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SUAMARY

A program of experiments i3 reported iu which vicibility distances
for military targets have been asssssed using a scale-model simumlator.
Targets were observed along ground paths under <imulated natursl and arti-
ficial conditions of night-time {illumination.

The experiments were concerned with both detection and identifi-
cation of the targets. The targets were selected to represent different
classes of military targets and included a tank, armored persont.l carrier,
and anti-tank gun and crew. These targets were viewed under starlight,
moonlight, and sesrchlight conditions. They were alwayes located in uncon-
cealed positions and, in different experiments, on relatively uniform and
non-uniform terrain. Their visitility under searchlight illumination was
studied under a wide range of special conditions relating to searchlight
duxation, displacement from observer, and flicker.

When the targets were on uniform terrain, detection distances
obtained under starlight illumination were about 1G0 vards for the tank
and APC. The anti-tank gun and crew could not be seen at the minimum
distance it was possible to use, sbout 100 yards. Under moonlight iliumin-
ation, the tank was reasonably detectabie at between 900 and 1000 yards;
the APC was about as visible or a little wore so0; 500 yards represents the
detection distance for the anti-tank gun and crew. Identification distance
under these conditions is estimated at about 600 yards for the tank and AFC,

When the tank was located on non-uniform terrain, its detection
digtance was reduced to about 640 yards which is about the maximum identi-
fication range already noted.

With zearchlight {llumination, the vehicle targets, when on
uniform terrain, could be detected at the maximum range of 1500 ysards.
The anti-tank gun and crew were visible to about 1000 yards under the seme
conditions.

Targets locsted on non-uniform terrain and viewed under searchlight
illumination were detectable in a complex way as & function of immediate
background, duration of searchlight illuminstion, and searchlight displace-
ment from the observer. The poorest visibility occurred when the targets
were sgalznst z tree hackground, for short durations of illumination, and
with the secarchlight not displaced from the observer. Under these condi-
tions, again, the detection range was sbout the same as the identification
range noted earlier.

Attention was given to determining when possibla, the stimulus
ractoes underlying the vieibility of the targets. In this regard, photo-
metric data sliowed scme determination of correspondence of results with
predictions from more basic visucrl detection data. Photometric data were
also used to relate the simulator conditions to actual field conditions

vii
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in order to evaluate the degree of correspondence. Also, certain of the
experiments employed conditions similar to those used in a field study
conducted elsevhere, and provide a basis for comparison of performance
dats.

viii
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1. INTRODUCTION

The present report summarizes the experimental studies conducted
under Engincering Research Institute Project 2699, sstablished in tezms
of Subcontract 1-003 with the Human Resources Research Office, George
Washington Uaiversity, Washington, D. C. These studies were part of s
program intended to supplement the continuing program of the HumBRO staf”
of the U.5. Army Armor Human Reseaxch Unit, at Fort Kaox, Kentucky.

In generai cerss, the model simulator studies have bLeen concernad
with the determination of visibility distances for militsry targete under
certain conditions of night time {llumination. The studies are intendad
to provide, also, a basis for tetter specifying and understsnding the
stimulus factors influencing the visibility of targets under such conditions.

Since the specifications of target, terrain, and illumination
conditions were intended to relate ciosely to problems of special interest
to the Humar Research Unit at Fort Knox, the establishment of these comdi-
tions was carried out in close coordination with personnal of that Unit.
To achieve this coordination, the writer visited the Human Ressarch Unit
at Fort Knox during November 6 and 7, 1957, for the purpose of conferring
with Dr. Howard McFann and members of his staff. Extensive discussion was
held with Dr. McFann, Dr. Norman Willard, Dr, Nicholas Lewis, Dr. Bd Sterk,
Dr. Fogel Clark, and Dr. Al Kraemer. The discussion had as its objective
to mcke the stimulus conditions of most direct interest in relation to
the studies being conducted at Fort Knox. Agreements (to be listed in
detail later) wers reached concerning the target, terrain, and illumination
conditions for the model simulator studies, as well as the gensral psycho-
physical procedures which would be followed.

Subsequently to the conference described above, correspondence
between the writer and parsonnel of the Human Research Unit served to
clarify problems and masintain s close relation between the model simulator
studies and their counterpart stjdies at Fort Knox. Viiics by Dr. Willard
in March and May, 1958, and a visit to Fort EKnox by the writer and
Mr. Carl Semmelroth to observe the field study, Armornite V, during June,
1958, further aided ocur cbjectivee.

The target, terrain, and illuminetion conditions, and psycho-
paysical procedures agreed upon at Fort Knox in November, 1957, will now
be outlined. With one exception, noted in the context of the outline, we
were able to establish all the required conditions and obtain observations
over the wide range shown.

General interest was confined to night time illumination condi-
tions and the observer's task was to be restricted by the following features:
(1) The observer has (some) knowledze of the type of target to be detected
and its lateral displacement; (2) the target is considered cnly an "enemy"
and determining time for detection is of importance. In additiom to item
(2) above, racognition responses were to be included in the context of
the studies.
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The simulated fiald situation was conceived as that peculiar %o
the tank platoon. This consideration dictated that the maximum displacement
of targats should be restricted to the equivalent of 1200 yards, and, as
wall, that ssarchlight angles of {llumination and displacement froa the
observer should be consisteny with those typical of the tank platoon under
operationsal conditiors.

Considerztios was given to the factor of atmosphere .n the mndes
simmlator situation. Since relatively great interest was expressed in
connection with artificial {searchlight) illumination effects, it was evi-
dent tuat a technical problen existed. In simulating the opticcl effects
of the atmosphere in the absorption and scatter of light two possible teck-
niquas may be used. The first involves generating artificial atmcaphere
by means of alding water droplets and opacities to the actual atmosphere
surrounding the model. The zecond utilizes, instead, a 'veiling luminance”.
This is accomplished by placing 2 partially-silvered mirror before the
obssrver's eyes and reflecting vwith it an avea of uriforw luminance super-
iwmposed over the observer'’s view cf the model. The later procedure is
complately adequate to simulate atmospheric effects occurring between the
wilitary target and the observer. However, it does not simmlate other
effects, such as the appearance of the searchiight beam in passing through
the atwosphere.

