielding
w3v 0ot bde realfres unril the camdlepower of the flsre rearchus 60,000,000 tumens. Therefore, the results
{ecn Exporiment 177 which slsn revesled that there was so statistically significant suin effuct due to flare
wrinlding “onetituted o furzher surptise.

The rasuits uonceredny nusber ¢f flerzes are 13 2lote agreemeunt with our earlier otwy” which disclosed
no significiat diffarences it performence when siavleted .4, .8, 1.2, and 1.6 kiloneter aeperatisns between
fioren vere urei. Discounrisg Tlare £4iinre rates snd othar tactickl msneuvers, theea Sz no rationale for
e ng ooce than two Sleces crver 3 tavget aras reprascrtad by the sealed-3i2s and target features of the
Lerrata rodel utfitzad in the experines’

The differences attriimiaed to tvpe of target sere enticipated. In Pxueriment I, most sul jects detected
2nd leenkifind the road end river withir a fav saconds whilr the anci-aircreft site vas never letected.
“however, “or this experlmeny, the tmpoccaat targets vara thove which neorided variadility for the diffevent
maoexizental factors. The villege. thw parked trutk aad ciw voving sampan were ibs tergets svsociated with
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this variability., For this reason, emphasie was given to these types of targets in Exoeriment II. That
no subject detected the anti-aircraft site was not & total surprise, since Southeast Asia returnees
reported that these sites arc seldom detected unless they are firing.

It ls apparent frcm Tables 7 and B that for the slent range angles of this study, observer altitudes
in the range o 610 to 9l4 meters are superior to other altitudes. Specifically, while 610 metera did not
result in oignificantly different performances from 762 and W14 meters, the 610 meter altitude wae the only
one significantly better than gll of the other altitude cond!/tions. This problem now awaits field valida-
tion via an in-flight study. It is evident from the results from Experiment III that theae acuity targets
(1,000 times larger), placed un a controlled ground point will prcvide reasonable criterion measures for
the fnflight validation.

However, it was surprisin§ that the acuity gratings generally were associated with poorer performance
than the Landolt rings. Riggs 6 reports that in the case of acuity gratings, each single element (i.e., a
single line) of the grating pattern would be clearly identifisble {f it were presented alone. However, the
presence of contours (i.e., other lines) makes it cifficult for the observer to discriminate the separate
elements of the pattern. It is reasonable to assume that even with the lLandolt ring gap equal to the
separation width between the grating bars, the two targets do not necessarily present the same level of
difficulty in discriminating performance. In addition, Shlaerl® found that two functions resulting from
the use of these two targets to be quite dissimilar, with the Landolt ring resulting in higher visual
acuity with increases in {llumination. However, he concluded that both are admissable measures of visual
performance.

Since visual acuity appears to be a form of brightness discrlmtnation.l6 the significant maia effect
due to Lrightness contrast bears some importance. The results of this main effect were anticipated except
for the relatively poor performance in the condition where the target was brighter than the background
(BC = -200 percent). However, the general reflectances from these target/backg: ound combinations were
quite low (See Table 1). 1In addition, tradttional empirical data have shown that, for dark objects on a
bright backggcund, acuity 18 maximal for the highest degree of contrast between test object and
background. The convarse may nof. necessarily be true.
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DISCUSSION

Major Perry (UK)

A covment, really, from some unpublished UK results of practical operational interest. We used 3
different gun-fired or air-droppcd light sources, and helicopters going down range looking for tanks.
| Prime data were detection ranges as they varied with 3 light sources, frow 3 million cundle power at
' 4,000 feet to artillery star shells,

Surprisingly, the smallest source, the star shell, proved to he best, while the high powered high
level source was reduced in value by all surts of factors such as colour and area of terrain covered.

Individual light gource variability is of great importance here. Based on a Universili, of Denver
study, it cen be concluded that to see most of the targets which our personnel in South Eagt Asia are
seeing would require a flare of about 115 million candle power a few feet off the ground! The standard
flare produces only 0.2 foot candle at 1000 feet altitude, about 100 times more than moonlight in fact.
Clearly our model data are deficicnt here.

; Major Hilgendorf (US)
>
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AIR TO GROUND TARGET ACQUISITION -
by

Robert W.Bailey, Colonel, MSC, Commanding Officer,
US Army Acromedical Research Laboratory.
Fort Rucker, Alabama 36360

[t has been our experience in the application of aviation medicine research that many systems (including the
aircralt) are operator limited, both by task loading placed upon the crewmember and an inadequate interface between
the operator and his machine. In addition to problems between man and his flying machine there are increaing
demands on man's perceptual and motor capabilities when this task of flying fiom A to B is complicated by a
visual target acquisition and weapon delivery application task. These weapons are always employed in a high threat
environment and invariably require flight profiles that are unforgiving if the pilot fails to perform all his tasks
effectively, accurately and expediently.

In an effort to make a portion of tlis task easier and to reduce the task loading a method for visualiy coupling
the pilot to his weapon system has been in the research and development stage for over a decade. The advantages
of such a system are thadi it should allow complete hands free direction of weapons system. a heads-up display,
feedback from firing and displays to null out pointing errors, wide field of fire hnuted only to weapons system
flexibility for “‘off-axis” targsts and most important very rapid target acquisition while using the natural perceptual
and control abilities of the operator. The research and development funding by US Army, Air Force and Navy for
such a system has been considerable and it has resulted in operational hardware. In spite of these achievements
there are unresolved hardware probleins, ¢.g., reticule design and helmet coordinate control that require consider-
able engineering improvement to reduce cost, complexity, safety and efficiency. It is my purpose today to present
to you some of the biomedical problems with the helmet mounted sight and visual target acquisition system that
are unresolved. There are biomedical problems, for which assistance is unsolicited, but are the basis of deficiencies
in the man/machine interface that still exists with these systems. For example, so far in this helmet sight technology
head movement only has been measured and used for coatrol, when in fact man uses his head and eyes together in
almost equal amounts to perform a natural target acquisition task. Current systems force the man to employ an
unnatural tracking task (using only the head) in a vibrating, bouncing aircraft that during turns or evasive maneuvers
may produce sufficient G loading on the head and neck to physically restrict or prevent this necessary head move-
ment. Although analogies are dangerous it is my impression that an analogous psychomotor task would be to tune
one's television set by using onlv the elbow. [n both of these situations only gross muscle groups are employed and
the degree of difficulty and resultant accuracy are physiologically comparable. Hughes and Nicholson?*3? reparted
a pointing accuracy of 1° using this technique in the quiet laboratory environment and 2.0° average error during
in-flight testing®. This sighting was within a 12° zone (6° either side of the longitudinal axis of the aircraft), the
doubling of errors in flight were attributed to mild turbulence. When the targei is presented as a moving target,
degradation of accuracy is relatively small at velocities up to 8 degrees per second. Nevertheless, a target moving at
a ' 1e normal to the longitudinal axis of the aircraft at 8 degrees per second increases the sighting error by a factor
of 4 as compared to a stationary target. At 25 degrees per second the error is again doubled®®. Perhaps orie
physiological reason for this increese in error can be found in the work of Sugie and Wakakuwa. Their studies
revealed that although target fixation is accomplished by a combination of head and eyc movements the visual
tracking of a target tends to be independent of head movement. In the case of the helmet mounted reticule this
complication to normal tracking is also degraded further by the vestibulo-ocular reflex. This reflex tends to null
the system so that head motions automatically result in a compensatory eye movement to keep the fixated target
stationary. To successfully operate the current design of helmet sight, that eliminates cye movements as a part of
the control system, it is necessary to overcome this non-linear reflex function. This is not always possible and
therefore may produce disassociation between the sight system and observer.

A controversial and yet unresolved visual problemn associated with current models of helmet mounted sights is
the potential effect of such an optical device upon a depth and spatial perception. Current models of the helmet
mounted sight, or visual target acquisition system use a semi-silvered mirror mounted on front of either the right
or left eye to reccive the collimated reticule image. This results in differences in retinal illuminance between the
two eyes. Pulfrich first reported in 1921 that distortions in space perception are introduced when a stimulus
object is in motion relative 1o a fixed field and viewed binocularly with one eye darkened by a fiiter, or if one cye
is iluminated more than the other by veiling glare. Munster in 1941 discovered that an object in motion was not
necessary. but rather space shifted about a vertical axis. This was confirmed by Cibis and Haber in 1951, and Ogle
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in 1952 This steroscopic effect of the rotation of space about a vertical axis in the objective fronto-parallel plane
can be detrimental to flight safety and mission accomplishment. Lit (1959) conducted research to determine the
effect of illuminance level on this phenomena and reported the effect to be large at low illuminance levels and
decreasing as illuminance levels arc increased.

The attachment of the helmet mounted sight components to the helmet is a third source of bioengineering
concern along with the total weight of the helmet. This is no new probiem and historically appears to have been
empirically studied by German Aviativn Medicine Specialists in World War I}, The conclusion reached is quoted as
follows, “*One of the parameters of head protection, which is physiologically most important especially with regard
to accelerations, is to limit weight of the helmet to about 1 Kg, or 20 percent of the weight of the head™. Deceler-
ation research on cadavers by Haley and Turnbow reported a scvere displacement of the fifth cervical vertebra
during a test of the Army APH-5 weighing about 4 pounds (1.8 K). It was their opirion that, "“a single decelerative
pulse at a level of 40 G for 0.10 seconds would cause irreversible injury to the cervical spine if a 4 pound helmet
was worn™. Work done by a joint effort between the Naval Aerospace Medical Research Laboratory and USAARL
have caused us to also be concerned about the centre of mass of the helmet and its relationship to the center of
mass of the head. Briefly our data, using live human volunteer subjects, revealed that a 9 G deceleration pulse
measured at the scat at time of impact was amplified to 12 G at the cervical-thoracic junction, 18 G at the
bregma and over 36 G at an accelerometer mounted on a bite bar at the subject’s mouth. Therefore our medical
position is to resirict total helmet weight to a maximum of 3.5 pounds. Mounting of the sight upon the helmet
can also destroy the load distribution capability of the outer shell.

What can be done to eliminate these bad features of current helmet rnounted sights?

(a)} First two techniques can be employed to reduce weight and potential Pulfrich phenomena complications.
A technique for projecting from a light emitting diode to a very small (1.5 mm diameter) semi-silvered
mirror attached to the visor has been produced. If this technique is considered operationally unsatis-
factory a parabolic visor with similar collimated lens and light emitting diode can be used to present the
reticule. This also solves the weight problem as well as spatial distortion since such a system weighs only
an ounce.

(b) Ultrasonic techniques can Le employed to sense helimet movement rather than current systems using
filtered fight or hardware linkage to measure the positional rclationships between helmet and the aircraft.
Ultrasonic surveys of current helicopters teveal no appreciable amount of ultrasonic noise in the helicopter
cockpit.

(c) These corrections do not resolve the elimination of eye movements from the system. Therefore, one
should not expect point target accuracy for such a system, but rather expect to use such a system
primarily for target acquisition. The helmet mounted sight slaved to a stabilized optical sight combined
with a weapons system is an ideal system for a pilot to handoff a target to the co-pilot/gunner, or vice
versa. This system can also be scriously degraded when nearby targets are passing at high angular rates.
For area weapons systems the helmet mounted sight is a fine system for acquisition and fire control.
After firing is initiated and observed the system becomes a closed loop system and a better chance for
direct hits is possible.

In summary, the current helmet mounted sights offer an ideal method for man/machine interface and currently
offer certain advantages, they can be improved, but in any event they should be employed with full knowledge of
their biomedical deficiencies.
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DISCUSSION

Major Hilgendorf (US)

Would Colonel Bailey give us a global, off-the-cuff judgement as to whether the helmet-mounted
device is really going to become operational?

Colonel Bailey (US)

It is operational now. What makes it euccesaful is cur use of it with a stabilised optical sight,
a fine piece of optical engineering, the SOS system. It has some human factors problems still, like
switches being in reversed sense, but once on target it is a fine system.

My concern is the system accuracies people are trying to specify and design in, o enable,
theoretically, first hits at long ranges. I just do not think it is physiologically poseible to
achieve that. Used in conjunction with other systems, it offers tremendous advantages. I am certainly
not shooting down the concept, however, but merely emphasising the biotechnological constraints on its
usge .
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A DESION CONCEPT FOR A DUAL HELICOPTER NIQHT SCOUT SYSTEM
William J. Kenneally - Electronic Engineer

US Army Electronics Command
Avionica Laboratory
Fort Monmouth, New Jersey (7703

SUMMARY

Limited but promising operational experienrs with helicopter borne.nright vision systems (both 1w
light level TV and forward looking infrared) nas spurred an interest in the application of night vision
tachnology to second generation airborne aystems. The limited quantitative performance data on these
first generation systems, coupled with tle significant advances in night vision technology made during
the intervening periocd, place asvere restrictions on the aystem designer attempting to make logical
systsm tradeoffs. The acope of the paper is to examine various relevant data on the subject ard te
develop a design concept for euch a second gsneration scout aystem.

INTRODUCTION

The limited but conceptually proven capability of airmobile scout helicopters to operate in periods
of darkness has fostered conuyiderable interest in extending this capability to the mid-irtensity
battlefield. The basic problem {s that of establishing a conceptual design of such a scout helicopter
system that will accomplish the tactical mission of mobile target detection, recognition, and
identification.

The major distinction between these earlier offorts and the proposed advanced design task is that
the eaphasis in these first generation systens was on fielding the best systeam available within severe
constraints of time and possible aircraft modifications. Since these early systeas, rather significant
advances have been made in incressing night-vision device capability (range, resolution) while reducing )
the size and weight. Additionally, rather significant increases in predicted MI'BF have been achieved. :
In short, the system deaigner has available to him considerable design freedon in specifying desired :
night vision sensor characteristica. The queation then ia how to accomplish equivalent systea level
tradeoffs with respect to other aspects of the problem (e. g. installed weight, endurance, type crew
compar tment, stabllization requirements, navigation/sensor integration, etc.).

Tsctical Context

To bound the scops of this paper we shall confine our interest to that of real-time self-contained
battlefield reconnaissance syotema. Specifically, we are concerned with the detection, recognition,
identification, ard position fixing of rnobile targsts (tanks, personnel carriers, support vehicles,
and troops) in a fluid mid-intensity battlefield environmeni. Conceptually, since the scout helicopter
will be 1ift capabtlity restricted with respect to ordnance (with possibly a mini-gun for some?®
suppressive fire ca,ability) it is reasonable to expect that following target recognition and location
the scout would call in interdictive fire., However, the scope of this paper wiil be restricted to the
initial and more difficult problem of target detection,recognition,and idantification.

L

Baseline Aerisl Vehicle

hs & point of departure for our design synthesis we shall start with the concept of extending the
capability of the exiesting light observation helicopter from that of clear day operationa into the
required conditions of reduced visibility. While one night argue that this is a rather non-systematic
approach to a conceptual design problem, one wust also recognize the practical impetus of upgrading
existing observation helicopters rather than starting from a more idealized base and then requiring
developwent of a totally new airframe.

For purposes of design orientation, a set of mpecifications for a nominal cbaservation helicopter
has been developed by the simple expedient of averaging the respsctive atatistics for both the OHab6A
and the OH-58, the US Army's current light observation helicopters. While thsse averaged performance
characteristica are not really representative of eithsr aircraft, they are certainly representative of
the class of vehicles of interest, Table 1 lists celevant characteristics.

Baseline Sensor Characteristics

While there are a number of different design options with respsct to targst surveillance sensors,
our i{nterest is specifically restricted to prssive slactro-optical sensors (E<0) (low light level TV
ard forward looking infrared). This does not mean that active dsvices, operating at either radar or
optical frejquencies, are considered inappropriate for the task but that we simply prefer the pasaive
systems for tactical reasons. Frior to specifying E-O system performance values it is appropriate to
consider how the E-O system and its carrier vehicle interact in a fundamsntal aanner. FPigure 1
illustratas the basic sensor/vehicle geocmstry.

While a very simplified overview of the systsm geomwtry, Figure 1 does allow us to begin to identify
the cutegories in which design tradeoffs are usually accomplished. Specifically, the E-0 ejuipment
degigner is predominately concerned with the characteristics of the E-O device i. e. range, elevation
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Cruise Syaed 117 kta,

Endurance 2,3 hrs,

Empty Afrcraft 2475

Crew 400

Fuel

425

1bs.

Sensor Payload 450

Aircraft Maxe. 3750

Table 1 -~ Deaign Point for

Night Scout Systen

Atmosphera

Aetrosol Content
Cloud Cover
Illumination level

Sendgor

Bandwidth

Number of Scan Lines
Field of View
Field/Frams Rate
Agpect Ratio

S/N lavel
Integration Time

1mage Processing

Bdge Enhancement
Gamma
3patial Filtering

Scene

Target Characteristics
Background Charactecistics

Terrain Masking
Clutter Level

Display

Luminance

Size

Number of Scan Lines
Cortrast

Scene Movement
Dynamic Range

Gamma

S/ level

Aapect Ratio

Table 2 = Some of the Variables Affecting Information
Extraction Performance
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and asimuth field of view, end resocluticn, display sise, etc. Correspordingly, the tactical user is
predoninately concerrwd with eelecting the altituda, airspeed, and sensor depression angle. Hence we
have an immddiate and direct interrction that in many cases is counterproductive. Tas gpecification

of E-O device sharacteristics tends to be driven by technological capability, while the tactical
considerations ars bounded by such factors as the flight-safety aspacta of operating on the front side
of the power curve, and operating at a safe night altitude. Hence it i3 quite possible to have optimal
performance (B-0 devirs arnd flight conditliona) of subaystems and yet obtain system performance which is
significantly le~a than optimmi. Thla interaction will ke defirad more fully in smubsequent sections

of tho papor.

Partitioning of Man/Machine Problem

With this brief look at ths interaction of the sensor and the sensor carrier it i1s now worthwhile
to turn cur attention to what i3 probably the key aspect of a succesaful aystem design - the interface
betwesn the surveillance operetor and the surveillance system. As an aid in the fucther bounding of
the problea we shall follow the leac of Biberman et al {Reference 1).

Two main sets of factors govern the performance of man
and his low-light-level viewing aias. The first is well
urderatood and includes the physics of light, optics,
solid-atate materials, and engineering approaches to the
design of photaelectronic devices. The second sei is
related to the less well-known factors of paychophysics
and vision and the interrelation batween visual tasks,
and quality of the imags, the time availadble, and other
subjective matters affecting the observer and his task.