Consequently, the first procedure outlined appeared to be the
only acceptable procedure although L:is feasibility could not be attested.
The use of artificisl fog, which would deposit water droplets on the model
also, appeared complicated due to the physical dimensions of the expseri-
zantal room. Previous work had been concerned with simulating dense fog,
end the production of relatively light fogs in this manner still remained
to be investigated. Since it appeared achieving such conditions posed
grave technical problems, it was agreed to conduct the studies initially
with no delsy for the pu~pose of intrzoducing scaled atmosphere. If later
such conditions could be obtained, they should be added, but, in any event,
the resuits of studies were to be realated to atmosphere effects in final
interpretation.

The specific conditions to be siwwlated were agreed upon and
ars showr: below:

A. Taxgets

The folloving targets were to be used singly in a given experi-
wental situation:

1. Medium U.5. Tank (M-48)
2. Armored personnel carrier (M-59)
3. An anti-tank gun with crew

These targets were to be positioned heed-on tc the observer; not dug in
or camofisged. The ant{-tank gun and crew were to be arranged in the open
as a crew #ocking s&round the gun, "getting into position".
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B. Tuorrain Background

1- Homogensous (such as wheat field)
2. Heterogeneous (brush, trees, etc.)

C. Illumination
1. Natural

a. Dark nighc, with starlight only
b. Bright night, with full moonlight

2. Artificial

a. One or more 18-inch tank mouated searchlights
b. PFlare

It should be noted at this point that due to limitations of tims, and the
relative importance assigned by the Huwman Rezearch Unit to item 2 a,
searchlight i{llumination, the studies to hez reported did not encompass

item 2 b, flare illuminstion. The conditions for searchlight illumination
were listed in more deteil than shown sbove. These special conditions
included not only a single sesarchlight at differing displacements from

the observer but alsc, two searchlightsalternately {lluminditing the target
(the latter being under continuous i{llumination). In addition, intermittent
single searchlight {llumination was to be included, and ths illumination
schedules for this and the foregoing condition were indicated.

The general peychophysical procedure agreed upon was to have
the observer make observations at a fixed distance of each target positioned
on each terrain background under each of the {llumination conditions listed.
The procedure was intended to lead to frequency-of-seeing data for each
experimental conditiorn. The obscrver's response was to be tii i with respect]
to detection, and, in addition, he was tn attempt to make & "class" identi-

fication following the detection of a target.

In the studies reported in the following sections we attempted
to adhere as closely as possible to the agreed upon conditions. In additionm,
in counection with other phases of the subcontract, we attempted to relate
our conditions as closely as possible to actual field conditions. Inform-
ation concerning such interreletionship with field conditions will be given
later in this report. And, finally, within the framework of the foregoing
specific conditions, we attempted to utilize the advantages of the model
simulator situation (repeatability of particular conditions, etc.) to gain
as much insight as possiblc into the observer's task, effects of practice,
and stimulus factcrs of importance in s general sense as well as determin-
ing the particulerized target visibility distances for the specific condi-
tions studied.

To present our findings as simply as possible, the material has
been organized into three sectione which follow., 8Section II contains a
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description of the special equipment and general sxperimental conditions
used. Section III contains the results for the series of experiments

conducted within the framework outlined in the present section. In section
III attention will be given primarily to presenting the particular findings
for each condition of observation described. In section IV the results

of the different experiments will be interrelated in a wmore general manmner
and attention will be given to exploring more fully factors underlying the

form of the results.
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II. GENERAL EXPERIMENTAL CONDITIONS

The model studies were conducted u.ing a three-dimensional terrain
model, at a scale of 108:1, measuring approximateiy 20 feet by 20 feet.
This model represents a sample of actusl terrain with hills; wmeadow land,
highways, a river, and & town. The model ir complete with surface detail.
Pigure 1 shows an over-all view of the terrain model, The terrain model
was developed initially under sponsorship of a tri-service contract admin-
istered by The Signal Corps (Project MICHIGAN), for use in earlier studies
relating to the visibility of military targets along ground paths. The
model, as well as certain other equipment, was used by permission of
Project MICHIGAN for the present studies.

The terrain model was located at one end of a room spproximately
60 feet long by 30 feet wide, and 20 feet high. The walls and ceiling of
the room were painted black to reduce stray interreflection of light. The
room itself was made highly light-tight to afford good control over the
low levels of illumination intended. All personnel taking part in the
experimerts and all equipment used were in this single room. Blackout
conditios were maintained during sessions except for the special illumin-
ation introduced.

To isolate the obaserver from the activities of the experimenter,
he was seated on a theatre chair in an enclosed observing booth mounted
on castors. When tne booth door was closed, the observer's vision was
restricted to viewing the terrain model through a cutcut window 30 inches
wide by 20 inches high centered 20 inches in front of him, A shelf
immediately ia front of the observer supported a chin cup and forehead
rest assembly which was intended to make for consistent head positioning.
The obsevver's eyes were L6 inches above the floor. The shelf also held
an intercom unit and a pushbutton box which the observer used to signal
hie detection responses. The use of this equipment will be described
later. Because the observer's booth was pozitioned at varied distances
from the terrain model, several different black cardboard cutouts were
available to fasten over the window of the booth so that in each case the
observer saw only the terrain model. The model was seen approximately
from its left to right extremities, and seen in the vertical dimention
only from the lower edge of black cuitain below the model to a point in
the "sky" just below the ceiling. With these restrictions, the observer
was prevented frow seeirg any of the sources of illumination or the
activities at the experimenter's desk on the left side of the room near
the model.

Figure 2 shows the experimental room in most of its details.

At the right {s shown the¢ side of the observerd booth facing toward the
terrain model in the background. At the left, against the wall, is the
experimenter's desk containing the msster intercom unit and 2 one-hundredth
second electric clock timer associated by a specisl circuit with the
observer's response box. The experimenter's desk was i{lluminated by a
shielded red lamp, which under dark-adapted conditions was adequate for the
activities required. (It should be added that during sessions, the

- 5
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experimenter used only a red filtered flashlight to guide his way to and
from the model {tseif to reduce the possibility of accidentally affecting
the observer's state of dark adaptation.)

Certain other features seen in Figure 2 are of interest. PFirst,
the long white line seen on the floor parallel with the edge of the booth
is a guide line for positioning the observer. An indicstor, sesn precjsct-
ing from the lower left edge of the booth, was at the same distance from
the target as the observer's eyes and by appropriate positioning the booth
indicator at distances marked on the guide line, any desired distance from
a given target position could be obtained. It may be seen that the booth
faced the terrain model from an angle of about thirty degrees. This was
necessay Lacause the model {tself was lowest in its center front and
sloped upwards in all directions from this point. By positioning the
bootz a8 was done, the observer viewed the expanse of the left side with-
out obstructions in the foreground. This portion of the terrain sloped
gently upward going away from him, and terminated in trees at the skyline
on the left leading to the hills on the right. For part of the sessions,
the main part of this area was uniform (as may be seen in Figure 1) and
for the remaining sessions it was made non-uniform with bushes and trees
(as may be seen in Figure 2). The details of the terrain surrou.nding a
target will be found in the next section.

Attertion should be called to the special equipment also seen
in Figure 2. On the left in the foreground, on its tripod, is a special
photoelactric telephotometer used {n these studies. The use of this
instrument, developed by Mr. Benjamin S. Pritchard, will be described
later. Between the telephotometer and the observer's booth is seen one
of the projectors used to simulate searchlight illumination on the terrain.
This i seen with its light shield cover ff. Its arrangement and use will
be described later, also.

In the remainder of this section details will be given concern-
ing the target models, sources of illuminatior, photometry, observers, and,
experimental procedures used.

Target Models: The three targets specified earlier were con-
structed to scale (108:1) and are shown in deteil in Figures 3, 4, and
5. The M-48 tank was mcdified in detail from a commercially produced
scale model (Authenticast) based on photographs and dimensions provided
from the Human Research Unit. The M-59 armcred personnel carrier was
constructed ir its entirety from this information since no commercially
made model was aveilable. The anti-tank gun and crew, consisting of
six men, was asseubled as an integral unit. The two vehicles jiosed an
interesting probiem w:th respect to their color. Since what is termed
"0.D." color rarges over about fourteen Munsell notations, Lt was considered
imperative that our target models corvespond as exactly as possible to the
field tauiks 2t Fort Krox. A ssmple of paint forwarded from Fort Knox by
Dr. Willard was used to secure this coatrol. The actual "0.D." resulting
can be described in Munsell notation as 2.5 yellow, 2 value, and 2 chroma.
(This is in distinction to the unmodified suthenticast color which can
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be described as 10.0 yellow, 5 value, and 2 chroms.) The original tank
paint is a semi-gloss paint but it aprarently abrades on exposure to dirt
and air and the vehicles in the field are essentially "matte" in appear-
ance snd quite dark. Accordinrgly, our models were spray-painted co meet
theee nolcr specificgticns. The anti-tsnk gun and crew were painted with
sinilar paint for the 0.D. portions. The faces of the crew were spproxi-
mately flesh color although in combat probably they would be blackened.
In general, it was felt that detail of the targets should be mrde as
accurate &s poassitle aven though under the intended viewing conditions

an observer's acuity for such detail would be poor.

Sources of Illuminaticn: PFirst will be described the means of
sispclating natural field {llumination, i.e., stuaxlight, and mocnlight.
Ideally, to simulate stsrlight, a sky dome wouli be required. This would
provide the diffuse illumination of the ground typical of the clear night
sky. By reason of practical considerations a sky dome was only approxi-
mated by providing highly diffuse illumination from the ceiling area ovex
the terrain model. T1Tiuls was accomplished by partially covericg the cement
ceiling beams -rith matte white paper. The beams were about six iaches
wide and eleven inches deey from the ceiling. They were spaced about two
feet spart. Since the uncovered portions of the ceiling were painted
black, about ten percent of the ceiling srea was responsible for reflect-
ing light directed vpon it from twn louvres, one at each side of the model.
Each louvre contained a single one candle, six volt, lamp. The lamps were
shielded so that they i{lluminated only the ceiling area. In turn, the
model was 1lluminated by the light refle-.ted from the whole :ceiling area,
and to some small extent by re-reflected light from the walls. A 35 inch
wide wvhite plastic curiain was hung from the -~eiling in front of the
model., This may be seen along the ceiling in Figure 2. This served to add
to the reflected light at the front of the model. The lamps were powered
from a Variac and transformer connected to an A.C. cutlet.

To achieve the lowest level of illumination, ior starlight,
neutral filters of nominal density 1 were positioned wirhin the lcuvres.
When moonlight levels were intended, the filters were removed to sllow a
greater contribution of scattered light to the illumination. Although
the procedure des:ribed did not provide guite enough iiluminaticn from
the front and sides to an object on the terrain, i+ seemed quite adequate
in that no discernable shadows were created and objects appear unifcormly
illumirniated. Under starlight illumination the luminance of the uniform
ground in the target area (as measured along the observer's line of sight,
photoelectrically) was about 10~ foot lsmberts.