Table 2 identifies soms of the variables that can have an effect on the ability of the cbserver to
extract the signal from ths noise. Inspection of the number and diversity of the variables in Table 2
provides one with a quick index of the complexity of the problem of specifying an E-O system design.
The problem at this stage is to identify the key variables and to initiate a preliminary design based
on this smaller and hence more manageable ast of 3uign variables. The remaining variablea can then be
treated as modifiers of the specified aystea's performance.

Other considerations aside, ths single most important characteristic of the E-0 syatem is that a
sufficient mimber of spatial samples of the target be obtained by tha sensor. Hence our first task in
the prelininary design syntheois is to determins the mumber of spatial samples required to
detect, recognise, and identify targeta.

A recent swvey of avallable data on target identification (Ruference 2) summarized the results of
several earlier studies. Figure 2 shows the muaber of TV lines (scans) versus percent correct
identifications. The conclusion of that study was that on the order of twenty TV lines/vehicle are
required for identification. While the absolute use of this number of twent; TV lines for identification
is probably not warranted, we can use it as an index of one condition that must be satisfied to obtain
target identification.

Concept of Surveillance "Footprint!

Figure 3 defines the sensor "footprint" more explicitly. It is assumed that the sansor down-look
angle, o is adjusted so that the maximum ranges, Rmax, of the E<0 device just intercepts the terrain.
R intercept is then defined by the mas'mum look-down angle, (o< ¢« 8 ), and altitude (h). The sensor
“footprint" (lines/ground dimension) can be calculated in the following way:

O 2= 2
s = i
AL [ Rnhxz— hl] 2. f———an?o&vﬂ)

If the visual feature extraction task (detection, recognition, or identification) is specified in terms
of squivalent lines/target dimension then it is convenient to nocrmalise the equation by letting K=Y
ap

whare
Ki = detection
Kz o recognition
K3 « identification

Since of im fixad for a givon maxrimm sensor range, Rmax, and operating altitude (h) the design variable
of interest is that of elevation field of view & .

Equation (1) allows one to calculate the vertical field of view as a function of the other parsmsters
specified,
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N < Resclution Elements
AL - Surveillance Footprint

Dax « Horigontal Range ai
Maximum Search Point

Dain « Horizontal Range at
Minimum Search Point

) Figure 3. Concept of Surveillance "Footprint"
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Figure h. Flow Diagras of the Search Process
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Reference 6 established an expsnential model for search time as a function of target single glance
probability of detsction and display area which is more representativs of the actual cass. However, as
we are interested in eatablishing bounds on performance, we have assumed Py = 1/Pg, That is,the
probability of detection is one - given that the area is searched. The generalised model is given in
equation 2. P(y) is the probability of detection as a function of scanning time, Pp ia the probability
of detection for a visual cone of four degrees, t is the time of search, axd A is the display area in
degrees asjquared.

(2) Py =1 -{exp - 156Pp b]

Effect of Aircraft Motion

To this point we have treated ths image on the display as stationary. That of course is not the
actual case. The time for the "image' or e},rveillanc% "footprint” to be traversed is simply
3) AD _ YRmZI-AI Y - o
) tgr T 7 7
for the systen parameters outlined earlier. Setting the time available squation equal to the time for
display search yields ", P
W= Llewtontd D= e
\ ~
For n = 1 (single glimpse at each element of display) and the system parameters outlined earlier u 1is
approximately SC kta which is an acceptable cruise spesd for a light helicopter. It is important to
note that the required speed is dependent on the number of glimpses required which is in turn dspendent
on both the physical size of the display and the single glimpaes probability of detection. Hence & higher

i probability of detection will require lower airspeeds. This illustrates the E-0 verasus operational
! interaction noted earlier.

| For the design concep’ outlined it 1s evident that soms form of image stabilization is reguired.

; Image stabilization is concerned with both the elimination or a% leas* the significant reduction of
aircraft mntion (bo%i: angular and translation) on the imags. One approach wuuld be to statilize the
turret sensor to insure tua. Lo lime I sight ic atabllized to a point on the ground during the target
area search time.

Aircrew Conaiderations

Reference 7 identifies a rnumber of environmental considerationafor attack helicopters in a NATO
environment. while not exactly a match for ths night scout task it does provide insight into related
task consideration; one particular area needs to be emphasized - that of dark adaption requirements for
the Ilight crew.

The pilot,who is essentially concerned with eithor night VFR fiight or IFR flight operations,will
tend to operate in & dim-illuminated cockpit both to maintain his night vigion adaptation a9 well as to
minimize mircraft detection by ground elements.

The observer, on the other hand, 18 concerned with operating the display at a brightness level that
maximizes probatil ity of detection. In general, the brightness levels associated with maximizing the
probability of detection are incompatible with the cockpit illumination levels desired/required by the
pilot. Hence for our design concept the cockpit arrangement places the observer in the rear of the
obgervation helicopter ard hence is capable of being snshrouded to perait high {llumination of the
display scope without pilot interference. Figure 7 shows the gensral aircraft arrangenent of cur scout
helicopter.

Summary of Preliminary Design Concept

Our point design night scout helicopter can be sumnzrized as follows:

° o 5 [
Pield of View 1 x 1 (for identification) 6 » 6 for detertion
Stabilization Motion and line of sight stabilization
Resolution 1000 1ine
Display Approximately 9 x 9 inch panel mounted CRT ‘
Signal/Noise Display S

Operational Effectivity

Given our scout point design the task is to determine its relative tactical effectivity as an aid
in measuring the relative worth of possible design alternativas. One such index is area searched/unit
time. For the parameters outlined earlier the proposed scout heliccpter will be able to search
approximately 30k~2¢/hr. This may be an unacceptably low search rate relative to tactical areas that
need to be searched,
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Design uptinization « Target Identification

In brief, our rather conservative design effort has resulted in a system conceptual design that
essentially insurcs the capability to accomplish that most difficult of battlefield tasks ~ target
identifications However, as a counterpoint to this significant capability {s the potentially restricted
area coverage identified earliers The problem then is to devise a viable system mncept that will ecable
us to maximize the capability of this scout system while providing for coverage of significantly larger
areas of terrain,

Dual Sensor Concept

One such concept would be to ¢#dd a long-range area coverage radar system to the Scout Helicopter,
Such a system could conceptually provide a pointing or cueing capability to the more precise night
vision system for subsequent target detection (in this case target handoff) followed by target
identif {ications

Afrcraft Lilt vapabilities

Earlier {n the paper the nominal capability of the type light observation helicopter was specified,
Since we now have a design point for the nominal scout system i* is possible to compare the required
with the practicable to determine total gystem feasibility from an aircraft lift atandpoint,

A reasonable weight estimate for the night scout system is as follows:

Night Vigion Sensor SO 1b,
(NV) Stabilization System 150 1b,
Display 30 1b.
Navigation System (LOS Stab,) SO 1b.
Radar 250 1b.
Hageline Aviouics _75 1b,.
TOTAL 605 1b,

Couparison with the data in Table 1 indicates that the baselinz system exceads the available lift
capability by a significant amounte

Alternative Approach = Dual Scout Concept

In fact, the representative hardware weight estimates for the combined radar-night vision gystem
exceed that of the design point helicopter’s 1lift capability and hence rules out the concept of a single
aircraft system, There is however an altecnative method for implementing the system concept in an
aircraft compatible way. In short, ther: Ls no absolute need to make each scout helicopter totally
self-gufficient since a more efficient solution is to use one longer range radar system to provide
target data to one or oore 3cout hellcopters as shown in Figure 8, A3 indicated in Reference 9, the
k2y to successtul airmobile operations is the integration of the total capebilities of the Arwmy rather
than the development of single migsion aircraft that accomplish all missions on a lone-ghip basis,

Dual Scout Implementation

The use of the dual acout approach, while eliminating the problem of attempting to install all of
the equipment in a single scout helicopter, does bring with it the additional constraints of a common
and accyrate navigation systcm, a data link, as weil as a means for coordination of the total “system"
as suggested in Figure 8., These additional constraints, however, are well within the atate of the art
and can be met with appropriate ''systen” level planning,

Conclusions

A deaign point study for s night scout helicopter has been completed, The fnteractior. among
tactical considerations and Fe«0 system attributes have been identified, finally, the search effective=
ness for a nominal design has been calculated, Based on the limited area search capability forecase
for the design point system, a concept for a dual helicopter syatem has been developed,
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DISCUSSION

Major Perry (UK)

What concrete evidi.uce have you to state that ground vehicles will spot your helicopters before you
see them? Secondlv, you cannot really believe that the need to fly high is viable in North West Europe?
You must stay down with the trees, as shown by th2 analysis we have of some 300 to 400 flying hours,
including hcurs at night. Our findings are perhaps summed up by the word “Tactizs'", | suppose, and seem
to prove you wrong.

PR LT Rr, WE " SR TR

Mr Kenneally (US)

1 do have empirical data from Army tests, which I presume could be made available to you. Based on
that data is our current design requirement for night scout helicopters. We would not invest all this
expense in electronic systems for helicopters if it were not nececsary,

Major Perry (UK)

Why not put your display against the real outside world, so the display content matches the real
view? Perhaps a full-size rcal-life kind of Head-Up display is what 1 mean, although I know you are
thinking mainly of TV, It would be a pmatter of turning brightnesses up and down to give a match,

Mr Kennezally (US)

People have looked at the idea of night vision displays on HUD, such as the 'night window'. The
problem even with a zero-conient TV screen is one of loss of dark vision, however, Then you ueed a
good deal of space, and have to make some equipment trade to find it. An even bigger proble: is the
need to stabilise the equiprent to lock at a point, given the bumpy aiicraft ride.
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GENERAL DISCUSSION

Dr Huddleston (UK)

!

Before opening the general discussion, 1 first want to give Dr Bloomfield time to complete an
answer, and then to accept & question 1 acknowledged frou Mme. Heynemann.

Dr Bloomfield (UK)

This is an answer to Mr Overington, We were dealing with a complex visual dieplay, which most
acuity studies have not treated, and expected an {nteraction between viewing distance and display
complexity, In fact, there turned out to be none.

Mme. Heynemann (France)

Could 1 ask Dr Taylor about the application of the Blondel~Rey formula tc flash stimuli. With the
increasing use of electronic sources, light time is getting briefer and briefer, generaily less than a

millieecond. Do you think the Blondel-Rey formula will always apply? In particular can the physiclogical
constant 0,2 sec (a threshoid concept) still be correct?

Dr Taylor (US)

Single brief pulses in the nanosecond and microsecond range, and indeed, well into the millisecond
domain, appear to follew Bloch's Law exactly at threghold. This is true, moreover, regardless of pulse
shape (as shown by Long in 1951) and for the case of multiple-flick trains of pulsea whose total exctent
do not exceed critical duration. The threshold for multi=flick pulse trains longer than t_ 1is now under
study, but we do not have sufficient data as yet to enable any conclusions to be drawn. I would guess,
however, that the function will again be complex, especially as eye-movements come into play and
probabilistic summation occurs. Thus, the Blondel-Rey "coustant", a, may or may not have any meaning for
electronic flash sources operated in the multi-flick mode.

It's in any case known that the value of a varies, cxperimentally, over a very wide range, and is
quoted only with some faith ss being 0.20 or 0.21 sec, It ranges from 1.0 sec to 0.05 sec at least.
Thus 0.2 sec is a convenience, and has no theoretical under-pinning, except in the context of an

appropriately limited set of conditions. Practical application demands a simple, single value, that's
all, and 0.2 sec hus been adopted by C.I.E.

Dr Huddleston (UK)

Now to the open discussion. With their permission, Messrs Bailey, Hilgendorf and Kenneally represent,

1 think, some of the more practical people we have present, if othesr laboratery workers here will join
me in being below the practical salt. All three have spoken asbout aids to vision; specifically, that
flares are not developed up to known current needs, that head-aiming ability is still an exlusively
empirical topic, and that low-light TV leaves us too ignorant to agree precisely where ve are most
ignorant. Could I, then, ask each in turn to say bluntly whather they think clegant laboratory-based
modelling is a help or a painful hindrance in evaluating equipment requirements?

Major Hilgendorf (US)

1 have no doubts that the laboratory-developed models and techniques are & quite fantastic aid.

However, we try to work at three levele; the basic psychophysics, then simulation trials, then flight
tests in that sequence,

Doubtless, many of the visual parameters that concern us could be investigated in a light~procft
room with the subject on a8 bite-board. But we have a responsibility for "rface-validity" in our research
efforts, and must tie in our work to things that the actual practicioners understand. I can bring a
tactical commander into my terrain model laboratory and he can lcok at scenes like others he has
actually experienced befure. Very few of our tactical commanders are impressed by a bite-board and

optical bench. But we know our good simulations are founded on previous basic research of low or zero
"face validity".

Colonel Bailey (US)

1 think that sums my opinions quite adequatel;. Sowme people, however, conatrue the pragmatic world
as being a non-scientific one, and that is not correct at all., We try to take established principles

from basic work and apply them to practical problems, but in fact the two are not separate but rather
continuous areas of activity.

Mr Kenneally (US)

Frou a design stand point,there is no doubt that models have a very grest deal to offer, if only to
give relative numbers to use in selecting options. In the previous discussions, the world seemed to be
divided into two camps; those for models and those agaicst. But that's an artificial kind of distinction.

The wodel has a place ag a filter, too, to save money on hardware and flight tests which would be
quite ineffectual. The key is to work the model and test effort complementarily, the one built on the
other in a suppottive fashion., 1 don't doubt the use of nmodelling at sll.
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Colonel Bailey (US)
Did Dr Taylor mcan, earlier, that certain rodels should not be put "on the menu'?
Dr Taylor (US)

My comment was really that one should use the model but not "eat the menu". Models have a useful
place in directing work and thinking, but to swallow a model whole, uncritically, is & real danger.
The ingredients should be looked at carefully.

Mr Overington (UK)

Can 1 addrese a general comment to Dr Taylor, regarding the Blondel-Rey equation. 1 believe that
by starting with the known physical properties of the eye one can show a discontinuity to be expected
in the region between 0.25 and 1.0 secoud, Indeed, the asymptotes of the total function would be the
Bloch Law at exposure times of less than 0.0l sec, and a constant value law would apply for values
greater than 10 sec. In between, the large variations as amongst various experimenters can be enplained
in terms of contrast, size and presentation parameters, and would be predictable from these game
physical properties. I shall be publishing these conclusions shortly.

Dr Taylor (US)

1 have no doubt that several concurrent effects operate in the transition range. Certainly, it locks :
as if the quantum (square root) case is adhered to for at least a short time over part of the range.
Then, as you go to longer durations, you get the business of multiple-look probabilities and alsn the
effects of spontaneous eye movements giving hit probabilities for many cones. We have a mixture of
effects, then, and find the Blondel-Rey specification toc simplistic. The practical importance, in
terws of, say, energy saved, is not really germane to this discussion. '

Dr Grether (US)

1'd like to enter another variable, the matter of combat degradation. Models predict laboratory
data quite well, and may predict simulation or field test data too, but the combat situation seems to
throw in another gross effect. 1'm not aware of anyone succeeding at putting any factor or whatever into
model predictions to account for combat situation variables.

Dr Huddleston (UK)

Yes, thank you for your question, but I paés it on to our spoakers with some trepidation. I'm
keenly aware that the issue is a very sensitive one, probably meriting special treatwent at a future
symposium,

Mr Kenneally (US)

We have a programme running at present to do with night vision from helicopters. May I just relate
what one individual told me, that calculations as to what could be seen were fine, but when he got to combat
he became a lot better just after being shot at! It may not always be a degradation, but a motivation
bonus or something like that.

Major Hilgendorf (US)

Dr Grether knows 1've been worrying, and worrying only, around this problem for about 4 years. We've
attempted to monitor our gubjects with physiological measures both in the laboratory and im flighe,
using all sorts of measures and appealing to all sorts of theories, but still nothing holds together by
way of a finding. One embarassing prublem for our theories is that some of our best foward air
controllers, those who can really acquire targets, are older, need corrective lenses, are by no means
"tiger" types, and are often being heavily shaken around at the time! They report they're very stressed
in couwbat, and return to basse with a dry mouth, for instance, and perspire heavily, and perform greatly.
1 don't know how we're ever going to predict this. Perhaps some part of arousal theory may hold the key.

Dr Huddleston (UK)

The only material I can mention today is that World War II and Korean War dats examined by Norman

K Walker in the States, of whom I'm fure you're awere. 1 personally find only part of his data and
even less of hig conclusions acceptable. Of the few items I sccept, the most notable is not really
classifisble as combat degradation of human performance. This concerns the attacking of bridges in
Southern Europe with partially guidable bombs, where the individuals stayed long encugh to estimate
vhere the bomb wae going roughly. If it was going left, they kicked it right, if right, they kicked it
left, then flew away as quickly as they knew how. I call that shrewd thinking, not a stress effect in
the context of the question we're asking.

Dr Srether (US)
Yes, L'n somewhat aware of Mr Walker's work, and evaluate it similarly to yourself.
1 think the combat situation is somewhat complicated. There is a stress on the individual but also

a general stress on the whole situation or enviromment, not a personal stress but, for example, a
great confusion and a kind of on-going gross misjudgement or mismanagement.
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Mr Ericson (US)

I might mention one happening at the Naval Weapons Centre, China Lake. We had combst bombing
accuracy data with errors 3 or 4 times as high as Test Range data. Someone arranged practice bombing
in the mountains north of the China Lake Range, for squadrons who had not seen the area, coming in on
a simulated strike. These data were closely similar to the combat data. It seems to me that Range
testing crews gather a great desl of familiarity with the area which is unlike operational use. Perhaps
we should spend even more efforts on simylation of the task.

Wing Commander Anderson (UK)

A main problem here is getting the information (about hit uccuracy)., Ia World War II the very
noticeable thing was the unwillingness of any interrogator to impute anything but extreme courage in
the aircrew, and the inability of the aircrew member who had just risked his life to believe he hadn't
done the job properly., This is quite a genuine phenomenon.

1 conducted some limited experiments myself, and discovered that the target identification was very
much tied up with the danger involved. In peacetime and training you ger a pat on the back for correct
identification and attack. In wartime you get something nasty and hot in some other part of your
anatomy: The outlook in wartime is completely different so that there may be a vested interest on the
part of aircrew in finding the wrong target, and this very strong effect has to be squarely faced. i
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REALISTIC CONSIDERATIONS OF TARGET ACQUISITION ON LINES OF COMMUNICATIONS

by

Roy K. Frick
Diane E. Summers
Thomas E. Tyson
Aeronautical Systems Division (XROA)
Wright-Patterson AFB, Ohlo 45433

SUMMARY

This paper presents an approach to determining the probacility cf acquiring targets by a search
aircraft which flies along an enemy line of communication (LOC). A line of communication is defined as a
route, e.g., a road, waterway, or railroad, and the targets of interest are trucks, boats, or other appro-
priate carriers. The analysis approach consists of thres areas of investigation: (1) analyzing the con-
tour (twists and turns) of a route for purposes of establishiag a preferred flight path plus determining
the frequency distributions of LOC aspects relative to this flight path, (2) computing the probability of
detecting a target, given a set of LOC, target, and flight path conditions, and (3) integrating the recults
of the first two areas of investigation to produce the probability of target acquisition for the overall
set of conditions.