Moonlight, in distinction to starlight, is highly directional
in character. To achieve this feature, a light louvre was mounted on a
scaffolding near the resr of the experimental room. T"¢ louvre enclosed
a 300 watt projector lsmp. The light from the lamp illumi rated the model
from an elevation of sixteen feet and at a distance of approximately 35
feet. Two filters were used to achieve the desired level of {llumination.
A Wratten 78 filter altered the spectral composition of the light to
achieve the visusal equivalant: of approximately 5000 degrees color temper-
ature, and an appropriste neutrul density filter further reduced the over-

7
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all level of illumination on the model. A mask in front of the filtaus
adjusted the light pgttern so that it illuminated only the terrain wodel
directly. In use, soms light was reflected from parts of the model to

the walls and re-reflected to the model. In addition, as noted above, the
"starlight” louvres were operated without additionai filters sc as to add
to the diffuse light when "moonlight" simulation was intended. The direct
light from the moonlight lcvvre illuminated the terrain in the target area
at s vertical angle of sbout 20 degrees, snd at un angle separated from
the observer (to his left) of about 45 degrees. Two features should be
noted regarding the mocnlight iliumivation. First, the over-all level
yielded a luminance for the ground, as seen from the observer's positiom,
of approximately 10-3 foot lamberts. This level is quite satisfactory for
the intended simulation (Ref. 1). Secondly, Liowever, the ratio of direct
to scattered light was too great in the direction of the direct source.
The desired ratio would be about 2:1. Our ratio was, in fact, 8:0:1.

This made for more sharply delimited shadows and possibly greater contrasts
under moonlight condivions than would be the case ordinarily. It was not
possible, however, to achieve a better balance between the direct and
scattered light for this case within the time available.

Yor searchlight illuminstion we simulated the 18-inch tank-
mounted sesrchlight which uses a 2500 watt lsap of new design. This lamp
has & four million peak candlepower and an 8-dagree borizontal beam spread
when used in the tank mounted reflector housing. Working from candlepower
distribution data providad by the Human Research Unit, corrector slides
were made on thirty five millimeter film slides which prcvided the Adesired
characteristics of beam spread from Argus slide projectors. The candle-
power distritution attained is showm in Figure 32. The illumination was
scaled according to principles stated in Reference 2. To deterwine require-
ments concerning peak candlepower of the simulated source, the pesk value
for the 2500 watt llng (4,000,00C candles) was divided by the squarxe of
the scale factor (108°), ylelding approximately LOC candles for the
simulation source peak. The objective lens of the slide projector used
as a source was stopped down until the peak reading of light projected
through the corrector slide measured the requisite level in candles. With
the foregoing scaling of illumination and adjustment given by the corrector
slide, the illumination of the model terrain afforded by such a projector
simulated realistically searchlight illumination.

The Argus projectors were mounted on small stands. In front of
«ach projector, there was a solonoid operated flag shutter which could be
opened remotely by closing 4 switch at the experimenter's desk. The
switch was & double throw type and could be J4iternated in its two positions
to allow two such projectors to serially {lluminate the target. If single
searchlight illumination was required, the timing of illumination was
controlled in a simllar mannsr. The projectors were enclcsed by boxes,
except for an opening in front of the leas and shutter, to prevent stray
light from altezring the general iilumination levels.

In simulating the propar ssparation of a searchlight source
from the observor, & problem axose in connection with ths scaling of our
distances. In keeping the searchlight at the same distance from the target
as the observer, it was not posaible to place it closer than about twenty
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inches to his side (due to the presence of the observing booth). Thus an
equivalerf separation of sevanty-five yards could be achieved directly but
smaller teparations could not. Since placing a searchlight simm) riomn
projector in front of the booth displaced it about thirty inches forward
of the observer (equivalent in scale factor terms to 90 yards) it was nec-
essary to employ an indirect means of achieving "on beam" and sxall s«para-
tions. This was done by setting the projector at right sngles to the fromt
of the booth and positioning a front-surfaced mirror st 45 degrees inclin-
ation about two feet in front of the objective lens. The mirrcr reflected
the light along the desired forward path. In this way, the searchlight
beam could be made to nesrly coincide with the observer's line of sight,

or to project along other desired paths., Since some light was lost due

to the mirror, the actual distance from tha source to the target was reduced
slightly to compensate when this manner of operation was employed. Since
the searchlight beam originated il inches from the flcor of the room, the
observer's line of sight was a little higher than the searchlight beam
itself as would be the case for an observer looking from a ositiom on top
of a tank turret. The appearance of various targets under these different
{llumination conditions is illustrated photographically in a number of
figures to be irtroduced in a later section.

Photometry: Throughout the sessions the establishment and control
over levels of liiumination, and the measurement of values of luminance
for selected portions of terrain and targets was accomplished by use of the
photoelectric telaphotometer developed in these laboratories by Mr.
Benjamin S. Pritchard under sponsorship of the Illuminating Engineering
Research Institute. It was necessary to use such a device bascause direct
visual photometry for such low levels of illumination would not b¢ accurats
or even possible in some instances. The instrument consisted of two units,
the photoelectric seasing unit =ud its associatad optics, and the register-
ing meter containing the pcwer source (dry cell batteries). The instrument
allowed its user to view through the optical system and see directly thet
which was to be measured photoelectrically. A reticle indicated the portiom
of the field which would he effective at the photomultiplier depending on
the aperture used as & field stop. A Wratten 106 filter was effactive in
corzecting the spectral s:nsitivity characteristics of the photomultiplier
to approximste the photopic visual curve. It was possible to position
the telephotometer at the observer's location, the equivalent of 1000 yards,
for example, and register selected parts of a target such as the upper
turret of a model tank.

The photomultiplier unit itself could be removed from its housing
and placed on a terrain ares to measure incident light falling on the arsa.
The complete instrument contained a radium-phospher internsl standard
which could be used at ary time to repeat a sensitivity setting and allow
the meater acale readings to be interpreted in physical unit terms. The
instrument could not give information for the worst conditions (lowest
1i-at levels, small target arcas) but could cover a sufficient range that
these conditions can be fairly well understood {r any event.
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Observers: Three observers served during the experimental
sessions. The writer (C.H.), Mr. Carl Semmmlroth (C.5.), and Mr. William
Piclerman (¥.D.). Tie writar observed in every observation condition
reported although, for ressons indicated later, the data obtained for some
conditions are not utilized. In any event, the writer has a basis in direct,
personal rnowledge of each cbserver task posed by the many conditions of
the experiments described in the following section. This experience was
highly desizable to afford continuity between conditions where different
additional observers might be used, and to provide a meaningful basis for
relating phenomenal aspects of the observer's tasks to the varied particular
situations, Mr. Semmelroth observed under most conditions, and, in the
beginning provided a basis for assessing the effects of practice. Prior
to this work he had not had experience as an observer. In addition, he
visited during the field tests a® Fort Knox, along with the writer. His
role included being the experimente: when the writer was observer, and he
had complete knowledge at all times of our procedures and cbjectives.

Mr. Dickarman supplemsnted as obsexver and assisted the sxperimentation
when not observing. His knowledge of the task was not as complete, but
sufficiently so to ensure objectivity during observing., Mr. Dickerman's
beginning observation sessions also afforded an indication of the effects
of practice since he, too, was initially naive as an obsexver.

The visual capabilities of the observers were checked, For
C.H., right eye only, far acuity was 20/18. No measuirable central acuity
exists for C.H.'s left eye, as explained below. For C,.S., binocular far
acuity was 20/22. For W.D., binocular far acuity was 20/18. These
neasures for C.H, and C.5. were with glasses normally worn, and worn during
all experimental sessions. W.D, did not require corrective lenses for
distant vision. During all sessions binocular vision was employed restrict..
only by the window of the observer's booth, described earlier. No unusual
visual defects are noted for observers C.5. and W.D. For the writer,
Lowever, the left eye central 20-degree field is lost due to an old scotoma.
The peripheral field in the left eye is fairly normal. In the writer's
right eye visual field, a small scotoma exists in the lower right quadrant.
This scotoma lieg about ten degrees from the field center and its presence
is phenomenally available to the writer, hence obsarvations can be made
with confidence that the scotoma is not interfering. Because of these
visual defects, foveal vision is monocular but peripheral vision is bine-
cular for the writer. In spite of such defects, the writer felt capabls
of obtaining satisfactory dats, and similar data obtained from additional
obssrvers servad as a check in this regard.

It should be noted that in the expaeriments to follow, that our
approach was that of classical psychophysics. By this is meant that we,
as observers, had cowplete xnowledge of the task and attempted to achieve
complete objactivity in making responses. Conditions, to be described
shortly, were arrangad to provide maximumm objectivity, and it is felt that
such an objective was closely aporoached. Some comments relative to the
foregoing point will be made later when dascribing the experimental
proccdures.
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Experimental Procedure: In deciding upon our general experi-
mental procedure, only one previous model simulator study had any diract
relevance. This study, by Gordon (Ref. 3 differed in several important
respects from the dictates of our sarlier conference agreements as to
procedure. Gordon, studying the relative visibility of militsry targets
along ground paths, had the observer moved continuously closer to the
terrain model until he could distinguish the targets along & line or lines
of sight afforded by visible markers at the model edge. This procedurs
would not be satisfactory since we were to obtain frequeacy of seeing data.
Gordon's targets were sideways rather than head-on to the observer. Illum-
ination was from a single source located in varied elevations and azimuths
to the observer; the illumination was similar to that from s flaxe, but
fixed in position. Certain of Gordon's findir- will be related to our
Tresults later, but it should be noted that our .speriments called for
rather different procedures, and, as well, for a closer relation to speci-
fied field conditions.

Initially the problem of determining whether an observer report-
ing the presence of a target was correct led to a procedure shown tc be
erroneous by exploratory experiments. In view of the paucity of experi-
ments of the present type, the exploratory work will be described and the
reasons for its rejection mentioned. In this context, our final method
may be better justified as the most suitable for these studies.

Our iritial attempt was restricted to the moonlight condition
with uniform terrain surrounding the target., At that time the present
large uniform area of the lower left side of the model was di-ided into
two equal sections differing in ground cover. Figure 6 illustrates this
earlier arrangement. Five target positions and paired alternate positions
were located in the original area. These are shown in Figure 6. The five
positions varied in distance from a given position of the observer's booth
by fixed amounts. In selecting these target positions, care xas taken to
select positions such that uniform ground would surround the target for at
least twice its own dimensions in any direction. The positions chosen
met this criterion, and in fact were the only locations which would aliow
for the experimenter to rapidly place the target on the terrain for each
observation. The experimenter's task was complicated by attachments to
the target to be described shortly.

During a session, after appropriate time for dark adaptation,
the observer was instructed via the intercom to close his eyes. The
experimenter then placed the target at one of the five distances according
to a randomized schedule., On signal, the obsersr opened his «yes and
tried toc detect at which point in the field thare was a target. Concurr-
ently with the verbal signal to begin observing, the experimenter closed
a switch which started the interval timer. When tha observer thought Le
detected a target, he depressed the response button on the box &t his hand
in the booth. This stopped the timer and simultaneousiy closed a circuit
to allow a charged condenser to "fire" & small neon lamp briefly. The
lamp was mounted under the target on the terrain. This was ccnnected by
fine wires to the control circuit. The observer cculd tell by the flash
of the neon lamp whether his response was correct (to a target) or wrong
(to some other visual stimulus in the field).

11
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The procedure seemed sffective and fairly consistent results were
obtained for the “ank as target over several sessions. Exsmination of our
data showed that a aistance could be chosen for the observer from the nearest
target position at which he naarly always datected the target. Performunce
was progressively poorer for the succeedingly more remote target locations.
Further, in the most remote location, the target was essentiaslly invisitle
to the observer.

Two difficuities led to abandoning this procedure. First, the
possible target locations were readily learned in relation to visible terrain
features (mainly skyline characteristics). It than was easy to imagine
seeing & target in a more remote position when it was not visible in a nearer
pouition, (proven by data frox blank trials). More seriously, considering
the amgular sisze of the target, it should have been visible at greater
distances than our dats indicated. Accordingly, check experiments were
conducted in which the observer-to-target distance was the same as for the
earlier sessions with refersuce to the most remote target position, but the
terget ita:1lf was in the most forward location. This check showed that the
target was now almost perfectly detectable and that its earlier loss of
detectability in the more remote position probably was due to its relatively
greatasr proximity to nom-uniform skyline (as seen by the observer). It
appearsd that under these conditions, we had a mixed case in which soms tar-
gets ware in a fairly uniform surround and others essentially in a non-
wniform surrowund., How much separation of the target from discriminable
non-uniformitier would be required for a target to be considered as in a
wiform surround was clearly iwpossible to predict in advance. Our pre-
lininary work showed that we simply had not provided sufficient uniformity
fn the immediate background for some of the targets.