The methodology presented in this paper can be applied to investigate conditions of target ac-
quisition for existing lines of communication in the real world.

LIST OF SYMBOLS

6 = a parameter used in a target detection model which is sensitive to sensor, target,
background, and atmospheric conditions among others.

P_ % probability of target detection.
h & height of masking obstacle.

H & altitude of search aircraft.

(e

w % 1/2 width of LOC. H
W & horizontal component of distance between LOC and aircraft. é
d & horizontal component of distance between masking obstacle and the line of sight to %
the tarpet, £

PA & probability of target acquisition. %
« £ c¢rossing angle of LOC. %
5

B & offset distance - LOC to flight path.

STATEMENT OF THE PROBLEM

Target detection by an overflying aircraft depends on many things such as light level, target
and background signatures, atmospheric absorption, and time-in-view of the target. Of these, the prob-
ability of detection for a given target/background combination is ordinarily extremely sensitive to the
time the target is in view, Time-in-view is a function of the sensor ground area coverage, aircraft velo-
city, location of the target xelative to the sensor cuverago, and the masking effects of terrain and vege-
tation. These factors cannot be realistically determined until paths taken by the aircraft and the target
have been specvifically defined.

If the search aircraft is also an attack aircraft, the general problem of target acquisition
involves both the abpility to initially detect a target and the ability to convert on the target, that is,
to subsequently turn into the target and successfully reach an acceptable weapon release point.

The location of the target is assumed to be equally likely anywhere along the LOC. The aircraft
flies a preplanned flight path which has been established after considering the general contour of the
route. This flight path determination is treated by the line of communication (LOC) model discussed later
in the paper. The search aircraft may not be able to follow all of the twists and turns of the route be-
cause of turn limitations of the aircraft. The LOC model considers the flight path to consist of a series
of straight line segments, and chooses a flight path which maximizes the total fractior of the LOC which
is in the field of view of the search aircraft.

As the aircraft flies along the LOC, the route below will wander back and forth across the ground
projection of the flight path. Most of the route will be offset from the flight path, and when it crosses
the flight path it will do so at some angle. This difference between the route and the flight path acts to
reduce the probability of target detection because of terrain or foliage masking. The degree of masking,
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and hence, the time in view of the target, is a function of both the offset and crossing angle of the flight
path relative to the LOC. The LOC model, in addition to determining the preferred flight pach, computes the
frequencies of offset distances and crossing angles of the route relative to the flight path of the aircraft.

s
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For a given set of values of offset and crossing angles, a time-in-view can be determined for a
given deyree of masking. This masking is a function of aircraft altitude, height of the objects (such as
hills or trees) along the 10C, and the width of the LOC. These factors, plus the speed of the aircraft,
the sensor field of view, and the maneuver (turn) limits of the aircraft, determine the time of exposure

of the target. This time of exposurc can be translated into terms of probability of detection by a mathe-
matical model, using target and background characteristics as additional inputs.

The problem posed is to integrate the output of the LOC model and the time in view to give an
overall probability of detecting a target along a LOC (e.g., road).

THE LINE OF COMMUNICATION MODEL

Nearly any aircraft can follow a relatively straight road, waterway, or railroad in flat country
in such a way that its sensors are always looking shead and down the road, since no turns are necessary.
As the route becomes more tortuous, the patrolling systems are required to turn more in order for the tar-
get sensors to be pointed shead and down the route. As more and more turns are required, the effect of
patrol speed becomes significant since the faster aircraft have larger turn radii and thus cannot negotiate
as many turns as the slower systems. When a turn cannot be negotiated without the route passing out of the

sensor field of view, a 1light path must be chosen so as to eliminate the turn and cut a swath through the
tortuous section of the route as shown in Figure 1

__—— ROUTE
\f

|
\\\FLIGHT PATH .

SENSOR FIELD OF VIEW

U

FIGURE 1
ATRCRAFT FLIGHT PATH OVER TORTUOUS SECTION OF ROUTE

The Line of Communications Model includes & flight path determination subprogram which employs
optimization techniques to define a feasible path which maximizes the percent of the route passing through
the sensor ground area coverage. Inputs to this program include: (1) rectangular coordinates of the LOC
to be analyzed, (2) maximum number of sircraft turns permitted, (3) a minimum on-course distance between
turns, (4) aircraft speed, altitude and G-limit, (5) sensor field of view dimensions in azimuth and ele-
vation, (6) the sensor depression angle, and (7) the x coordinates for an initial set of aircraft turns.

The first step in determining the flight path is to define the route to be patrolled as a locus
of points in a linear coordinate system. An LOC is defined by tracing the paths of specific routes,
selected as part of a study scenario, from maps. A linear coordinate system is then superimposed on the
trace of the route nd the x and y coordinates of the route recorded.

Once the initial trace of the LOC is determined, a "best" flight path will be selected as des-
cribed below. An initial flight path is chosen and is approximated by a series of straight line segments
connected by circular segments, the radius of these circular segments being dictated by aircraft maneuver-
ability limits (a procedure for selecting an initial flight path is given in Appendix A). Hence, a path
is completely defined once the x and y coordinates for the aircraft turns have been specified. Given the
input x-coordinates for the initial set of aircraft turns, least squares procedures are utilized to deter-
mine corresponding y coordinates. This procedure tends to minimize the aircruft offset distance from the
LOC. Using the sensor depression angle, aircraft altitude and field of view dimensions, the location of
the sensor ground area coverage relative to the aircraft flight path, i.e., the sensor '"footprint" is
determined by appropriate mcthods. The percent of the LOC actually passing through this sensor swath is
the figure of merit assigned to this initial flight path. An improved flight path, (one with a higher

figure of morit) is then sought through a systematic search of the neighborhood of the initial x-coordinates.

Repetition of these procedures until specified tolerance limits are reached defines the "'best" flight path

assumed for this analysis. Reference is made to Figure 2 which is a flow diagram of tho basic steps in
determining the best flight path,

Once the flight path has peen determined, two importunt quantities associated with each 1,0C
point can be computed. These are: (1) the perp~ndicular distance from each LOC point to the neatest
point of the flight path, referrod to as the "offset distance', and (2) the absolute value of the angle
formed by the intersection of a line segment joining two adjacent LOC points and the local flight path
sepment. In subsequent paragraphs this will be referred to as the ''crossing angle' for the related LCC
peint.  The frequency distribution of offset - crossing angle combinations for this "best' flight path is
an output of the LOC model.
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Input x, v Select a starting Determine set of Count number of road
coordinutes of sct of x values y values by least segments falling in
LOC at cach — »| square rcutine ) seNnsor field of view
increment for these x's and
v's
4
i

Is there a significant

Select a new set increase in number of

of x value§ - Yes segments in field of
view for these x's and
‘V's?
FIGURE 2
No
ELUW DIAGRAM FOR PROGRAM TO DETERMINE
BEST FLIGHT PATH OVER ROAD
Stop
Program

THE TARGET DETECTION AND MASKING MODEL

The probability of target detection depends on sensor, target, and background characteristics,
plus the time-in-view of the target. Functicnally, the probability of detection can be represented as

PD s f(n, t) (1]
where t is the time in view and @ can be a parameter which collectively accounts for sensor, target, and
background characteristics. Tnis parameter can be sensitive to type of sensor used (e.g., radar, I.R.,
visual) and can also account for human factors, Often, the probability of target detection is based on
an exponential model of the basic form:

-8t
PD =1 -0 (2}

The parameter 6 must be determined to some extent on an empirical basis. A model, such as equation (2],
can be derived on a pure empirical basis, or it can be based on an executive routine which accounts for
various components of a sensor system, considering physjcal characteristics such as lines of resolution,
sweep, signal-to-noise ratio, etc. One example of such a model of the latter type is given in reference

(1.

We will not present the theory behind such a model, or discuss in detail the various methods
one could employ in determining the parameter 6. Furthermore, we will not give the probabilistic basis
for a model based on equation [2). Discussion of the theory of target detection is given in reference
(2).

For this paper, we will limit our discussion to the other variable of interest, that being the
time-in-view, Time-in-view is a matter of geometry. This geometry has three parts pertaining to: (1)
sensor ground coverage, (2) the aircraft maneuver limit, and (3) masking. These parts are independent
and therefore could be discussed in any order, We will take them in the order in which we have listed
them starting with sensor geometry, Tho sensor "footprint' that is, the pattern on the ground will have
varying shapes depending on the type of sensor used. For {llustrative purposes, a radar sensor usually
is fan-shaped, the sides being segments of radial lines and the leading and trailing edges being con-
centric arcs whose centers lie at the intersection of these radial lines. This intersection ljes directly
beneath the aircraft, The fan shape is symmetrical about a centerline which is parallel to the aircraft
flight path. The dimensions of the fan are, for the most part, proportional to the altitude.

The maneuver limit is of interest if the search aircraft also serves as; an attack aircraft,
Once target detection has taken place a sequence of cvents must then take place prior to the attainment
of a weapon release point, C(Cursors must be set, the aircraft must be turned ts a correct heading, thore
mzy be a handoff to a terminal sensor system and then final flight corrections uust be made tc the air-
craft heading. Figure 3 depicts the general situation. If minimum required times are known ror each
operation, these, in addition to the speed, altitude, g-limits of the aircraft, and weapon travel deter-
mine the envelope which we¢ term the "maneuver limit." The maneuver limits, assuming constant max g turns

and constant speed, is simply two arcs - one on either side of the flight path concentric with the arcs
of the right or left turns in the flight path.

The bear footprint and the maneuver limit are straight forward representations of what happens
in the real world but masking is not so apenable to geometric representation. The hills and foliage of
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the real world must be greatly simplified before they can be expressed mathematically.

A statistical

model featuring Monte Carlo techniques could be used, but a deterministic model using the simplified con-
cepts discussed below is often adequate.

TARGET

MANEUVER LIMIT ,3//
- 7

WEAPON GROUND

TRAVEL
HAND-OFF
TO TERMINAL
SENSOR § — , WEAPON
FINAL FLIGHT RELEASE
CORRECTIONS

SET CURSORS
POINT OF
DETECTION
FIGURE 3

CENTER
OF TURN

N—

MANEUVER LIMIT DETERMINATION

The simplified model has been called the "Wall Model.™

The earth is flat and the LOC is a channel

between parallel walls which are of uniform height.

Further, to simplify the geometry it is assumed that

the LOC segment upon which the target is located is straight though it may bs at any angle to the flight

path.

obstructed - outside of the lines it cannot be sesen (Figure 4).

the proof is simple.

As a consequence, the envelope of points at which the target comes into view of the aircraft is two

parallel lines that are also parallel to the LOC segment. Between these parallel lines the target is un-

This may not be immediatoly obvious but

For this proof let the target be a2 point on the centerline of the LOC (Figure 5):

Let h

H

height of the masking obstacle.
Altitude of the aircraft above the LOC.

1/2 the width of the LOC.

horizontal component Of the distance between the aircraft and the LOC.

nerizontal component of the distance between the masking obstacle and the target

neasured along the line of sight.
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D = horizontal component of the line of sigh® distance betwoun the sircra®t sad the
target. ‘

by similar triangl:rs

W _ D _n
2 S

Thus W does not depend upon where the targe: iz on the LOC but only upon w, ¥, h, an¢ this provey that
the masking envelope is two paralirel lines.

7 4 ";éfré;{// /S
////5//'////4, / </

NO OBRTRLTTION
JETWEEN AISCRATY & TARGET

boc 1P
s ’ i
T
TARGET MASKED
///////‘// i //A’
FIGURE 4. MASKING ENVELCPE
!
—] w .-d—--
::f;(‘:c ;m'!wj "“-"‘\/\/j)\ TARGET
AT
NN\
’ .:
¢
e 7
3 |
b % >

FIGURE 5. ASKING ENVEKOPE GEOME Micd

Figure 6 shows the effect on time-in-view. Tha aircraft spprosches o route along a given flight
path. When it reaches point A, the intersectinte of ths flight path and ths nasking envelope, the entire
LOC centerline comes into view. A target i» seem xt this instant at posnt 7,. As the sircraft continuss
along the flight psth the target movss relative o the aircraft aloag a lise parsllel to thr flight path
untii it moves out of radsr coverage: at point 7 . (I course, T, wust be within the sensor foorprint or
the target is not seen until the tatget has novid aleg the 1111-11’i « Ty to & point inside the radar beam).

When thess geometricel detsils sre put tsgetder, the results are typically like those shown in
figure 7. The tick marks on the horitontel axis st the btettom of the Figure represant the offsety for
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FIGURE 6

TIME-IR-VIEN LETERMIRATION

THE INTRGGATED T78GEY ACQUISITION MOOEL

The cversi] probability of target acquisition is detrrwined by integniting the output of the LOC
2odel and the target Jetection and masking modei. As shown earlier, the LOC model gives the fraquency of
octurrences of cffset and crassing angle combinations for specific rosds and chosen flight paths. A table,
ruch 23 rhat givan by Table 1 as an oxmwple, can be prejuired wvhick gives the frequencies of all possible
combinatlions of offsets and cvossing sagles. Table 1 happens to be Jits taken feemt an gctual route and a
choses fiight psth which was used iz s study.

Unce s table similar to Table 1 has heen prepared, & target detection modsl is used t> compute
the predabiiities of detection for the set of offset end cvossing sagle comlinatians for corresjyonding
values of tisw.in-view. The probabilities cf detecticn snd the firequenties from ke IOT are combined to

- give the overail probsbility 32 target acquisition.

whare

P » probadbility of targst acquisition

A

P (A, BY = probabllity of detection, given a sar of cunditinas =, the crossing aagle, and
B, the offset distance.

p (=, 85 & the probability of nccurrence of the conditions« and 3.
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MASKING
ENVELOPE

SENSOR
ENVELOPE

MANEUVER

LIMIT
CROSSING
ANGLE
R S D U S |

OFFSET

FIGURE 7

COMBINED EFFECTS OF MASKING AND MANEUVER LIMIT

CONCLUDING REMARKS

The capability of a search aircraft to detect targets located on the ground is a function of the
time-in-view of the target, in addition to the physical charactsristics of the target itself, the back-
ground, the sensor, and the atmospheric conditions. This paper has concentrated on the time-in-view con-
sideration, and has specifically shown how the geography and the geometry of the target, relative to the
search aircraft, can be analyzed when vonsidering targets located along a line of communication.

Frequently studies of target detection and acquisition assume a specified time-in-view, or treat
it parametrically. For many studies, it may be that time-in-view is more critical than the performance of
the sensor systems used. If such be the case, it is important to consider the geography and geometry of
the situation, as we have done here, to account for the effect of masking cnd the performance capabilities

of the search aircraft.
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TABLE |

TYPLCAL OFFSET/CROSSING ANGLE PROBABILITY MATRIX

OFFSET DISTANCE (MILES) 9

-

[ I

0 1/8 1/4 3/8 1/2 5/8 3/4 1 1174 F
0 | .0az | .09 |.o11 .149
i W0 | .0Z7 { .03% |.005 .064
' 20 | .027 ] .058 .08S
s0 | .o1s ! .ol1 {.00s .01l .043
o1 40 | .o00s .005 .010
g 50 .005 .005
2| 6 | .o0s .005

~ | 7o 0
g 80 .005 .005
g1 9 .005 .005

# | 100 0
Z 1 1o .005 .00
P~ i
2 120 .005 +005
21130 | o] Lom .022;
2 1 1a0 | .cnr| o3z |.021 |.00s .005 .084I
150 | .037 | .0z7 }.021 |.00s|.011 |.003 106
160 | 134 .137 V027 298!
170 | .027 | 026 }.032 {.00s|.019 .109]
TOTALS 372 .425 }.132 1.020{.041 |.005 !.c05 1,900}
1 bt o ot
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APPENDIX A
PROCEDURE  FOR

SELECTING INITIAL BREAK POINTS IN FLIGHT PATHS

A crude method for establishing the initial breal points used in determining the "best" flight
path is described here. 'The break points serve only as starting points from which the optimization pro-
gram described in section on the LOC Model begins searching for the best break point locations, That pro- i
gram will determine the best flight path for the number of joints determined by this procedure, Thus,
while the exact location of break points determined nere is not important in determining the flight path,
the number of joints is.

The procedure begins with tracing an LOC to be analyzed from US Army 1:50,M0C scale maps. One
mile on these maps is represented by 1.25 inches. The maps are traced onto paper containing a linear
coordinate system in 1/8 mile units.

The ground projection for the sensor field of view to be annlyzed is then drawn on a piece of
transparent plastic to the same scale as the trace of the road. All areas of the plastic except the
field of view projection are then covered with a non-transparent material. This looks as shown in the
figure below.

_ / == opaquz
- L“""“ TRANSPARENT

The exact size and shape of the ficvld of view projection depends on the type of sensor used, the
search altitude of the aircraft, the directinn in which the sensor is pointing, and the angular width and
depth of the field of view.

The numper and approximate location of break points are then determined by a simulated flight of
the field of view projection (which allows only that portion of the road actually covered by the particular
sentor to be seen) over tha trace of the INC. The simulated flight consists of moving the transparent
field of view across the trace of the LOC at the appropriate speed, turning when necessary to keep the LOC
in view. The following ground rules are used in doing this:

8. The field of view must be moved over the LOC in a series of straight line segments connected
by curved turms.

b. The tumns must approximate ths turn radius of the aircraft as closely as possible.

¢. The field of view must be moved across the LOC at a rate appropriate with the aircraft
speed,

d. When the LOC passes a certain point on the field of view and it is evident that it will soon
pass out of the field of view, a turn is made to bring the LOC back into the center of the field.
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DISCUSSION

Dr Greening (US)

You gave the impression that the computed probability had a sharp maximum at a value around 160°
to the line of comwunication. Is there some reason for that kind of a cusp in the graph?

Dr Friclh (US)

For 160° crossing angles (that is, almost go’ng vertical to the road) offsets were very smsll, as
you say. I dou't know why that should be, especially.

This optimization procedure doesn't necessarily give a global optimum. You obtsin a flight route,
plot all the relevant x, y values as explained in the paper, and define a certain road segment. Then a
regression is performed, and describes the break points of Lnat segment. You repeat this for several
segments, and collect those points which tend to give the smallest number of offsets possible. Then a
computer routine taking account of the sensor 'footprint' counts the number of times the road goes out
of view, given that flight route. By fairly arbitrary iteration, a new set of line seguents is defined
and tested for an increase or not in the number of times out-of-view. You stop this rough and ready
iteration when you seem to have a good solution subjectively. The values around 160" could be due to the
omission of a set of segments which were not tested but could have been, to advantage.

Mr Clement (Belgium)

In such estimations, based on linear regressions, what kind of regression should be taken, I on X
or X on X, specifically? Could you justify the choice which has been made?

Dr Prick (US)

Perhaps 1egression techniques aren't even advisable at all. We used them pureiy for expediency
and because they were intuitively appealing. Perhaps a better (but longer) method would be to find a
large set of possible flight paths aod compute detection probabilities based, as I showed in the paper,
on crossing angles and the frequency of offset distances. Finally you would choose the best one, and
it may not be the one favoured by the regression method I described.
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THR BFPECTS OF BRIEFING ON TELEVISUAL TARGET ACQUISITION
by

K. R. Parkes
Department of Ergonomics and Cybernetics
University of Technology
Loughborough
Leics, England

SIMMARY

Evidence from a number of studies indicates that the nature of the briefing information available
to the observer has a marked effect on target acquisition performance. Low-level forward oblique photo-
graphs of the target and surrounding terrain have been found to be a particularly effective form of
briefing information, but such photographs may not always be available. In the experimeat reported in
this paper an evaluation was made of the extent to which, in the absence of suitable oblique photographs,
perspective representations of the target snd surrounding terrain, derived from maps, facilitated tele-
visual ta-get acquisition performance. The effectiveness ot these perapective views, used as briefing
material in addition to maps, was compared with that of maps used alone, and maps used together vith
oblique photographs. The results showed that, whilst not as effective as oblique photographs, the
perspective views brought about some improvement in performance as compared with the maps alone.

1. INTRODUCTION

The nature of the briefing information available to the aircrev both prior to and during a high-
specd, low-level mission is an important factor determining its success. There is evidence that both
visual navigation and target scquisition performance are affected by the quantity and quality of the
briefing materials provided. For instance, the proportion of fixpoiats identified during high-speed,
low-level navigation rune has been shown to depend on both the scale of the map used (1), and its
content, in terms of the proportions of different types of features shown (2). The importance of
briefing materials is even more critical in relation to target acquisition tasks. Whereas it is usually
possible to select as en route fixpointe features thet are likely to be conspicuous and readily recognised,
the target may be small, partially masked and situated in cluttered terrain. Thys it is vital that
adequete information is available to the observer about the appearance of the target, and that of the
surrounding terrain.

The basic form of pre-mission briefing for high-speed, low-lavel targe. scquisition issks ie a map
or chart marked with the planned aircraft track and the carget position. Various types of puctographic
briefing material showing the target area from vertical and/or oblique *ieving angles sy aleo b. avail-
able. In addition to these forms of visual briefiug inforwation, vertal descriptions of the targe: and
surrounding terrain, and other iatelligence information may be provided. Bxperimentsl studies have
shown that as the amount of pre-mission briefing about the target is increased from a brief vsrbal
description, to detailed cartographic and photographic coverage of the targat and surrounding areas,
acquisition performance improves (3, 4). For iostance, Rusis and Ravlings (3) compaiad five briefing
conditions with the finding that the two conditions which included oblique targer phorographs resulted
io significantly better perfoirance, in Lsrms of both acquisition probability acd acquisition runge, than
the three other conditions in which lower levels of bri.fing informstion, not including oblique photo-
graphs, were provided. A further result of this study was that the provision of vertical photographs in
addition to oblique photogrephs did mot improve performance as compared with oblique photogrephs alone.

These results indicate that, as would be expected, the wmore closely the briefiug informacion resembles
the actual target and surrounding area as scen by the observer, the more effective it is, and that if this
optimm information (i.e. oblique photographs) is available, there is no sdvantage to be gained from
providing additional, less useful information. Oblique photographs provide both information sbout the
appearance of the target during & lo~-level spproach, and information about surrounding terrain features
and their spatial relationshipe to the target. Both these types of information aid the observer in
ircquiring the target. Information derived irom the terrsin festures in the vicinity of the target reduces
the uncertainty of the observer as tc the target position, thus reducing the area that must be searched in
order to locate the target, and influencing search petterns. Information about the appearance of the
target itself aids detection and recognition of the target within the search ares. A study carried out by
Jehns (5) suggests that briefing requirements, in terms of these two types of inforumation, tend to inter-
act with the complaxity of the background in which the target is situsted, in that performance tor con-
spicuous isolated targets appeared to be highly sensitive to improvements in target briefing, whilst those
embedded in complex backgrounds showvad relatively less improvement. In the latter case, the requirement
seems to be for detailed information about background features to enable the observer to make maximum use
of contextual cluss.

The important role played by terrain festures in the vicinity of the target in providing clues to
target position is also indicated by work carried out by Laporte and Calhoun (6). They analysed the clues
reported by subjects ss important in leading to target designation, with the finding that for most of the
targets studied non-target clues were more important to successful recognition than were target clues.
More recently, Mitchell (7) hae identified three components of major subjective iwportance in visual
acquisition tasks: (i) wvhether or not the target has visual prominence against its background;

(ii) whether the targer is in a helpful built-up environment or & simple enviromment; and (iii) whetber
or not theve are mapped identification features around the terget to aid acquisition. Again these com~
ponents indicate the importance of the target background and the cues it provides.
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The studies outlined above suggest that for maximum effectiveness the briefing material provided
should enable the observer to accurately visualise the main terrain features in the vicinity of the rarget
and their spatial relationships to each other, and to the target, as seen obliquely during a low-level
approach, This can be achieved by providing the observer with at least one low-level oblique photograph
taken from a sufficient range to show the target and the features leading up to it. Ideally, altitude and,
particularly, approach direction should correspond closely to those of the actual mission. In view of the
difficulty of cbtaining such photographs for targets situated in hostile territory, suitable oblique
imagery may not be available. 1in such cases the observer must work out for himself from other briefing
information the apparent shapes and sizes of features, and their spatial relationships, when seen obliquely
from a particular approach direction, in order to visualise how the target area will look during the
approach, Data reported by McGrath and Borden (8) suggests that the ability of aircrew to accurately
vigualise oblique views from maps is limited. Possible reasons for thia difficully are (i) the inadequacy
of the information given on the map, for inatance, tones, textures, lighting effects and seasonal changes
cannot be represented, although they markedly affe~t the appearance of the terrain; and (ii) the difficulty
of mentally making thc appropriste perspective transformations:

Evidence that the second of these factors contributes to the problems of low-level target acquisition
comes from a study reported by Hagen, Larue and Ozkaptan (9). They found that specialised training in
perspective geometry significantly improved the performance of subjects carrying out a televisual target
acquisition task, as compared with subjects who received only atandard treining., The subjects given the
specialised training were able to designate the correct target area with a“giguificantly higher success
rate, and in significantly shorter times. A difrerent approach was adopted by the present author (10),
who investigated whether, in the absence of oblique photographs, perspective views prepared from maps to
show accurately the sparial relationships between the target and surrounding featur:s as seen from the
appropriate oblique viewing angle would facilitate target acquisition. Under television viewing conditions,
suck as those encountered with television-guided missiles, the camera field ot view and the depression angle
of the optical axis of camera lens are fixed, and thus it is possible to prepare accurate perspective views
appropriate toc any specified altitude, range and approach direction, which correspond closely in terms of
the apparent chapes and sizes of features and the spatial relatiounships between them, and in teirain masking
effects, to the television view relayed back by the TV camera as the missile apprcaches the rarget. Whilst
more sophisticated techniques could be used to generate these perspective views, for the purposes of this
experiment it was convenient to prepare them by hand, transferring features from a plan view grid to the
corresponding positions on the appropriate perspective grid to produce a master drawings (11).

Twe types of briefing material were prepared from these master dravings, in each case uging only the
information available on a 1" : 1 mile (1 : 63,360) Ordnance Survey map warked with the approach track and
target position. For one type, designated 'drawings', a freehand technique was used and for the Sther,
designated 'diagrams', commercial shading materials together with standardised lines were used. The former
allowed 8 greater degree of realism to be obtained, while the latter allowed more rigorous standardisation.
The results of this experiment indicated that both types of oblique representation, used ir addition =0 the
map, significantly improved acquisition performance as compared with the condition in which only the map
was provided, there being no significant difference between the drawings and diagrams. Thus the provision
of map information in an oblique form, corresponding more closely to how the terrain actually appears,
would seem to be of some value, although as would be expected, the performance improvement observed was not
as great as thar occurring uvhen oblique photographs were used ae briefing. Some examples of briefing
materials used in this experiment are shown in Pigure 1.

The experiment outlined above was carried out under static simulation conditions, in which still
photographs taken at four discrete ranges from the targets were used to simulate the television display.
Furthermore, the subjects who took part were srudents specitficelly trained to do the experimental task,
rather than skilled aircrew. It was, therefore, of interest to determine whether, using a more realistic
dynamic simulation technique, end R.A.F. aircrew ze subjects, the provision of oblique persrective views
as briefing material in addition to maps, would facilitate target acquisition performance snd, if 8o, to
what extent as compared with the corresponding obliaue photographs. This was the main purpose of the
experiment described below.

2. EXPERIMENTAL CONDITIOWS

In this experiment the effect on televisual target acquisition performance of oblique perspective
views prepared frcm {M msps was evaluated, in addition to that of the similar, but more detailed, views
prepared from 1" : 1 mile (1 : 63,360) maps, as used previously. Since no significant differences had
heen found between the effects of the drawings and the diagrams, only diagramg were used in the present
experiment. They were designated {M diagrams and 1" diagrams according to the scale of map used in pre~
paring them. The ranges <t which the target was shown in the oblique views, 2 miles (3.2 Km) and 4 wmiles
(6.4 Km) were the same as those used previously. For comparison purposes, conditions in which only the
corresponding maps were provided were tested, together with twe conditions in which oblique photographs
were used. Whilst it would have been desirable to have included vertical photographs in the series of
briefing materials tested, this was not possible as no suitable photographs were available.

For route briefing {M map sections marked with the track, and the target position were used under each
condition. Brief verbal descriptions of the targets were also provided under each condition. Briefing
materials used under the seven experimental conditions were as follows:

(1) {M route map

(2) M route map ¢+ 1" : 1 mile (1 : 63,360) map covering the final approach to the target
(3) M route map + iM disgrams

(4) |M route map + 1" diagrams

(5) {M route map + 1" map + 1" diagrams

(6) iM route map + 'off-set’' oblique photographs

(7) I route map + 'on-track' oblique photographs
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(a) Diagram
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(b) Drawing

(c) Photugraph

F{GLRE 1. Examples of the two iypes of perspective representation prepared

from 8 1" : 1 mile map, together with the corresponding oblique
photograph. The target, a road junction, is at a range of 2 miles.

112

e

i, PRI SR T T O

[ R ey

T

PETRETS I AT




TS wR e

B13-4

The two photugraphs conditions differed in that in one case the photographs corresponded very closcly
to the equivalent film frames in the simulation, whereas in the other came they were slightly off~-set, as
described below. The sixteen targets used to test these briefing conditions included bridges, rail
junctions, roundabeouts, buildings and similar features. The following experimental conditions were fixed
throughout the experiment:

Altitude: 2000 fc. (610 w)

Speed: 430 knots (ROO Km/Hr) (average)

Camera field of view: 20° (horizontally) x 15° (vertically)

Camera depression angle: 6{°

Range at lower edge of display: 1} n.m. (2.8 ¥Km) (approx.)

Display size: 6" x 44" (15.2 x 11.4 cms.) N
Viewing distance: 17" (43.2 cms.), giving real-world viewing angles

Length of routea: 16-32 n.m., (30-60 Km)

Type of terrain: Midlands and Southern England

3. PREPARATION OF BRIEFING MATERJALS

(i) Maps

Standard Ordnance Survey maps were usred. The {M map sections used for route briefing under each of
the experimental conditions covered approximately 6 miles (9.7 Km) of terrain on either side of the marked
track, and several miles beyond the target. The 1" : 1 mile (1 : 63,360) map sections used as additional
briefing material in two of the conditinns showed the final 5 miles (8.1 Km) to the target and 2 miles
(3.2 Kn) beyond, and were also marked with the track and the target position.

(ii) Diagram:

The oblijue diagrams were prepsred to correspond wich the altitude, camera field of view and
depression angle used in the simulation. The specialist responsible for preparing the diagrams was given
these data together with map sections marked with the approach track and target position, and a brief
verbal description of the target. A transparent grid was placed over the map and the terrain features
within the field of view transferred to the appropriate oblique perspective grid, as in the previous work.
The set of diagrams prepared from the {M scale maps was completed before work on the 1" series was started
80 as to avoid any of the more detailed information available on the larger scale maps influencing the
preparation of the {M diagrams. In the preparation of the {M diagrams some difficulties were encountered
ouing to the very small area of map from which the diagrams had to be produced. In particular, very
little detail was available, and since line features have to be shown much wider on the map than they are
in practice, there was some uncertainty as to their exact position. For =ach target oblique diagrams
showing the target and surrounding terrain a8 it would appear frum the two gpecified ranges were prepared
from both {M ard 1" : 1 mile (1 : 63,360) maps. A code sheet indicating how different types of features,
woodland, built-up areas, railvays, wotorways, roads, areas of water, etc. were represented in the diagrams
was also produced,

(iii) Photographs

The photographs used as briefing material were reprinted frou forward oblique photographs taken at
the same time as the cine~film used in the simulation was ohtained. They showed the target ares as seen
fror rangees of two and four miles with the same field of view as the cine-filw. The 'on~track' photographs
were printed so that they corresponded closely with equivalent film~frames and in most cases the target
was approximately central. The 'off-set' photographs showed a view which was off-set from the equivalent
filu-frame by a constant amount, the maximum nossible using the photographs available. 1lu practice, this
wae relatively small and the differencc betvcen the on-track and off-get photographs was not great.

4. METHOD

(i) Subjecta
42 R.A.F. pilots and navigators took part i~ tha main experiment. All had extensive experience of

high-speed, low-level flight, although none had experience ot relevisual navigation asad target acquisition
tasks. Background information including age, flying hours and scores on Heim's AHS [ntelligence test were

recorded for each subject. Sir subjects were randomly assigned t¢ each of the sever experimental conditions.

In addition, 8ix unskilled subjects (students) were tested under tnue basic briefing conditicn (IM man only)
for comparison purposes. ’

(ii) Equipment
The television display was simulated by wmeans of cine-film from the film library produced by the

Britieh Aircraft Corporation. These filma were rear-projected at a speed of 16 frames,second using a

LW Analysing Projector. The display appeared on a small screen set into the subject's console. Viewing

distance was fixed by means of a chin-rest. Provision was made for the positioning of briefing wmaterials,

appropriately illuminated, aad for the necessary response buttons, The subje:r's console was gcreened off

from the remainder of the experimental area.

!
¥

(iii) Procedure

Subjects were tested in pairs, but each worked entirely independently. The purpose of the experiment,
the nature of the experimental task and the procedure involved were explained in written ipstructions.
Before carrying out the test runs, the subjects were given four runs for training purposes, the first
sizulation filam being seen tvice with guidance frcm the experimenter, if necessary. Whilst it had initially
been intended to use eight runs for training purpcses, it was found that this was unnecessary, and the final
four of these runs were included in the test gequences giving 16 test targets. Prior to each run the
subject was allowed as long as he wished to study the briefing materials provided. The time required was
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typically 5-10 minutes, Having studied the briefing materials hc was ssked Lo complete the first part of

a queationnaire, indicating on a ranking scale how difficult he expected to find (e) navigating aloug the
route, (b) lccating the target area and (c) ldentifying the target. As part of a separate study (nat
reported in this paper) concerned with the selectiun and use of en route fixpoints for navigation purposes,
he was also asked to record his chosen fixpoints fur the particular route.

During each simulation run the subject was required to navigate visually along the route, to indicate
the location of the target area as soon as he was able, and subsequently to positively identify the target
itself. Correct respounses, omissive and commissive errora vere recorded for Jocating the target area and
for identifying the target, together with the correspondinp ranges, determined from the fcame-count. At
the positive identification stage the film was stopped for a few seconds to enable the designation to he
checked and the frame count accurately recorded. It re-start2< automatically, #nd ren until a fixed tange
of 10,000 ft. (3.05 Km) from the target was reached. At this point, at vhich most of the targets were on
the verge of disappearing from the lower edge of the display, the experimenter stopped the film and the
subject again designated the target. Having completed the run the subject filled in the second part of tne
questionnaire, which was mainly concerned with the use of fixpoints, but also asked him to record how
difficult he had found navigating along the route, locating the target area and identifying the target
using the same three-point rating scale as in the first part of the questionnsire.

5. REsws

A large amount of data was obtained in this experiment and only an outline of the main results cuan be
presented here. The primary emphasis is on the effects of the briefing conditions tested, particularly on
positive identification of the ctarget, since this «as the main concern of the experiment but other aspects
of performance are also considered.

(1) Target area designation

Analysis of variance carried cut on the target area data indicated that the effect of the seven
briefing conditions on the probability of correct target area designation was non-significant, but the
effect of target differences was highly eignificant, ae shown in Table 1.

TABLE 1

Analysis of variance on target area designations

Source D.F. S.S. M.S. F P
Betveen asubjects 41 12.19 0.3C

B-iefing conditions (C) 6 2.19 0.37 1.28 N.S.
Residual a5 10.00 0.29

Within subjects 630 113.31 Q.18

Targets (T) 15 11.38 0.76 4,49 <N.001
TxC 90 13.10 0.15 - N.S.
Residual 525 88.84 0.17

TOTAL 671 125.50

The overall probability of correct target area designation was 0.75, the means for individual targets

varying from 0.55 to 0.98. Since the overall mean range of target area designation was 26.000 ft. (8.1 Kms)

this variation must have been very largely due to differences in the final approach routes and lead-in
features, rather than differences in the targets themselves. Standard analysis of variance techniques
could not be used on the range data, as the omissive errors gave rise to missing values. However, it
appeared that the provision of additional briefing materials did not increase the ranges at whaich target
areas were designated, and in the case of the diagrams conditions tended to reduce them.

(ii) Positive identification of target

An analysis of variance was carried out on the correct ideatifications obtained under the seven
experimental conditions. As shown in Table 2, the effects of briefing conditions and target differences
were significant, as was the interaction between theam.