To correct the foregoing situation, the terrain was modified to
provide a greater uniformity of target surround. The grass cover to the
right of the original target field was removed and the entire area between
the road in the center to the trees vn the left hund edge was made uniform
as shown in Figure 7. A new single target position, designated as the
*wid-field" position was chosen such that at any intended distance of the
observer's booth, the observer saw ro obvious lack of uniformity in the
surround for distances up to seversl times the dimensions of the target.
Becsuse of this change, the experimenter had tc position the target well into
an interior portion of the model and it was impossible to do so easily 1if
the neon leamp were atiached to the target. Also, some further exploratory
observation showwd that incorsistent data would result if the distance
between observer and target were varied by sltering the target position,
hance the single target pcsition was dictated. In view of this latter
finding, the use of the neon flasher indicating tha target position was
eliminated and our final experimental procedure was developed.

The final procedure adopted was used throughout all the sessions
frow which date and observations are reported. In this procadure, for a
glven condition of illumination, the target occupied a single position on
the terrain model. Fcr a given series of observations, the observer's
booth was located at a fixed distance, and for this seriec he attempted to
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report the preseuce or absence of the target for each discrete observatiorn.
After the serics was completed, the booth was moved to a new discance from
the target position and arotner series was rum.

With this procedure, the prcblem arose regarding the proportion
of trials in a seriss which should be blank. It seemed evident that one
could not arbitrarily say, regarding the type of errors an observer wmight
pake, whether ¢ false alarm (or false positive) or a miss would be more
gerious under actucl field conditions. Hence it seemed desirable to arrange
the stimzius series to avuid predisposing the observer in either directiom
(aside from his inherent nc.:-randomness). This dictated that during half
the trials of a series, the target should be present and half should ba
blank. Further, it was felt by each oosarver that he could dissociate his
memory of & previous response better if on any given trial the pzobability
of a target being present was the samc as being absent. Accordingly, for
each experimental series, the | surticular target was present for half the
trials following a randomized schedule.

The procedure for each observation was similar to the procedure
earlier. To begin, the experimenter instructed the observer via the inter-
com to close his eyes. The experimenter then went in every instance to the
model and physically touched the target position. When he left the model,
the targec was either present or absent according to his scheduie. Hes then
gave the verbal signal, "ready", over the iatercom, at which time the observey
opened his eyes and looked to the right of the model (out of the target
area). When the observer indicated that he was ready, the experimenter
gave the signal, "begin', and started the interva! timer. The observer then
attempted to detect the target if it was present. When the observer reached
& decision concerning the presence or absence of the target, he pressed
the response button stopping the timer, and indicated his decision by say-
ing "yes" or "no" ovar the intercom. After recording the response and its
latency, the experimenter prcceeded in the same manner to arrange the next
trial in the series. During a series, the observer was not told the corrsct-
ness of his individual responses. At the end of a series, iL was common
tc record phenoweral observaticns of interest, and ordinarily the observer
was informed of his over-all perrormance at this time,

In general, for a particular target and condition of illumination,
we made an initial guess as to how far sway the otservar could be and still
kave some expectation of seeing the Carget. The observer then ran a series
of observations at this distance and if performance was reasonably good,
the distance was increased and a second series run. This was continued
until the distance was Jufficien:ly great that, for a series, the observer's
responses vere dezradad to chance (being "wrong" as often as "right").

Cur data then show;, for a sst of varied observational distances, the relative
reduction i~ frequency of correct judgments ("yes", target present or "no",
target absent) iu proportion tc wrong judgments ("yes", target absent and
"ao", target present).

Some remarks were made earlier concerning our effort to give
completely objective observations. Undsr th2ase conditions an observer
could, of course, kesp track of the number of each of his two catagories
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of response and equate their frequency. We did not do so. During a series
we might be aware that we had exceeded a fifty percent level of "yes" or
“no" responses, but felt definitely that each instance of observation
demanded its own unique judgment regardless of preceding responses which
might be recalled. Alsv, we encountered some conditions in which false
positives were likely to occur and some others in which tuey seldom would
occur (=isses being the rule, instead). We simply let the situation dictate
each response as completely as possible and tried to gain the best possible
understanding of it. During a given session, if the observer felt that
anything was forestalling the desired objectivity he could (and did in some
instances) call off further observations at the time.

A final comment relates tc the measurement of response latency.
During all sessions except those employing searchlight i.lumination, the
observer was allowed as much timc as he required for each judgment. For
the searchlight conditions, the observer was not given unrestricted time.
Instead, each series featured a predetermined fixed time during which the
searchlight or searchlights illuminated the target position. Reasons for
this procedursl change are discussed in the context of the specific experi-
wnts.
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III. EXXPERIMENTAL RRSULTS

The experimental sessions may be most conveniently organized for
reporting in terms of, first, terrain background, and, second, mode of
i1llumination. With this organization, comparisons may be made readily
among the results for the different target types and from the di‘ferent
observers.

In presenting the results from our experiments, the main data
are shown in tabular form. Por each condition, in the order introduced
in the text, a table shows the frequency of response dats snd, except for
the searchlight conditions, the time for response (latency) data. In
analysing these data for discussion, a statistic is derived (also shown in
each dats table) which is used for illustrating the chenge in target detect-
ability under the particular experimental conditions employed.