TABLE 2

Analysis of varience on the positive identification data

Source D.F. 5.S. M.S. E P
Between subjects 41 13.25

Briefing conditiona (C) 6 4.12 0.69 2.63 <€0.05
Regidual 35 9.13 0.26

Within subjects 630 144.75 0.23

Targets (T) 15 32.95 2.20 14.54 €0.001
TxC 90 31.9) 0.36 2.3 €0.001
Residual 525 79.87 0.15

TOTAL 671 158.00

A sioilar anmalysis carried out on the commissive error data showed that briefing conditions did not

have a significant eftect on commisgive errors but target effects, and the targets x conditions interaction,

were significant. The overall probabilities of correct identification for each of the briefing conditions
ate shown in Table 3.
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TANLE 3

Probabilities of corrsct positive identitication and coummissive cxrors for the seven briefing conditions

Probubllity of cocract Probability of
Briefing conditions identification commissive errot
(1> {M route map only 0.55 0.20
(2) M route map + 1" map section 0.50 0.20
(3) M route wap + {M diagram 0.61 0.18
(4) [M route map + 1" diagram 0.65 0.25
(5)  {M toute wap +« 1" map + 1" diagram 0.60 0.19
(6) M route map + 'offset' photographs 0.76 0.19
(7)  |{M route map + 'ontrack' photographs 0.68 0.18

On the basis of the a priori hypothemes that oblique views would facilitate performance as compared
with the map conditions, that Lhe increase in detsil asaociated with increase in the scale of the map
would improve performance, and that oblique photographs would ba superior to other forms of dbriefing,
Student's t was used to test the significance of the differences between these conditions. Differences :
had to exceed 0.17 to reach the 0,01 gignificance level and 0.12 for the 0.05 level. Comparisons showed i
that both photographs conditions, (6) and (7), were significaently better than both maps conditions, (1) 5
and (2), condition (6) also being significuntly better than condition (5). In addition, the 1" diagrams B
condition (4) was significently better than the 1" wmap condition (2). To obtain a clearer picture of the :
reqults the scven conditious were combined to give three briefing types, those in which only maps were :
used, those in which diagrams were used and those in which photographs were used. The data vbtained are
shown in Table 4.

TABLE &

Pugitive identification for maps, diagrams and photographs briefing types

Probability of

Briefing types Probability of positive identification commissive error
Maps (1) (2) 0.53 0.20
Diagrans (3) (&) (5) 0.62 0.21
Photographs {6) (7) 0.72 0.19

Comparisans between the correct identification probabilities given in Table 3 showed that differences
between mips and diagrams, and the diagrams and photographs, were significant at Lhe 0.05 level, and the
differente between maps and photographe at the 0.0l le'el, again usiang Student's t test. As can be seen
in Table 3, there was very little differer~e betweer tne levels of coumissive errors associated with each
of the trree types of briefing. The overall effects of map scale were assessed by determining the combined
neans of conditions (1) and (3), which used briefing information derived only from {M waps, and conditions
(2) (4) and (53), which lavolved the additional provisica of infarmation from 1" : ) mile (1 : 63,360) maps.
The correct identification probabilities for these two combined conditions were equal (0.58) indicating that
the greater amount of detail associated with the larger scale maps and the diagrams prepared from them did
not affect performance.

As shown in Teble 2, the effect of target differences on positive identification probabilities was
highly significant. Mean value3 for individual targets varied from 0.2l to 0.88. However, of greater
interest from the point of view of this study was the significant interaction between targers and briefing
conditions. Examination of the data showed that there were eight targets for which individual identification
probabilities were particularly low (£0,50) when only map briefing was provided. For this group of targets
additional briefing, in the form of cither diagrams or photographs tended to bring about a substantial
improvement in performance. For the remaining targets performance was relatively good, end was not affected
by the provision of diagrams, and only slightly improved by the gprovision of photographs.

The mean ranges at which correct positive identifications were made were 14,165 feet (4.3 Kms),
14100 feet (4.3 Kms) and 16560 feet (5.0 Kms) for the msps, diagrame and photographs conditions respectively.
The cumulative probability curves, illustrated in Figure 2, clearly show the marked improvement in range
brought about by the photographs, whereas the cumulative curve for the diagrams condition is only marginally
different from that for maps except at short ranges.

(iii) Target identification at 10,000 ft. range

At a fixed range of 10,000 ft. (3.05 Kms), shortly before the targets disappeared from the lower edge
of the display, the subjects again designated the target. As for the positive identification data, an
aunalysis of variance was carried out on the correct designations and in thia case briefing conditions, :
targets and the interaction between these factora were all highly significant (p<0.001). The mean }
probabilities of correct designation and commissive errors associated with each of the three types of
briefing are shown in Table 5.

TABLE S
Correct identification 4nd commigsive error probabilities at 10,000 ft. range

Probability of correct Probability of
Briefing type identjification commigsive erior
Maps (1) (2) 0.78 0.12
Diagrams (3) (&) (5) 0.86 0.08
Photographs (6) (7) 0.91 0.05

Lt can be seen that differsnces between the correct identification probabilities, although statistically
significant, are relatively small at this short range.
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FICURE 2

Cunuletive probabil{ty curves for correct positive
identifications under the three types of briefling.
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(iv) Comparison of skilled and unskilled subjects

The performance of the six skilled subjects assigned to the |M map only condition was compered with
that of gix unskilled subjects (students) tested under the same briefing condition. The results showed
that in terms of the probability of correct identification there was very little difference between the
two groups, the corresponding values being 0.55 for the gskilled group and 0.53 for the unskilled. However,
the unskilled subjects tended to make poaitive identifications at a shorter vange, on average approximately
1000 ft. (305 m) closer to the target. The difference between the two groups was much more marked in terms
of the probability and range of correct target area designation, in this case the skilled subjects showing
substantially higher success rates and longer ranges.

e
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(v) Individual differences ;
Tests were carried out to detcrmine whether an individual's performance was related to his age, -
flying hours or scores on Heim's AHS5 test but no significant correlations were found. -
(vi) Subjective assessments of task difficulty :

In general, the subjects' responses to the questionnaire icems asking them to rate, on the basis of
the briefing information provided, the difficulty of locating the target area, and of identifying the
target itself correlated well with their measured performance, and with the further assessments wade by
the subjects after the simulated run. For instance, the gubjective assesaments of the difficulty of
locsting the target area, made with reference to the briefing information, correlated highly with the
proportion of correct designations wade (p<0.005), and & similar correlation was observed between the
expected difficulty of identifying the target and the proportion of correct positive identifications.
Thus it appeared that, in general, subjects were able to make valid predictions of the difficulty of
target area location and positive identification from the briefing materials provided. However, there
was no evidence that the provision of additional briefing materials, diagrams or photographs, increased
the accuracy of these predictions, as compared with those made solely on the basis of map information.

6. DISCUSSION

The reaults of this experiment confirm the findings of previoys studies that the use of oblique
photographs of the target and surrounding area as briefing material, in addition to standard maps and
target descriptions, significantly improves target acquisition performance as compared with that obtained
when such photographs are not available. As far as can be judged, the magnitude of the effect in terms of
both probability and range of positive identificstion, was in general agreement with that reported from
other studies. However, the main purpoSe of the present experiment was to determine whether, in the
absence of suitable oblique photographs, target acquisition performance could be aided by the provision
of oblique views derived from maps. 7Televisual target acquisition tasks would appear to lend themselves
particularly well to this form of aiu, since field of view and camera depression angle are fixed, and
altitude varies only within relatively narrow limits. Thus oblique views can be generated from maps or
other sources such as vertical photographs, to correspond to the television display at specified ranges,
providing the direction of the approach track is known. The results obtained in thie experiment showed
that, in general, the provision of asuch diagrams improved the overall probability of positive identificaticr,
as cocpared with conditions in which only the corresponding maps were provided. The overall effect was
significant, and of a magnitude about half as great as that due to oblique photographs. However, whereas
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the latter had also brought about a censiderable improvement in range of correct identification, the diagrams
did not. The overall mean range at which identification o.currted under the disgram conditions was effectively
the same as that under the map conditions. FExamination of the cumulative probability curves showed that the
improvement in fidentification probability occurred almost entirely at ranges of 10,000-12,000 fr. (3.05 Kms

to 3.67 Kms). These ranges were the ones at which the 2 mile (3.2 Kms) briefing diagram would correspound

most closely to the simulated TV display. There was, however, litrle sign of a similar effect for the 4 mile
(6.4 Kms) briefing diegrem, which was outside the maximum identification range for most targets.

The failure of the diagrams to bring about improvement in identification range may have been due, at
leaat in part, to the fact that the briefing ranges chosen were inappropriate for the targets studied in
this experiment. The 4 mile briefing diagram was at too short a range to affect target ares designation,
(which occurred on average at about 5 miles range) and too long to have much effect on positive identifi-
cation of the target., The 2 mile briefing diagram only affected performance for targets which would other-
wise not have been identified, or which were identified only at very short ranges. It is posaible that
diagrams showing the target and lead-in features from longer ranges, say, 3 miles and 6 miles, would have
been more effective in improving performance, particularly range of identification, than those used in this
experiment,

Since the diagrams were derived solely from the information on the maps, any effect on performance must
have been due to the presentution of this informatiorn in an oblique form, facilitating tlie use of backgrouad
feoatures us clues to target position. This type of presentation appears to have been valuable in improvang
identification of the eight targets for which identification probability was very low (< 0.50) when only
map bricfing was provided. It is likely, therefore, that for these targeta the use of contextual clues was
an important factor leading to location and subsequent identification of the target. For the remaining
eight targets performance was relatively good under all conditions, and the provision of diagrams did not
aid identification as coupared with the corresponding map conditions. Most of these targets were relatively :
conspicuous, and congequently there would be less need for the observer to rely on background clues, and
less value in the use of briefing diagrams, particularly as they provided very little information about the
appearance of the target itself. It is of interest to note that there was no evidence that the briefing
diagrams led to any increase in commissive errors, as could have occurred if they had proved to be misleading.

The superiority of oblique photographs as briefing materia!, particularly in improving identification
range, was clearly demonstrated in this experiment. This superiority can be ascribed to the detailed
information the photographs provide about the appearance of the target itself, about vegetation patterns
and masking effects, and the general shades and textures of Che terrain, which form a complex background to
the target. In the present experiment, the effectiveness of the photographs was accentuated by the fact
that they were taken at the same time as the cine-film used in the simulation. Thus they corresponded very
closely to the simulated TV display, not only in altitude and direction of approach, but elso in lighting
conditions and cloud shadows, which had a marked effect on the appearance of the terrain. In addition, the
photeographs used in the present experiment were of a higher quality then such photographs would normally be
under operational conditions. Fur these reasons the data obtained in this experiment may well have exag-
gerated the effectiveness of the photographs, in relation to the other forms of briefing tested, as compared
with that achievable in practice.

One: way in which the effectiveness of the diagrams could be improved to approach more closely that of
oblique photographs, would be by including iaformation derived from high-altirude vertical photographs of
the target and surrounding area, and other intelligence information. This would allov more detailed
representation of the target itself, and of vegetation patterns and masking effects, than can be derived
solely from maps. In particular, the limited emount of detail shown on [M maps ia not usually sufficient
to allow realistic oblique views to be prepared, and additions! information from other sources would make
these representations rmore effective. In addition, as discussed previously, appropriate briefing ranges
must be chosen with reference to the characteristics of the viawing system and the nature of the targects
concerned. Finally it should be noted thst if, as it sppears from this experiment, failure to correctly
visualise the appropriate oblique view from a map contributes to the difficulties of target acquisition
tusks, rhen this may have implications nor only in relation to briefing information, but also to selection
and trainiang problems.
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’ DISCUSSION
|
3 Mr Uverington (UK)
Were the improvements due tin photogrsphic briefing referable to the fact that these photos were

taken at the same time as the cine filas usel in your simulation? 1f they were, they wou'd freezs all
variability of weather, foliage, view angle and so ovm.

Miass Parkes (UK)

I take your point. As I noted, sctilla were takean from i iov fflm 3<aelf. Cloud effects were
common, a factor you didan't mention, saéd Y take thiz to de highly iwportant. lsprovements due to
photographic briefing were exaggirated im »y; exderioent.

Wing Commander Anderson (UK)

Did you intend to vary angle of approaih, irsofar as prepacaticn of the diagrass or phutographs is
concerned?

Miss Parkes (UK)
I would have liked to. It seems to me mory uarealistic to test alvays against oblique diagrams

showing the same approach angle, and thiw has very ~ommonly been dooe in briefing experimests, presumashbiy
for ease of preparation of material. 1t should be lavestigated.
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VHE USF OF KELLY'S REPERTORY GRID TECHNMQUE FCR ASSESSING SUBJECTWE
ESTIMATYS QF SMAORTANT PARAMETERS FOR TARCET ACQUISITION

Mrs A Mitchet
British Aircndt Corporatios Limited
Guided Weaporu Didiuan Brisel Works

SRR

Felly's Repertory Grid Tecanique wus esyioyed £ study toe ares of subjollive factors invalved in
Wipizs rejuizition af targmts, in the hops of cowaring v discfepansy tetween the nta oblaired from
Poryaghysical otudies 4nd actual ficld data. N> oxperiments wesn sondunted vriing Nighly traited atrorew
W=l have led to the definition of sc™w subjective paruizters, aa estimater of thei> topsrtance. Through
“facs¥is, three nalor overlying cuxponents were alisited, sach givine & scale aleng w'»ich $argets sould be

vInrod.
Thase major cooponents werer-—

' The target has visual promimence sgainst tha background — Target 183 abyr®md ixtoc the
background, '

2. The targst 18 in a nelpful bullt-up s.vironment - Target 18 ir az urdas wslerooent.

o Tazre ans grographical and =ap identification foatures arvund the tarpost ts si? acquisition -
Zrae o acuieitism is not increased by idestification features.

The next step now must be t¢ investizets suy correiations between thess results ené physical data
anv ettempt to dimcovrer & fecisr forming 3 link detwgez th: two, to improve any mwodsi of predictiox of
HEPTACY N B

STANTREIOR

Corcern with U an/arstendaay of AisaaL anquisttise of targwts had jed to ezperimectation on
dv7aral fargel Al Wvervalicoil parsestsre imvoived, such 23: target sitze and phape,sonirast, complexity,
e € viow, Tatearalogicdl visivility, and 9pee? and alvlitude of appruach; mainly usiag psycho-physical
tectnigues. Huwevsr disorepency was ol betwesn the phyaically messired dats and Fieid dsta, and thus it
war felt that nct encugh werk Lad Teen done Sn the sore subjective estinmates of ine factirs involwved in
visusl acguisition, waich might dueccese the disorepancy.

To this erd, expel:nenis wers lritisied with the intention & studying mam cicseiy the jercentual
and cognitivs procosses cf the observer dkring target scquisition, wiih particuiar esphanis o, the probiems
iuvolved in seel iy targets ziinst a structured Yeckground as opponad to & simple *acxgnund. Por this, a
procadure was required which would doth identify the pilot's thoughtx abdut euch tergot iz bis own terms;
wiile at the sanow tima, would prodncé data whiot: could be analyssi nid sasessed in 1 Wwatle form. These
srTuiremants climizated tvwo wethcds immediately springing to wind, narely, the wnxmirollied free cloice
wztnod, wd the foruved choice sethcd whioh marely gives sudbjective myasurus of the axprrimnnter's cam
thoughts. After concideratiuvn, it war suggested that Inlly's Reperiory Grid Technigue mi ght be an adoquate
lnstrument for the proposed inmvwstigatioms.

The Azpertory 1tast was devised in 1955 by G.A. Xally (v a5 w1 fategral part o2 his Persoral
corstruct Theory, in #hich he suggested that each person hus a se® ol osmstrucis, = coruissct aystes, by
wuich he appraizes his position and surrountings, and attsmpts to anticipate Zutuse enwm's. BEach ¢f these
comptructs willi apuly only 10 8 certaln Sumber of situatiors in wn individual ‘s exyorisnm: zand they probabdly
will not exist in isclation; some nay tend to over-lap; And certain onss will be mce isjort=at or sore
porwrsl than ot ore.

4Ll comstroits in Eelly's Theory ars assumed to bswve bipoiar dimensions, @2 ths relationttip De tween
e %> rales 1: ¢ that ol coniramt. The pole representing the comsiract is termrd *h commtruct or

znargent pole, wd the cirirasting pole, the goutrast or implicit pais.

The departery Tvct was desipned lo icok at the content ard siructure 2f “boass gunctrunt systems,
a3 provides & Jawad by whizh statisticel seasuroments can be xase of the elationmsbipe betumen corstructs.
Thowa ixitially alaed 2% role constucts, and in the original prcosdure ths “Minima Coatart Card Fora™
g veed. Although variotions on Lhis form of Mapertory Test have been suggasied, it weu considered that
the cr1ginal jrosedurs would be ths zeat useful for this preseny investigation. (Ste desiwiriicn in KETHOD).

Xelly devised 3 extonsion to the taaic xathod, the Grid Form, irn which once thn ¢anstruct had been
alaz33g, the gubiect uas asked 10 classify sach elemen® under ore or other sf ths poles. iz can Me done
for euch construct, and “iv whole grid draxz up in tabular ferx, with the elamenta along one axis ad the
conitrunts altng the otbes,  Various modifisations of the Grid wethod neve besn asyigned, bat the ose
considered tc te zoss wseful for this investigation was the Mating Orid Forw in which tn wubje.t rated sach
elament for sach cunstruct on a scale of 1 to 7. Thin zathod allows "the pubject to allensta an many elements
P thlshns t5 either pcle, while ot the same tine deing azble to drav greatsr dis%inciius tetween the

elewniy.
e crtire Rejertory Jrid is tased on a large pisber of aswarptiors:~

{aj That tha stxple of e;t:yns is an sdequatn ropresentatior of the totul powaiation of relevant
2ladents wn the gubject's srviromsent.

'y
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(b) That the relationship betwcen the two poles of the construct is that of purs sontrast. In
expariments employing the Repertory Grid technique the subjects are rarely asked %o rank orvr
rate the elements for both poles, although if time was available the validity of the results
would ba enhanced by this.

{¢) That the conatructs given by the subjects can be applied %3 situations with which ilhe subjects
have not Leen confronted. Hunt (1951, in Bonarius 1965)( demonstrated the validity of thia
assumption.

(d) That the constructs elicited are pre-existing, and aro rot newly developed during the test. i

(e) That the subjact does nst alter his view at all Leiwecen the process c¢f eliciting construct
poles, and of using them for sorting the elemenis. If he dces biur the distinction he malies
between tho poles it may be said that rather than giving a conatruct and conirast pole, the
subject in actual fact is using two construct poles. Thus it is important to re-cheok the
construct and contrast pole meanings with the subject whiie he is completing the sorting task.