Since the statistic referred to, above, was developed for the
purpose of thege experiments, some discussion must be given to its rationale
before proceeld‘ng,

We may begin by considering the results of one group of se3dsions
by way of illustration. These sessions, shown in Table I A are for the
M-48 tank in a uniform background under starlight only. The responses fall
into four catagories: (1) "yes", target present; (2) "no", target absent;
(3) "yes", target absent; (i) "no", target present. The first two cata-
gories are correct responses; the second two are wrong. It may be seen
from the table that at the scaled distance equivalent to 135 yards, the
observer (C.S.) made no incorrect responses. As he was moved successively
further from the target, he made fewer correct and more incorrect responses,
until at 225 yards, he made about as many wrong as right responses. The
charges noted in response frequencies for each catagory are shown in Figure
9 with the open circle points., Each open circle is a nroportion, shown on
the left ordinate for the catagory of response. The cinange with increasing
distance may be noted easily.

In considering how a single value may be used to represent these
changes in response, it might at first be thought that if the proportion
of detections ("yes", target present responses) were corrected for the
proportion of false positives ("yes", target absent responses) a usable
qua.tity would be obtained. Such a procedure would be essentially the
conventional form of data treatment used in a "yes - no" psychophysical
experiment. However, there is now ample evidence (Ref, 4, 5, 6) that
critical problems surround this form of analysis due to questions concerning
the observer's criterion level for responding affirmatively. Without
examining this problem in detail, it may be noted that our experiments
allowed fg a high proportion of false positive responses, and were done undaé
conditionsAfhat criterion shifts were almost inevitabie. In connection
with the latter point, comments will be added later concerning the physical
conditions which literally forced such changes upon the observers.
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In general, it was felt that a highly ambiguous measure would
result for our data if the detection proportion corrected for talse positive
responses was used. Alternatively, it was felt that our data might more
meaningfully be interpreted in some other terms where their characteristic
features entered a single representative quantity in an unambiguous manner.
These consideraticns led us to think in information terms, where the sassump-
tion is made that we can take the technical sense of information and consider
that it has a2 reasonable counterpart in the conventional sense. Granted
this assumption, we can treat our data for the specific information content
of the set of responses “or a given condition and arrive at a measure cf
stimelus information to be gained from knowing the responses.

The basic derivation, due to Dr. Wilfred M. Kincaid of these
laboratories, leads to the following equation:

M =1 +3.32 [-B(Y) 1og P(¥) - P(N) log B(K) + B(SY) log P(S¥) +
r(sn? log P(SN) + P(S'Y) log P(S'Y) + P(S'N) log r(s'uh

In which

M = stimulus information gained from knowing the response (the
representative quantity to be used)
P(Y! = Proportion of "yes" responses to total responses
P(N) = Proportion of "mo" responses to total resporses
P(SY) = Proportion of "yes" responses made when a target was present,
to total responses
P(SX) = Proportion of "no" responses made when a target was present,
toc total responses
P(S'Y) = Proportion of "yes" responses made when a target was abseut,
to cotal responses
P(S'N) = Proportion of "no" responses made when a target was abs:at,
to total responses
Constant to convert to system of logarithms base 2

3.32

Under the terms of the foregoing equation, if the obse'ver always
responds correctly, maximum information is gained from his resprmses con-
cerning the presence or abgence of the target. Since the targ/.t was pre-
sented during half of the observation trials, the maximum valie for a trial
would be one bit as an information quantity. It may be show., also, that
1f the observer always responds "yes" (cr "no") or, if he rr.sponds correctly
and incorrectly equally often, M goes to zero indicating tlat no information
is obtained concerning the stim:lus knowing only the obsc’ver's responses.
It is the case, too, that if the observer is always wron;,, maxima inform-
ation results which should not be surprising (although rhis did not occur
during our experiments). Some further features of the atatistic and addi-
tional comments are given in Appendix B. For purposer. of further descrip-
tion of results, the information quantity, M, will br. used as defined in
the foregoing equation. Returming to the data show. in Figure 9, the value
of M, shown on the right hand ordinate, is plotted for the set of responses
at each observing distsace. It may be seen that st the nearest distance,
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135 yards, the observer gives maximum information. As he was placed
successively further from the target, the valus of M falls until at about
200 yards it reaches a value so low as to be no information at all. In

the material that follows, the information quantity M will be used to
represent observers' levels of performance, and by direct implication, target
visibility, as the¢ dependent variable in graphic representation in a manner

siwmilar to the foregoing example.

Besults from the specific sets of experiments follow. These
results deal with detection only, and information concerning target identi-
fication is given in a later section. Photographic {llustrationgfor several
different experimental conditions are contained in this report. Not every
condition conld be photographed. Reference to these illustrations will be

made at the appropriate points,
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A. Experiments With Unifcrm Terrain Background

(1). Starlixht Illwsination
X251

An ipitial set of experiments studied the targets under this
condition with three nbservers. However, a serious error in procedure
was brought to light and these data were discarded. The condition was
repeated with C.S. as observer and the results sre expressed in Tables
1A, 8 and II A, B for the M-48 tank and M-59 APC targets. Tables I A
and II A show the frequency-of-response data, and Tables I B and II B
show latencies for the respective conditions. In Tables I A and II A, the
figure in parenthesis following each frequency of response figure is the
proportion for that frequency to the total number of observations. Similar
tables are given for the remaining experimentai conditions. Figure 10
shows graphically the results for this condition. The illumination was so
low that the anti-tank gun target (referred to as ATG hereinafter) could
not be seen from the observer's booth at the nearest practical disposition
on the terrain which means that its visibility distance would be less than

120 yards.

From Pigure 10, it may be seen that the tank and APC show a very
similar pattern of loss of visibility with increasing distance. Both remain
fairly visible to about 190 yards and then rapidly are lost to the observer.
It should be noted that in the terrain position used, the targets were about
ten inches (equivalent of 30 yards) lower than the observer. When they
were nearer, he responded to a disproportionstely larger target since he
could see more over their top. The targets could be seen only in peripheral
vision and eppeared as indistinct black lumps against the faintly visible
ground. The presence of any non-uniformities (as will be noted later) made
the observers task completely imposaible, It is inte.esting to note that
under this worst condition of visibility but with a uniform surround for
the target, its visibility remains fairly good as far as it does. Discussion
of the point will be given in & later section, but ic may be noted, now,
that the target here acts much as in more basic psychophysical experiments
with reference to angular size cf the target and contrasts present.