(£) The experimenter must assume that the verbal labele the subject gives to the construct, and
the sxplanation of the meaning of the construct given, is adequats to give the exparimenter a
practical undarstanding of how he is organising the elements in tho test.

Some constructs do not have verbal labels, and represant non-verbai and pre-verbal bases of
discrimination and organisation, (Bannister and Mair 1968)?5. These may oocupy important positions in the
layout of an individual's orientation towards himself and his environment. Also, sometimes only one pole of
a construct will he capable of upholding a verbal label and in such a case the other pole is said to be
subnerged.

As wel' as accepting the assumptions behind the Repartory Grid Technique, there are certain practicel
difficulties involved in its use. Fach subject will usually be reouired for a considerable length of t.ime to
complete an oxhauetive interview. However, as the subject is intimately involved with the matter of the test,
tho results are unlikely to be affectcdby the boredom of the eubject.

i
i

As has baen previously suggested, one of the main difficulties is that of understanding the verbal
labels given to the oonatructs. The experimenter has to be careful not to prompt the subject while he is
eliciting constructs, and also to be careful to record the subject's personal interpretation of them,
uncontaminatad by any view tha expesrimenter himmelf may heold.

Even whan just one grid is completed, a large amrount of data ie produced. Thue if a number of
subjects are used, extensive analysis will be required to draw out 211 the available information. It has
been suggepted that it may be worthwhile investigating a single oese in depth when an elaborate course of
trestoent is under progress. (P. Slater 1965) (4;,

After oonsideration of the assumptions and practical prodlems involved, the validity of the
Repertory Grid Technique might be questioned. 4 test/retest validation cannot be designed for an individual,
tut possibly ii may be applied to a grid designed for general use. The internal consietency of a Repertory
Grid can be wetablash~’ through the occurrence of significant relationships between certairn of the constructs.
Poscibly similar grids obtained from the same subjects on difserent occasions could be compared entry by
entry, although slight differonces would be expected.

Bannjster and Fransella (1967)(5), oonducted a study to assesa the validity of a Repertory Grid's
measure of politiocal construins, and found that, in this context, Repsrtory Grid teohniques cppeared to have
gubstantial validity.

Despite the ascumptions and diffic.lties involved, there are sevaral advantages in using the
Repertory test. By using this technique one {2 able to covertly examine the ralationship hetween a subject's
construct dimensions, without the subject fully reslizing what is baing measured. Most subjecte tend to
imagine that it is their actual judgement of each element within the sorting task which is being measured.

4 mecond advantage is that Repertory Crid testing is esgcntially a highly flexitle technique, and
not a single test. Flenents, nonstructs, elicitation procedure, and acoring method can all be variod, and
thus there appears to be little practical limit to the rangs of the type, eize and purpose of individual
grids, which can be formed. This flexibility zoans that the technique is potentially useful for numerous
typea of investigation, for explaining individual'e corstruct systema on many topics, by varying the
elements accordingly. Aleo, the test enables the investigator to record juantitative informetion on areas
of personal conceptuslisation, which are difficult to oxamine by the more conventional methods of
questionnairzs, standard interviews and projcctive tonts.

&
1
K

b Mo Ll

One of the major advantages of the F .ertory Grid Technique is that it permits the atudy of the
dimensions along which the subjoct locates individuals, and the rest o the world which confront hin,
rather than an ~ttompt to classify tha subject on the examiner's own pervonal dimension systen.

This study "=~ the technique to examine factors affecting visual acquisition of targsie by
pilots flying at high opecds an’ low altitudes. Thus, essentially, what is of interest are ths pilots
congtruct dimensionp aroind the area of datection and recognition of various typeo of targets, in order to
view the targsta through the pilots eyes and use the information thus gained in the way the pilot would
utilize it, rather then es tha experimenter thinks tho pilot would ese the target and use the information.

Ao it io hoped that the subjsctive results obtained will be uind in conjunction with objeotive
meapurersnte, guantitative data on vhe pubjeotive cstimates ie regiteu‘. with the evertual aim of
claseif,ing the targets in thess terms. Due to ths Repartory Cridas vercatility, thon, it 18 poesible, DYy
solocting the relavart elemonts, adminie tration procedure and scoring mothod to make the teohnigus
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applicable to the present problea.

The study was conducted in two parts. The first experiment was des:gned as a preliminary .
invenstigation to elicit the main construots used ir this areaj and the second experiment, to verify the H
results obtained, and to invostigate the effeot of using two different inte.viewers; and of "giving" the
subjects constructs which have previously been elicited, to rate the elemsnts on. As the entire procedure
of aliciting constructs and rating them, was very langthy, it was hoped thet this cculd be shortenad,
particularly in further experimenis where it might be just part of the investigation, eitner by using core
than one interviewer, or by tnse subjects rating “givon" constructs. Hence the reaaon for the latter part
of the second experiment. It should be notud, that although this procedure of '"giving' constricis could
be termed "prompting', the prompting wes done, not with the experimenters thoughts, but with the constructs
generatea by other aircrew subjects.

et

il

To sum up the introduction, the sxperimental aim of the investigation is: to establish the way
in which aircrew construe targets. ’

EXPERTIMENT 1.
METHOD:

Yinateen highly trained aircrew were used as subjects, Fifteen elements were used, taking the
forn of photosraphs of targets, varying in taking rangs from £ ft. to 20X ft. Ordnance Survey laps (scale =
1" to 1 milz) of the relevant area with the actual target ringed, were displaysd with the photographs.

Bach subject was interviewed individually, each interview being initirted by a brief explanation,
during which it was emphasised that the experimenter was interested in the visual acquioition of the
targets, end thus, factors such as the quality of the photography, etc., were not really of importance to
the main uim. Such an instruction was felt to be justified in this particular case, as aircrew are used
to identifying targets from photographs, and can gereraiise frowm photographs to actual conditions. The
get of photographs and their maps were then presented, one at a time, and the subject was told what the
target was, and osked to loecate it on the photograph using the maps as a guide, Lhus to a small extent,
gimulating an acquisition task.

The minimum Context Card form for cliciting constructs waa employed. That is, the subject was
shown a triad of the target photugraphs and asked to give one important way in which two were similar,
anc differed from the third,.with respect to the visual acquisition of the targe = shown. The construct
eclicited was recorded, and the subject asked to specify the contrasting pole, it this had rot already
been stated. i

A reting form of scoring method was used, smploying a seven-point scale. The subjeot was asked
to rate all the clements, on the seven—point scaie, for that construct; firot rating the elements not
includad in the triad, and finally the elements in the triad; where the elements exactly illustrating
the conaotruct pole were rated one, and. those at the contrast pole, were rated seven. If the subject felt
wiable to rate any elements for a certain conetruct, he was asked to give it a ratding of O.

f

If a subject gave a construoi, and then on being asked to rate the elements on it, felt unable
to rate the majority of them, either because the construct applied only to the particular triad of elements
it was elicited on, of bscause the construct was not scaler, the construct was noted down and the subject
enoouraged to suggest a different construct.

b e

Once the ratings on one oonstruct were coupleted, three more targets were selected, on the btasis
of their having uimilar ratings on the previous consiruct; aid were presented to the subject, who was again
asked to suggesat a way in which two were similar and differed from the third.

This procedure was repeated a number of times to elicit further constructs, until the subject
did not appear to be able to generate any morae original construocts.

i b 8l

R

1f, during the Repertory test the subject did not introduce the construct of the target standing
in a simple background as opposed to a stiructured background, thon this was given to the subject at the
end of the interview. Caro was taken both to specify both poles of the given construct, and to ensure
as far as poosible the subject's interpretation of the label given to the construct was similar to that \
of the axperimenter's. :

Throughout the interview, care waa taken not to prompt the subjeot in anyway, and notes were
teken of any romarks the subject nade eitner in explaining hie conetructs, or of any more xeneral remarka
on target acquisition.

RESULTS:

The data from each eubject was r ecorded in tabular form, with the elements alorg one axis, and
the constructs elicited along the other. (For aa example see table A).

. Twenty apparently different constructs were elicitedi~

o1
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Construct Fole

3imple Backgreund

Vertioal Diaplacement
Laad=-In Features

Good tugat/baokground sontrast

Large targev

I.P.s (1dentifioation Points)near the target

Uniqua targe:

Uncamoufl aged target

Target is near a built-up complex
Hater as lead-in feature

Target i8 wnobscured on approach
Familiar target

Tarpet is not confusitle with other features

Arez tarpet

The target is a line fsatwe

The target is immediately recognisable
Helpful geog-aphical location of target
Shapz of targe! contrasis with surrounding
Good range and bearwng from lknown featura
Good target aspect

Photograph is irue to map

Hovement on or around target

Easy back-gstop

Target easily seen whatever the weather
Local knowledge

Easily destructable target

Qther conptructs given that wors not rated

The targets are bridges
Yo cloud shadow over target
Hater near the target

fha target is on a cosstling

B14-5

Contrast Pole

Complex EBackgrounc

None

None

Poor target/background contrast
Spall terget

l(onb .

Not un\'xz?moi

Hell camouflaged

Not near a bui;ilup complex
lione TS
Obscnred -
Target is not familiar » N
Confusible ~

Pin point target .
tot ‘
lot

Yot helpful

Poor shapu contrast

Poor

Poor tareet aspoct

Not

None

None

1#ill not be seen eaoily in tad weather
lione

ot

ot

Cloud shadow
lore

Yot

A Princivel Oomponents Analyeis was carried out on the raw data zrids, using a program provided by
the M..C. servic: for analysing Repertery Grids,

‘Ths nineteen suniocta gencrated 161 construcw (although many were similar acrose pubjects), and the
Analysis was used to reduce these conatructs to a set of overlying components. One way of defining a
grincipal couponent iz as a scale whioh cun be derived from the conastructs for meeauring the elements. It
in also pvssible to relate a component direotly to the eleTg t8 and dafine it in torws of an element vector
from which conatru~t loading can be derived. (Slater 1967)10J,

Fourteen ocomponents were brought out, the firet three appearing to be najor onos and a further three
having certain proninenco. Dr. Slater suggoets that although many components may be nweded to complete an
exheustive analysic, it is wiususel to find much variation left in a grid after three components have heen
extracted. In this capse, the first cooponent accounted for thirty six percent of the total variation within
the grid; the first three corponents for approxinmately eixty percent; and the first aix for eighty percent.
Thus, these six components werc studied more cloacly.

The loadings of tho constructs and elemontc on euch of the six components were given by the program.
In an attempt to find verbal labela for these compononts, tho constructs and elemonts with eithor higa
positive or hign negative loadingo wero identificd and plotted on a single axie. (For an example seo Table B).

The conotructs at ore end identify one pole of the component, and thosc at the opposite end, the
contrasting pole. By compering across tho element and conatruct axes the main constructs describing each
target can bz goeorn. :

The progran 2lsc chowed the Polar Co-ordinates, i.c. "latitudea" and "longitudes", for each of
the corstructs and olements, which oncbled their distribution in threc-dimensional space to be illustrated,
by mapping them or spheres. By doing this, a pacturo of the clustering of the corstructs was given, and the
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LOADINGS Ol COMPONENTS (1)

HEAVILY LOADED CONSTRUCTS

Urban Dnvironment
Complex Background

ot liot
Isolated Unique
llo Lead-In | Poor Contrast

0.8
Complex Background

0.6

0.4

liecr a Built-Up Complex
0.2

I.P's llear the Target
Flat Terrain

Yatural Teatures

-0.2

llo Bui l‘t-Up Complex

0.6

Good Contrast

Good Shape Cont:x'a.tn.'o'8
Isclated Target
Unique Target
llot Camouflaged

Targ2t in Open Country

Target 1s i1n the Ihddle
Aotivity

Urban ZEnvironment

Nell Camouflaged

Small Target

Poor Shcpe Contrast

Poor Contrast

Poor Contrast
Complex Background

llear a Built-Up Complex

Funnel Features
Load-1In Peatures

Man-Made Featurce
Rolling Terrain

No I.P.s.

.}30 Lead-In
No Funnel leatures

tio Built-Up Complex

Simple Background
Lead~In Features

-Simple Background
Large Target
Cood Contrast
Rural Environment
Simpls Background

_Rural Environment

]

ELEMENTS
Salisbury Bus Station

4.0 |-

3.0 }-

2.0}
Stratford Theatre

1.0 |- Henstridge Control

Touzr
deyhill Radio Masts
Merrifield Contirol Tuwor
Gomport 0il Tanks
o Gloucester Cathedral

Jridsewatar Bridge
Rampisham W.T, Station
Pord Rail Junction

~-1.0 ~
MSO/River Severn
Yeovil Causeway over

Reservoir

Longleat House
Shoreham Rcad Bridge
Naval Veasels

-2.0) ~

-3.0| -

-4.01-

i W
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relationship between constructs and elements, shown, i.s. Constructs which lay nearost together, correlated
moat closoly. (Por examplas, ses Tables C and D).

CQUCLUSIQUS

Al though an extensiveamount of information was obtained through the anesiysis, difficulty was found
in converting statistical figures into psychologiocal prose, as there was 3till a dosgre? of subjootivencss
in selecting verbal labels for the components. liowever, this was tentativoly attempted by e panel of threo,
boering in mind the intention to check them in a second investizetion.

By examining tho constructs with high pooitive and high negetive leadings, and the rospoctive
elemonts, on component 1, it wae docidod that the conatructs undarlying the compononts were mainly concernad
with ths target in its immediate backpground, and whether it stands out, or it absorbad into the background.
This was validatod by looking at the tergets with high positive loadings on this component, and algo by
the distribution of constructs around the mcjor axis, of the sphere. The following five components wore
exanined in a simiiar manner, and it wes suggestad that the verbzl labels for the first threo componeonts bo:-

1. The target has visual prominnce against the background/Target is shsorbad in the background.

2. Helpful built-up cnvirownsnt/Rural environment and target simplicity.

3. Goographical and map identification fiitures around the target to eid acquisition/lese of
acquisition of target is not incrsased by I.P'e otc. as target featuree alone are sufficient

for acquisition.

Difficulty was found in alloocating labels to the next three components, although it is thought
that they may be concerned with actual target features.
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EXPZRIMENT 2
LETHOD.
Two groups of sixteen subjeots were used, all of whom ware traiied airorew.

_ Fifteon different photographs of targets,all takenatiarangeof 5X ft.were solooted using knowledge
gained from the previous experiment to ensure a varied but representative seleotion of elements. Ordnance
survey maps of tho relevant areas, wore again presented with the photographs.

Essentially the same procedure was uaed as in the preliminary study, exocept for the following
modifications!

(a) Two groupe of subjeots ware used. The subjects in the firat group were interviewed in !
exaotly the same manner as those in the previous experiment. However, the subjects in
the second group were nat required %o elicit their own constructs, but were "given"
fourteen constructs derived during the provious study, and from the first group of subjects
in the study; on which to rate the elementn. The "given" constructs werei-

ol et 8

Ty

1. Simple background - Complex background. :
2. Good vertical displaoement - Poor vertioal displacement. H
3. Good line lead-in foa tures - lone. .
4. Good colour contrast - Poor.
5. Large targot - Small target. ;
6, Idantification points near target - lione, M
7. Unique target - Yot unigue. i
8. Uncamouflaged target - Viell camouflaged.
9. Target uncbscured on approach - Obsoured,
10. TFamiliar target - Not familiar
11. Unoonfusible target - Target could easily be confused with

nearby features.
12, Helpful geographical locetion - ot helpful.
3. Target near a helpful built-up area - Not.
14. Good shape contrast - Poor.

Both poles of ocach contruct ware supplied, and care taken over the subject's interpretation of
aach. The order of presentation of constructs was randomised fc - each subject.

(v) Two intsrviewers were used, each taking cight subjects from both groups.
All subjects were shown the same set of pho.ogrsphs and maps.

REZSULTS
The data was tabulated as in Sxperiment 1.

Both interviewers elicited similar sets of major construots from their subjects, and thus it was !
possible to examine the effect of usinrg two different interviewere, on the subject rating of the elements.
A Kendall Coefficient of Concordance test was oarried out on both groups of subjectst= for Interviewer 'A',
for Interviewer '3', ani for both combined; on six mein constructs. This indicated that there was no
significant difference between the ratings by the subjects undar Interviewer 'A' and those under Interviewer
‘B!, and also, that in all casesc the mubjects appeared to be using & similar sc~le of reference for rating
targets on sinilar constructs.

Again, a Principal Components Analysis was carried out on the raw data grids, taking the two groups
separataly. For the firet group, fourteen components were brought out, the first six being studied more
closely, as in the previous study. The grids derived from the second group, by “giving' the subjecta
constructs, wape treated slightly differently, in that they were aligned by conetruct and element, and
combined to furm a Consensus Grid. High correlation (the lowest being 0.65) was shown between individual
grids and the consensus grid.

OVZRALL DISCUSSION OF RESULTS FRCM BOTH ZXPZRIMENTS

The constructs generated during both oxpcorimcnts were very similar, and the few conatructs
elicited in one study and not in the other were either very general, e.g. Target is immediately rocognisable/
not; target ie predominant/not; or were elicitad by only a few subjects.

Subjects tended to generate the first few constructs readily, and then think nore carefully over
further ones. Alzo, if the iriads presented early on in the intorview did not ellow for the elicitation of
constructs which the subjest personally felt most important, then the subject would either introduce these
into genreral conversation at the first opportunity, or would elicit them when presented with a further
triad of eloments, whather they were representativs of it or not. 4 number of apparently important
constructs appeared regularly acroas she subjects, the order of their sppearance depending ~n the targets
used in the elicitation triads, as the importance of any constiruoct varied froz target to target.

The nucleus of regularly generated constructs consisted ofi- contrast of target against the
background; size of the target; vertical extent of the target; lead-in and identification featuree; the
shape of the target contrasti g with surrounding shapesj and the complexiiy of tne background and the
predominance of the target. ''he size and vertical extent of a target were always judged in relation to
its background. If the targot was a largo building in the coentre of a complex of large buildings, then
it would not its~lf appear lar e, whereas if the same target was surrounded by smaller buildings or fields,
ther. 1t would seem ruch larger. In & similar manner, the immediate background will alse afrect the apparent
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vertioal extent of the target.

The teet tyres of lead-in features were oonsidered to be railways, rivers, and motorways, and the
best identification points, woodn and water features; although it wus stressed that if there were too many
rivers and woods eto., then they would merely inorease oonfusion rathor than being of any help.

In some of the photographs, the targets were large, contrasted sharply with the background, and
took a prominent posit.on on the photograph, and thus could casily be aoquired without the use of any lead-in
or identification fe-uture, although thase could be present,in this type of oase subjeots found difficulty
in rating the photograph for usoful lead-in or identification features as they were not actually recuired.
However, under real conditions, a pilot would use lead-in features and track checke a long time before he
could actuslly see the target and thus the subjecte referred to the Ordnance Survoy maps for earlier evidence
of load-in features, in ordsr to rate the targets for these oonstructs.

As a first step in the analysis of the roaults, the Kendall Coeffiocient of Concordance test was
carried out on the raw data grids, and the results indicated that on the whole, the subjects used a similar
ascale of reference for rating the elements. This was even true in the second experiment, regardless of
which interviewer was testing. Although interviewer 'A' was more restiricted by subjects' length of
availability, and thus did not obtajn as many eonsiructe as interviewer 'B', both interviewers obtained
gimilar major construots; and thus it would seem that there was little difference between the results gained
by them. However, the interviewers held a series of pre-test discussions on the Raopertory Crid technijue,
and planned as far as poseidble how to conduct the interviews, using the strategy of saying as litile as
possible during the experimental seasions to aveid prompting subjects, while at the same time cncouraging '
then to elicit new const-ucts and helping with any problems arising in the rating of the clemonts. Thus,
before it can be assumec that any number of interviewsers can be used, this aspect of the tochnigue should be
exanmined further, as probably interviewers should be trained in the technique together, in order to gain .
similar resulis. R

From the Principzl Components inalysis, loacdings of constructs and clenanis on cach component could

b2 oramined in order to sugge:t verbal labels for the components.

Constructs from the consensus grid ot the positive sndof oomponent“),wcrc of th2 type:i= "Texrget 1o
necrahelpful buil t=up complex's "Darget is well camouflaged”; "Targat is obgcur2d"; therzis poor target
backrround certrest, and "the targht beckground is cemplex'. Ihuse were also shown by the anelysis cf tha
orids using "elicitod" constructs t . both axperiments, 411 ssts of results showed similar censtructs ot
the nogative ond of the component, e.pg. 'target is unigue', "target is isolated"; "“tariet is not camoullosed’;
"ths target background ic simple"; ond “there ia goog te.rget/bac!:gr 1@ contrast". llence the major component
apprared to b2 an overlying faotor concerning tho visual prominenco Jf the target as cpposed to it buin
abaorved into the background.

Underlying component (2), from both groups of experiment 2, are the constructs; = “gooc vertical
extent"; “large targe:"; "built-up complex"; and "no lead-in features"; at ona component pole; and the !
constructs: - "gmall targets"; "good lead-in and identification features"; and '"poor vertical extent' at the
opposite pole. These correspond to the construots underlying component (3), of the first study. It was
decided that the component overlying thesc constructs could be described by, "whether the terrain
aurrounding the target has ugeful identification and run-in features, or whoether the tarpget is so lerge and N
unique in the area that the eye will immediatoly be drawn to it and thus idantification points will not ba q
needed".

Both sets of giids in the second study gave the following constructs at the positive end of
compornent 3i- "target is noar a helpful built—up complex;" "the target background is complex"; 'target has
poor ver:ical extent" and, "good lead-in and idertification reatures'; and at the opposite pole:— "simple
target background": "mo built-up complex"; "unique target" and "lack of other featurcs te confuss tho target
with", Thwee constiructs correcspond %o the conatructs under component 2 in the first study. Thus the
overlying component could be isbelled, "The environment is a helpful, built-up ama./ The target
envirorment is simple".

Gozponents 4, 5 and 6 do riot appear to take any obvious form for any of the groups of grids
axaminod, and thus it is considered that as far ae these svudies show, the first three components cover
the mopt important factors, aocording to subjective estimates, for influencing the visual acquisition of
targets. However, one oannot say that the less obvious componentis are completely dsvoid of interest as they
may involve conaiderations that only a small nunber of subjects had noted and felt important.

Although m few difficulties in using the Repartory Grid technigque were sncounterod, namely, that of
interpreting acourately the meanings implied by the subjects to their construois; and the considerable length
of time nwoeded to complate an exhaustive interview with each subject; these wore not unsurmountable, i.e.
detailed notes were taken of subjects! deocriptions of their constructs; and longer periods of time could be
made available. Thus, overall the technique was coneidered to be a highly scphiaticated irstrument, capable
of providing adequate infoyrmation about the way in which aircrew construe targets.

To sum up the information gained in these two studies, it was shownj that the aircrew subjecta
tonded to usc simi}ar constructs, and to use the same soale of refarence for rating the clements on the
constructs; that the targets are seen in relation to their background and not in isolation; that there was
little diffemnce in the data colacted by the two interviewers; and that the grids corntaining elienents rated
on "givan'" conatructs gave the same principal components as those with "elicited" ccnatructs, although the
weighting given to thoe first componert, by the subjects rating "given" constructs was nuch heavier, than that
fmiven by other subjects. The three major componants derived, overlying constructs used for the acquisition
of targots were:-
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(1) The target has visual prominence against its background./ The target is absorbed into tho

background.

(2) There are geographiocal and map identification featuros around the toargot to aid nocmisition./
Eane of target aoquisition ies not inoreased by identification featrea.

(3) The target is in a helpful built-up erviromment. /Ta.rget is sgainst a eimple background.

Thoe firet of those appears to be dominant.

The next step is a oomparison of grid results with physioal data, in order to gain a more complete
model for prediction of performance. Attempts are already being mads in this direction, using peycho-

physioal teohniques for recording deteotion and recognition thresholds, followed by a Reportory test, using
the same targets.
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SCYT FSYCHOMETRICS I RELATICH 1O TARGET ACUISITION
by

Sandra J. Seale

BRITISH AIRCRAFT CORPORATION LIMIZED
GUIDFM W3APCIS TIVISTUI 1 BRISTOL UCRKS
TARGST ACQUTSITION RISZARCI GROUP

SUICUARY

The variance assocliatnd with acquisition performance arises fror 'between nubject differences and
'within subjects® differences. Psyohological tests have been used in the past in an attempt to aisess the
factors contributing to this variance, but the results have been inconclusive. A recent more intensive atudy
waa conducted, using a pattern discrimination test, the Witkin Bmbedded Figures Test. Previous experimental
work using this tost inadcated that the test w3uld be suitable for the target acquisition situstion in that
it would estimate analytical adbility, which was hypo .heaised as being a festor contributing to the variation
in acquisitior performance. .

Although uo overall significence was found teiwssn EFT :cores and measures of acruisitionr
performance undsr various briefing conditions, the study highlighted *he difficulties involved in using
psychometric tesis in the context of tzrget acquisitiow. The paper examines these difficulties and
illw. trates the contribution to the methodology in thie area %o wlach they have led.

1.  INTRODUCTIQH

Stua =g of target acquisition Lave concentr-ted rainly oh the effects of envirenmental and targes
parareters on operator performance. Among the aims of this resecarch is the ability to predict operator
potiormance undir a given ge% of copiditions. In its simplest terms, it is hopel that this inforwation will be
of vse in the design of wuapon systems. The results of nmany simulation studies in-i~ate that the controlled
variation of phveical factors such as target size and contrast eto. coas not give congistent results in terms
29[ operator parforfuce. Similarly, there is a discrenancy butween flight results ond simulation results
which cannot be completely explained by censideration of the various differsnces in physical parameters. It
has become increasingly obvious that some means ol assessing differences duo to the operator should be
employed in order to cxplain the inconsistsni nature of acquisition results. If one considers the performance
of inuividual subjects, the problem becuuas twofold - not only does the same task produce different results
for differen® sutjects, but ihe sane o.crator 2ay gmave aignificantly different results for the same target on
censecutive trials. Resulig from acquisition studies anave a variance arawn therefore, from 'Wwithin subjects'
os wWrll as "betweon subjecta’.

iaese 'individual differencas' are considered to be the main source of variation in experimontal
findings, a.d it is surpriring thesefore th.at comparatively little effort has bcen spent in tiying to
ectablinh the factors contribuiing to thie variation. Psychological opinion suggests that the main source
of possible variation nay arise duc to inddvidual differences in intelligeucs, personality, psycho-motor
ability and, lirked c.osely with ull these throc, percoptual skills. There are several standard
reychological wats which ma: e mployed to assesn variation in these facters. The question arises as to
the use ~T pavchological tests - are they any better at predicting operator performance than siculations? The
answer is far from simpie. A3 alreaay discussed, the main problem 2appears to be interpreting acjuisition
results in view of the variation whicll occurs. The first step in evaluating the results is to undsrstond the
factors contriduting to the variation. Psychological tests would appear to be the only method there is at
present of assessing these factore. Vhether one can actually predict with confidence on the basis of the
tests is another matter. Certainly theres are *ests which are claimed to predict tendencies towarda certain
specific behariour pattarms, and in clinical paychology they are used extensively. EZxtreme scorec on
personality teets may be used as predictors in the acquisition/tracking situation, but in goneral, these tests
should be used and interpreted with caution. The main use of tests would appear to be in the explanation of
significant individual differences in performance, definition of the population sample on standardized
dimensions for valid comparisons with previous work and selection of comparable population samples.

The mawn problem appesrs tc be choosing the appropriate psychological test. A test js usually
chosen on the basis of three oriteria. Firstly, a definiticn of actual use to which the test will be put,
e.g. selection or stundardisation. Secondly the appropriatenegs of the teat for the task with which the
results are to be compared. Finally, there should normally be some hypothesis about the nature of the
individual differences being investigated. Tnis does not, of course, precluds the use 0f tests on an
intuitive banis. In additior, the test should satisfy the busic etandard test requirements such as
reliabiliiy and validity.

Psychometric teats have been used by BAC in the past in conjunction with acywsition and tracking
tagks. liowever, where tests have ocern used, they havo gencral y been an afturthought to the main 3tudy, and
often the :howce of tests has not been based on any of the threc mezjor criteria mentioned above, As a resul:
no extersi- . evaluation of factors contributing ts the variation in reawli? or of the tests used has been
conpleted. The tendency has been to use a standard intelligence or personal.ty test and the tegts used include
Zysencks Parsonality Inventory, Navens Progressive Matrices (Advanced and Standurd), the Catell 16 PF and the
Heims Ail5. V~ry few significant correlations between the tests and acjuisition tasks have been found, and the
main finw:ings are sumoarised in Table 1.

Rocently, a sore intensive study using 2 opecialized tes-, the Yitkins Pmbedded Figures Test (EFT)

war. conducted by BAC, and it is proposed to devote thie paper 1o consideration of this particulaer study since
1t highlighted the difficulties inherent in choosing an aprropriate psychological test.
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TABLE 1.

CASES YHERE PSYCHOLOGICAL TESTS HAVE }FZEM APFLIED ¥ 4G K N0 GRGIND TARGET ACTUISITIOM BXFIRININTS.

BAC- HUMAN FACTOR3 “CIGLGIC 17-'.5:\ Y
STUDY HOTE. PITCROGICR, TS IS J RERLTS
SERIES 4, No. 9 5.P.1. VRATSNS TOWIID TOD TNSDUSITIVE
RAVDAS STAUDUL YHGRISSIVE
MATPLCTS '
SERIES 4, No.17 o.P.1. 5. SIC. CORRELAVIORS
. . BOMER! ANY TRETS ARG
CATELL 7P
RAVESS AWAND) PROCRTSS:vE | ACHISITIR! RANGE
MATEICES
SERIES 4, Fo.19 E.P.l. ZIMT SOOMES 8 FATOSS
" &G 164 CORRELATED
£y s
T i ITY *POOR? EZRWORMANCE.
HED® &7 V¥ T SIG. CORRRLATLANS
SERIES 4, No.22 EEE R TETAIIED ABALYSIS #O7
CATELL 7 bz GrrorcD
SERIES 4, Y0.29 HEIXS AnS " £1G. COKRELATIN FOUTL
BETH 2 WO~ DSTE ST I
CATELL :6°F FERMORUUNCE &5D TESTS
SERIES 7, No. 3 RAVEUS AWATCID PROGRISSIVE |RC SI6. RELATIOKSHIP FOUSD
NATRISIS
[E.P.I.
)
SERIZS T, Yo. § \CATELL 14P7 SIGUIFIAAN? CORRZLATICN
o1 BITIIR LU SOOWGT ANT
e DETSCIION P INFORLANCE W
: BOTH w570 53 THE SHALL
STUARG PATIRC!
SERILI 7, No.10 VIKDS SITDN U BIM L MICRIT MELATIVL LS
vIoURE T Baeim AT SoORES AT
ACTISINTC: PIRAOMANED O8
! IEARCH THIES

2. RATIGLGALE OF THS STUDY

The E.F.T. is essentially a puttern dizcriminatics tagk basned on ditkin's work on parceptual siple,
and would seem directly applicable to tie target asquisiticn aitzaiion.

A brief outline of Hitkin's work is invladed. since full appreciatiz. of the tnut deponds un
having some understanding of ths work which led ¢ %2 the davelopment of tie test. ¥itk‘n [Baf.?) performed
a series of experiments to oxamine tl.e »anner in '¢diuk individualu percesivel the ostonteticn of 2 rod within
differently orientated surrounding frames. He fourd that individuals, .t ons sxtrew, nercoivd tre jod ns
being upright regardless of the orientation of the mirrouniiry fr.oe, vhilet at the other extrswme
individuals found it impossible to aligr the roi wish e wertical dus to the srientation of the ssrrovunding
frame. In a later study using tke perception of the rpright when budy position and roos were tilteu, Aitkin
found similar results: in both situations some individcals wsre arle to cvarcone *he inTlusce of ‘he
surrounding field (i.e. the tilted room ) whilst ci¥bert wrsr rirougly infivenced by it. lator Witxin (Ref.2)
adapted test material developed by Cotts:haldt (1226) in urde> %o obtair wome Wmasure cf ‘prmvaptual siylet
apart from that involved in the perceptinm of tac wnrigit. This teat ¢ Known as ‘he ixbeddwd Figurss Twst;
in this the subject's task is to locate u previouzsiz seen simpi: figum '~ ir gontainsd, and partially
obscured by colour and configuration, within a ctwglar “isure. Ths amcsiay of parceptiol siyle 1s ‘e total
time taken by the subject on the items in tne %aasz.

Subject's responses to this tert are dugscribed ricrg a sen®inuam o ‘*peresptual styric® canrting frow
those who are Field Independent (proficfent at ssparatizs ihe figire from iws context) to chess wha ame
Field Dependent (find difficulty in scparating 2e figuro Jrw 1ty oortszt). itkin found nigr
correlations between subjects' performante on the rpece nrientation tesle and th- Bnbedded Mo ora Jorts. s
led to the postulation of a genernlised unalytice: tre " i per:option Jhich was related o oartain
personality factors.

Two recent studies have tried 10 relates the pereuptual ol .» of individuile <> more gpe iaciged
practical aspects of perception. Barrett and Tharmton, (Seference 3} found perseplual styis susnificantiv
related to tha ability of subjects to pe.ceive » husan-like duerry which cppsared in th: path >0 o earedrivine
simalation. Thornton, Barrett and Davies  { 1563) fomxl sigtllicant ccrrol-tiwna Setwesr pexceplual uty.e,
incicated by the Brubedded Fipures Test zrd tae auil{ty ¢ srereciiy i{Jentify larpgets in acrirl phoiciraphu.
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BCT-184%1T0 vV 4te iT & YN 8lewlation, a3 deas. ~ud LY variows scorew, and scores from the Bmbeddsd
LT 2081, A L aDE1iAr) A1Z wad 12 entaldils’ wielner Were 1% 8 reiationship beiw:en flying esp.rience

B :
df terms of hours flown) ana E.F.T. ucores - i Lypoiniesis beirng that pilots who have greater expsrience

£ conflict between vigual cues (derived Iroa instruments) and veatidbular cuss (due to aircraft
n2ulc be more f1ei: iruepenasrnt,

3. SPJIML.TAL PRUCIIVHE B :iD RESULTS

The test was administersd to a total of forty-eight pilots, whose ages ranged from 21-41 years
(tran 23.3 years) Flying cxperierce aiso varied fro= 440 houry to 9,000 hours. The scoring tachnigus was
asmewhit differont to that of ‘fitkin, Witkin used 2 maximur time ¢l 5 nminutea whereas in this study a maximum
tire 0. two nminutss was impoatd to take the test shorizr. In adu. t1on the watch was stoppoed during any
demonatrationof th2 fijgure by a subject; in the event ol an error, timingwas resumed. Witkin on the other hand
ineluded time taken to trace the fipuro wnethar the subjsct's responsc was correct or incorrect.

The fallowing mcasures of target acjuisition were taken from an air-to-ground cine simulation running
concurrertly, wnvestigating the relative contrivutions of target cue and target area information to
acquisition perlormance.

(i) Acquisition Range - the range at which a subject sese a target wien approaching it at normal
epeed with briefing material.

(i1} Potential Range = the range at which a target becomen potanitally visible. Where a subject
can di-*inguish a target when approaching it at a slower speed and knowing oxactly where it
ie Ad,

(1ii) Search Time - ths diffcrence between acuire search and acquire target, that is, olapsed time
reagured in frames.

i'our t2ax conditionn were given to the subjecta, during the sirulation, eeach representing a
different level of triefing, The first taek was termed 'routa laarning and in this condition the subject
was shown the film three times dotecting and 'talking through’ with the experimenter pre-selected reference
points to provide aotive involvement in the task. After the route learning runs the pubject was given another
map of tho came routc, this timo with the target marked on it and @as roquired to acquiroe this target. For
th2 second condition, target briefing photographs cf tho target and its i{rmedists surroundings were given,
before and during = first run detection. These photographe were taken at ranges of approximately 5,000,
10,000 and 15,000 feet in order to give the subject an indication of perspective effect due to altituds and
approach angie. The noxt condition consisted of a slow torward run through the film du- g which the subjeot
acquired the target. This was immediately followed by a fast forward run, again acqui . tho target. During
the first helf of this condition the subject 'lewrns' the target within its background ...d1 transfere this
knowledge to the oecond high epued run. The final condition was a control condition, which was a normal
approach tu the target with basic brinfing materials of 4 5 1 mile map with both target and track marked.

Yor Acquisition Range, acomposite rank performance score was compiled, this being tho sum total of
each gubjoct's first run performance over all targete. The poiential range for waoch of the four targets was
cxaninad separately. Corrolations were porformed between the composite acyuisition performance and :.7,7T.
timas scorcs and Fotontial Range for each of the four filns and E.i.7. tize scores. In addition correlationt
batwnar, Z.i.v. scores and Ape and Flying Hours were performed. Lo significant correiations (at the Y0 level)
vore rcund petween any 2f thesa maasuraes.

liowever, since the E.F.T. 19 essentially a search task, il was {31t that coamparisons with the
elapsad time between'acyuire search area" and "ucquire target" would be more appropriate, Also, the method of
proling the data used for acquisition performance may well mask the effocts duo to perfurmance on individual
filns and briefling conditions. For oach film and experimontal briefing condition correlations batween
puojacts! EFT scores and their target scarch time in the cine simulation wero ; “ormed., These correlations
arc onown 1r the table belowi-

TABLE 2. CONDITIM .
A 3 ¢, c, U

Filis .11 C.17 -0.44 0.7 0.4 A = Route Learning
2 .45 0,628 0.17 0.01 0.02 B = Pho.obriofing
3 0,16 =2.1% -0.15 £0.1y —0.09 C1g- Targot Learning

553
d ~0,57 U.4% ~0,2) =-0.0) + J v Control Condition
xx  Lignificant p D.01

x  Lipgnificant » C.0Y
+ Tngufficiant Data
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' Again, the overall lack of significance was notable but hsre thare ie a trend towards negative
correlations. At present there is no explanation to acoount for these negative ocorrelations.

Inspaction of the data revealed that in many instances the potential range measurement was less
than the search area renge measure. If we asspume that the potential range meesure is the firet point at
which the individuasl would L2 able to see the target, then it follows that the difference batween aoquisition
range and potentiel range ie a better measure of "ualfvl! gearch time. However, if the subject hac not
acquired the search area before his potential range, the useful search time is then estimated from the !
difference betwesn %the "acquire search' measurement end the "acquire target' measuremsnt. Correlations were
perforned with FFT scores and this ammonded searsh time measure, for eash film/condition combination. None
of those correlations were found to be significant., lowever, the previous trend to negative correlations
was leas pronouncod. \

TABLE 3. CGIDITIOH.
A B o c, D
FILM 1 -0.04 0,74 0,30 -0,20 0,12
2 0,00 +0,05 +0,40 0,45 +0.05
3} -0.14 -0, 04 +0,28 +00 15 -0.28
4 -0.75 -0,130 0.5 +0.15 +0.40

4. FURTHER COlISIDERATION OF THE RESULYS

The total lack of any useful corralatione betwean the various acquieition measures and ET scores !

way surprising. The experimental evidence from the studica quoted earlisr, combined with the nature of the |

' o7 tagk, i.e. extracting information from a compiex background,suggested that tha test would be ussful. i
In order to ostablish reasons for the lack of correlation the data was exanined in more detail, ,

Frevious B.A.C. experience of targot detection tasks is that detection ranges are approximately

log normally distributad. Alac, search times as investigated by J. Bloomfield at liottington (Roference 4) : }
follow an exponential distribution of the Rayleigh Form, '
)
{
" It was decided that the dietribution of E.F.T. scores (both Vitkin'e origiral data and B.A.C. data) .

' nhould be examinnd in normal, Raylsigh and log form. \her examined in normal form,\see Fig. 1),it was clear
that both data sets were non-linear, and could not be considered as normally distributed.

: | In Figure 2, both sets of data are presented to test the possibility that IFT scores are Rayleijh
y distributed. Thare 1o a pornibility that the B.A.C. data ig Rayloeigh distributed, wnilet this is c¢learly not
tho case for the Witkin data. This would imply different distributions in the VWitvin and BAC data. llowever, H
cver the same rungd of scores, witrvin's data 43 alse spproximated by o ot aight line, In view of thiz it is
preferrad to regard the DAC datn ao part only of the larger ‘{itkin dictribution. This would also provids
an ecnswer tu the problem of why no correlations wore found between ST scorea and acquisition perfermance in
t thic study. All the DAZ data falle in the upper ¥~ of Witkin's data, and in relation to Witkin's conoept of
the ficld indopondent — field dependent continuum, this would suggest that all the subjects used in this
study cluster at the fiold indspendent end. Although the toot may adejuately discriminate betweon finld
independont and field dependent operators drawm ot rardom from the population, it appeas that it i3 too a
ingonaitive to diocoriminate witnin a group of hiphly field independent subjects.

In Iipure 3, the dats is presonted to toet the poosibility thatlog I szoree are nermolly
l Jigtributed. Both BAC and iitkin data are roasonably fitted by strajght lines, and this diatribution is
strongly supporied.
Iinaliy, the data {0 presented .n Figure {, to tost tho posusibility thatlog EFT scores aro Rayleigh
r dictributod. It is clear that neithor BAfL or 'itrzin data ioc so distributed,

Ye VISCUSSION AL COLCLUSICHS

Ths investigation of tho distribution of IIFT scores otimalat:d a roappraisal of the tost. The
nature of the I as seen by liitkin, involves an ability to deal with the field analytically, and thio is
onmbodied in tho torm 'perceptual otylef. The aim of this particular study was to test the relationship
between tarpot acquisition porformance zad EFI ncuren, tho hypothesis being that high analytical ability
is a factor contributin; to good acyuisition porfcrmance and it foliows that the variztion in performance nay
be partly due to this factor. The choice of tho bmbedded Figures 7eat anm a moans of sotimatling analytical
ebility was strongly supported by the experimontal evidonce of Barrctt and 'hornton, and by the fact that the
twr was simdlar t9 the target acquisition situation, in that ir Loth caaes the cubject is roquired to
uxtract information from a compler baokground.

Corrclationn betweer componite acjuieition performancu, potential rangz and ncurch time moaguren
with ZI°T scorvs fziled to chow any cignificant rclationship. Similarly, ncaoures of cxporienss (ape and
flying hours) did not correlate with IFT scores. Some poseible reagonn for this leck of correlation will be

discusued below. urthor conoideration of the tarpget acyuiesition taok ana the Z°T tasi cugmouts that there
J may bn aifferennca betwe.n the two wiich make tho tasks incoapatible, and that those ditferonces wararen the

spparent face validity suggestad by the distribution of scoves. Onc main differcnce ie that the target
acmuinition tzak in the cine simulation may only contain n small proportior of tne EFT tasrt in tho cine
oimaiation, tho tareet acruisition tasis inoludad a map-reading vxercise. 7The acquisition of the target
depanded orn the peograpnic oriantation of the pubject, using idon*ification points on the track along which
the aircraft flew and with tho exception of one condition, whare photographs were Tiven in the brieling, the
gubject nnid no knowledgm of the tarmt ctiher than a verbal briefing. It is svgreated that the photobricefing
conidition 1o morn oimilar to the IFC taok in that it is partly a petiern recopguition task vhere th2 gubject
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récognises the pattern of the target ond its immediate surroundings from the briefing photographs.
Similarly, a point of difference is the manner in whiuh the target is embeddad in its baokground. In the
Hitkin test, the simple 'target' figure is ‘overlaid' by the background whereas in the target acquisition

tagk, the target is a sub-element of the overall pattern.

In the target acquiesition situation the target

background provides meaningitul 'cues' for detection and recognition of the target, whilet in the Bmbedded
Figures the oackground is depigned to obscure and confuse the observer by detracting from the target

figure, in a situztion where both target and background are meaninglcss,

Again the photobriefing condition

in the cine simulation is similar to the FFT task. It was found in the briefing experiment that performance

on the photobriefing condition wes worse then for the other threo levels of briafing.
the nature of the photographs given in the briefing.

This is explained by
Very little target background inforzation was

available to provide the meaningful ‘cues' for dwtection, and the information provided was too specific in
that the subject waited until ha could positively idsntify the target.

Also, the target acquisition task urcd a black-and-white ciné simulation whereas the EFT task

involves finding a simple figure in a coloured complex figure.

Apart from the different colour treatments

the taska differ in that the targnt acquisition task was ecsserntially dynamic (target growing in size and

definition) and ths z.F.T. task astitic.

Althougnh each of tho task differencss considered independently

may have little significant etfect on “he uv2mill result, the combined effects may well have contributed
to the overall lack of significance.

The most important single factcr 1s the insensitivity of the test, and evideance for this cones

again from the distribution of test scoren.

The comparison of Witkin and BAC data supports the hypothesis

that the BAC subjects, being aircrew, were highly selested for 'field indspendsnce', and that the measures

wged were too inansitive to diocriminate within the group.
unlearned or whether it ie the result of training is debatable.

Hhather the *'field independence' is innate and
It is certainly true that pilots are taught

t0 rely on vigual cwe3 and ignore vemstibuiar oues during flight, and the results of the study indicate that

thay can successfully resolve vonflict between tne two.

exporience and EPT scores indicstse that flying experiance doee not influence EFT scores.
attributed to the insensitivity of the test, but it should be ramembered that the range of flying hours was
froa 440 - 5,000. Another factor worthy ¢f mentign ims the high rate of guessing which occcurred. This is due
to the fact that only eight simplo target figures were used in the teat, and the presentation of the figures

was puch that only ceven were presented frecuently.

On the other hand, investigation of flying
Again this may be

The remaining figure was presented once towards the

end of the test. The subjucts succussfilly anticipated which simple figure would occur during the initial
inspection of the complexr {igure, aud this may have influenced the overall results.

?tue pertic:lar etudy was of impsrtance in that because no correlations were found betwgen the
teet and the acgudeition vask, the precise nature of the test was examined more closaly.

Despita tie fact *nat the tesl was appropriate on the basia of the three criteria discussed earlier,

the Jaox of correlation was alzoat significant in itself.

The trend towards negative correlations with

sozrch time was notable. It is interceting to speculato whether, at this extreme end of the contiruum, the
subjocts parformancy on t.e acfyuisition task is not ¢stimated by tho II'T test dus to some other factor, such

ar. motivaticn, or arvueal levael.
wore being timod, and were motivated to do well on the test.

All the eubjecto who took part in the test were aware that their responses
It may be possible that, at this end of the

continuun, any fine discrimination 3ad> oy the test could be masksd by the stronger factor of motivation.

The main {inding of tais study, i.6. test inascnaitivity, would also axplain why tests used in the
past have been unsuccessful in estimating faotors contributing to individual variation in results. As
previounly mentioned, the testu 1wod have generally been a standard intelligence or personality test. In

thoso studies where aircrew or Amv personncl have '
alraady highly selacted by virtue of the nature of thair ocoupations.
poychological tests as an aid to their selection procedure.

‘n subjecta, it ia very probable that the subjects are
Army and Airforce selection centres use
It is easy to imagiiv some sort of threshold

effoct operating such that above a certain level, differences in, for example, 1Q scores will not be reflected

in acquinition taske.

Similarly with personality testing the exirome scores Are already eliminated from the

population semple. Theue onsiderations have serious implications for future psycholugiocal testing. liot only
muwt tho cnoice of tests bo based on the nature of the individual diffcronces we wish to investigate and ths
appropriatonens of the tost, but, it appears that full apprectation of the test components and tho population
sumplo is resuirad. ilithin ihe context of tarpget acquisition this can be echieved by the deveicpment of a

comprehensiva theoretical framework.

This would invelvo the dstailcd oonsideration of bot.. physiologioal

and psychelogical variaoles and their interacticn, and the evaluation of otandard tests to ageess their
applioability and senedtivity.
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GENERAL DISCUSSION

Dr Huddleston (UX)

Apart From Dr Prick's analytical description, the foregoing papers have in part tried to mention the
vexing topic of inter-observer differences, Could we usefully concentrate our final open discussion on
that iisue? It seems to me inescapable that a prediction from group mean data alone is unlikely to match
operational performance with itas likely ewmphasis on surprise, first-pass effectiveness, and so forth,

Mr Clement (Belgium)

1 would like to make a comment om the correlatioa between target acquisition performance by an
operator and his later rating in an aircrew school or flying career. There is a test (from Holland) where
the subject is asked to spot groups of & pointe within a row of other groups comprising 3 or 5 points,
This is a matter of recognition. We ran this test, among cthers, with 400 to 500 pilot applicants, and
compared scores with pilot course success or failure. There is a correlation; but it disappears com
pletely in a discriminant analysis taking account of other tests in other fields. I would say target
percaption was a general psychological property, which can be tested by quite dissimilar means, but
detecting it as an ability in early applicants does not predict later career.

Mr Silverthorn (UK)

We're not norcally able to follow up the career developments of our test subjects., By purest chance
1 heard of one case, where an Aray candidete in trasining failed both the Witkin Enbedded Pigures Test and
the air gunner course he was on, An Arwy-Air Force difference in our test results could be due to RAF

pilot candidates being compared with Army pilot, air gunner and other trades, and 8o our data do not allow
valid comparisons.

Mr Ericson (US)

Would you comment on the skills required in preparing the briefing diagrams iu the context of making
that technique available operationally rather than only on an experimental basis?

Miss Parkes (LK)

We looked at 2 techniques, a freehand une and a diagrammatic one, The freehand technique requires &
certain minimum level of artistic skill, and as such it's really probably not so apprcpriate, The dia-
graomatic techrnique requires really no artistic skill at all, but 3 minimur technical skill in plotring
coordinates from a plan view grid to a perspective grid, This latter would iend itself well ro automatic
methods of plotting. In our experiments we have found no difference in briefing effectiveness between
these tvo methods.

Mr Corkindale (UK)

We've heard a fair amount of data described in what 1 would term conventional threshold form, We
haven't heard a great deal of data presented in signal detection form. The point 1 want to make, follow-
ing on an earlier reference, is that aircrew subjects do not like to look foolish in public, a thing
which they often see themselves doing in the test situation. Very often one notices differences between
subjects not in a narrow psychological~cognitive sensc but in their willingneos to give an answer vhen
they are free to continue to inspect the situation,

Very often in simulator trials, long before the subject gives an answer, he is inspecting one small
part of the teat field very closely because that's where he believes the target is. But he won't say so.
He yants 8 greater or lesser amount of confirmation, Perhape this confidence factor distinguishes sub-
jects more than visual characteristics or general psychological attributes do. After all, subjects are
generally screened a8 to vision, and often, aivcrew in particular, as to general psychological character-
istica., Aircrew are in these two respecte a fairly homogenous population. I8 there work lookiag with
this sort of signal detection approach in rather more detail than I've mentioned?

Mr Silverthorn (UK)

This kind of research is very much limited by finance, and I know of no studies on any current pro-
grame of work, While ! agree with your comments, it would be difficult to add a suitable investigation
into an existing one without noticing. The likely payoff seems to me to be justifiable financially,
though.

Mr Corkindale (UK)

1 know it's very convenient to handle a simple figure, say a 502 or 90% threshold, but I have the
impression most researchers no longer believe in simple numerical thresholds of that kind., 1Is it, how-
ever, a history of convenience too that keeps threshold data in mathematical models? When 1've tried to
persuade mathematicians to take an interest in signal detection calculatiaons, their objections have not
been theoretical but straightforwardly practical ones.

Mr Overington (UK)

One objective of my modelling has always been to fit threshold deta on to signal detection theory,
There is a current convention, however, to make operational use of the outputs of a mocel which give
threshold and frequency-of~seeing numbers, But I believe thet subject confidence, viewed at the neural
level, might well be a signal-to-noise ratio effect, wumrre different observers wait for different ratios
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or schieve similar results at different rates before coming to a decision,
Miss Parkes (LK)

We have attempted to measure observers' confidence levels aftor they huve made a positive identifi-
cation. Untortunately for our efforts, experienced aircrew weren't prepared to make decisions at any-
thing less than ''100% confident", This confirms Dr Greening's original comxment on the topic. Unskilled
subjects, on the other hand, would make decisions at lower confidence levels. For these latter we have,
on occasion, found good correlations between c¢confidenc: level and actual performance,

Dr Huddles:.oa (UK)

1 be:leve Professor Howarth at Nottingham University has had some success in changing student
ohserver riteria by carefully worded instructions accompanied by some verbal bullying, Aircrew with
experience, however, generally knowbetter than the experimenter vhether a real target is present or not,
and their criteria should be much more resistive to this kind of sixople verbal assault.

Mr Overington (UK)

Surely if the literal 1001 confidence criterion were applied by aircrew you woulc find an exactly
rectangular frequency-of-geeing curve? Some variation at least between 992 and 100% must be present.

Miss Parkes (UK)

We didn't allow our pilots a complete continuum from O to 100% confident. They had the choice of
100%, 90%, and, I think, 75% and 501; certainly only two values below the 90X confidence level,

Dr Frick (US)

1 really represent a user of acquisition models rather than a developer, and 1 tried in my paper to
shov how a model could be applied, taking into account other issues such as sircraft performance. Talk-
ing to other users, and thinking about my own work, I am struck by the number of variables and sssump-
tions in models, which make it most difficult to know just what model form to use. For one thing, the
random variable in these models changes from one piece of work to another, Sometimes this variable is
slant range, sometimes time-in-view, and there are many others. A system analyst's problewm is ofien one
of translating a model from one form to some other which fits the problem at hand.

Dr Huddleston (UK)

<f 1 had to sumarize, I would have tc plead that our deliberations at this sympoeium had not
covered all the target acquisition topic, and assert that no easy summary was in any case achievable,

1 remain impressed by the relative precision with which tke important physical parameters can be
defined and measured, that is the light path from target to eye, and the relative tenuousness and
unapproachability of matters biological, that is the information chain from eye via brain to motor act,
While agreeing that the physical problem is complex and very demanding of sustained effort, the biclogi-
cal one has in my view to be set apart as not yet ~ompletely amenable to sufficiently elegant methods,

Individual operator differences stand squarely &t the top of wy personal scale for experimental
nausea, irritability and confusion. They eeem, of g1l facets present, to introduce most noise into any
predictive model and to be least usefully disscussible ‘n public. Ignorance of the operator in general
and in particular is most likely to rcheat the exact application of a given acquisition model. Phyaice
generally fails our practical needs because of bad measurement; biology leaves us with little intelligent
to say.

Empirical modelling is attempted and proves useful precisely because specific underlying factors
defeat our understanding before measurement can even be attempted. Psychophysical data are embarrassingly
specific to the contert of their measurement. To give one isolated example, one's conclusions on an
observer’s colour vision depend heavily on which test pigments or test lights are utilised, and the value
of normal colour vision is in any case unproven for the target acquisition task., Physical data cualesce
nizely into encouraging ideas such as the existence of the solar system, into whiili Couccpl hundlred. of
thousands of measurements collapse neatly. Newton's early formularions perhaps rid the world of any need
to obaserve the fall of every apple, but in biological matters we can still be intellectualiy defcated
by a eingle everyday event. This is certainly descriptive of our current understan.ing of air-to-ground
target acquisition by human visicn. .