(2). Moonlight Illumination

Tables III A, B, IV A, B, and V A, B show the results for the
tank, APC, and ATG targets respectively, under moonlight illumination.
Figures 11, 12, and 13 show these results in graphic form. Figures 21 and
22 show the vehicle targets for this condition. It may be noted thkat under
moonlight, the tank does not appear to be highly visible to observers at
any distance shown. The nearest distances employed in this instance were
the first found, informally, which did not yield high or perfect detection
levels. Hence at TOO yards, for C.H. and C.S., M would have been 1.0.

This was true for W.D. at about 600 yards. Beyond these distances, perform-
ance wvas less than perfect as shown in the figure. It was noted for this
target and the others as well, that it was detected entirely in peripheral
vision as a dark target. EKssentially, it was a black blob which, at
increasing distances, was very hard te pin down and was never seen with
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high confidence. In the later discussion section, more consideration will
be given to the pheromenal aspects of the target.

The APC target appears generally to be a little more visible than
the M-48 tank under these conditions. This finding is reversed for later
searchlight conditions. Greater observer variation is seen alsc for this
target. It may be noted that observers C.H. and C.S. show & reversal ian
the trend of their data. This corresponded to a real reversal of a pheno-
wenal nature. For both observers the target at first became more difficult
to see {(with increasing distance) and then, at a particular distince, became
anomolously visible. With further incresses in distance, the target becume
impossible to see. A similar phenomenon was noted for the ATG target
although it is not as well reflected in the data. By way of accounting
for such reversal, it may be noted that while the target surround was
relatively uniform, it was not absolutely so. Thus, at & sufficiently
close distance, the observer saw some non-uniformities in his field of view.
By virtue of the relation of target size (and shape, probably) these residual,
non-uniformities were not easily confused with the target. However, as
the viewing distance was increased, the target became less distinct and
greater confusion was possible. However, since the non-uniformities in
the fieid were minimal, it is probably that with even greater observing
distances, they went below threshold leaving the target somewhat more visibl
because it was then in & virtually uniform background in comparison with
the earlier situation. This would give rise to the anomalous result noted
and attest to the complexity of the perceptual task. The question as to
the greater visibility of the APC compared with the tank is reserved for
later discussion.

The ATG target, as shown in Figure 13, is considersbly less
visible than either of the vehicles used. One obgserver, W.D. continued
to report the presence or absence of this target with some accuracy at a
surprisingly gceat distance, but in general from LOO to 500 yards, it was
essentially undetectable, As with the other targets, this was detected
only peripherally and was oniy a dark target.

(3). Searchlight Illumination

Under these conditions, the targets were illuminated by a single
searchlight eithter (a) along the observer's line of sight, or (b) displaced
from the observer the equivalent of 75 yards. The searchlight duration
for a given observation was 1, 2, 4, 8, or 15 seconds. Also, twu search-
lights were used each displaced the equivalent of 75 yards on the right and
left of the observer respectively. The two lights alternately illuminated
the target ac a l-second flicker rate and provided continuous illumination
for 2, 4, 8 or 16 seconds. Figurez 23 and 2 1llustrate the sppaarance
of the APC and the anti-tank gun and crew target illuminated by a single
searchlight displaced to the right of the observer.

Under all these conditicns the tank and the APC targets were
always detected even at 1500 yards range. For this reason; extensive data
were not obtsined. The ATG target, being smaller and more irregular in
shape, was never detected at 1500 yards.
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Considering the ATG taxget further, when the observer was moved
to 1200 yards from the target and the searchlight was diuplaced 75 yards
to his right, the target was detected €airly esasily for searchlight dura-
tions as short as 4 seconds. With further reduction of the duration of
illumination, performance became poorer as shown in Table VI. Two features
of the task were noted. First, the target itself was not detected, but
instead its shadow, thrown to the left was seen. This was in distinction
to the fairly visible outline of the vehicle targets in addition to their
shadows. Secondly, the anti-tank gun and crew probably could be seen at
somewvhat greater distances if sufficient time were allowed. The effect
of reduced illumination time was to given the observer too little time to
seek out the target. There were few false positive responses. If the
cbserver Lad time tc find the target, the response was definite; if not,
there was nothing else which could be confused with {it.

One further set of observations was made with the ATG target
under these general conditions. For these, the searchlight was along the
observer's line of sight. At 1200 yards, the target could not be seen at
any duration of the searchlight. When the observer was moved closer to the
target, it suddenly became visible at betwren 909 and 1000 yards. This
appeared to occur because at this distence, the shadow of the target,
previously concealed behind it, became visible over the top of the target.
In fact, the shadow outlined the target very plainly making it highly
identifiable in comparison to when the shadow was visible only as thrown
to the side by the earlier searchlight condition.

The effects of searchlight flicker were studied informally in
the foregoing conditions. It appeared that the targets were so visible
under all the searchlight configurations that it would he more profitable
to reserve extensive study for these targets in non-uniform surroundings.
Under such modified conditions, usual field conditions would be more nearly
approximated and the results should have more applicability. It was noted,
however, that with flicker the observer gained an advantage in that the
target shadow "wig-waged" and became a little more noticeable. The question
remained at this point as to whether, with other objects in the field which
would become more noticeable, confusion might occur with flicker. Inform-
ation relating to this point is given in a later section.
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B. Experiments With Non-Uniform Terrain Background

For these experiments, the terrsin was modified to add bushes
and trees in the areas shown in Figure 8. The observer locked for the
targe: iz a fairly clear alleyway of vegetation. Three target positions
were used, also as shown in Figure A. The different target positions
permitted an evaiuation of differing degrees of non-uniformity of immediate
surround. The target in the "wid-field" position, used in the moonlight
and searchlight experiments just described, was still seen with a fairly
uniform surround. Brush and trees were closer for the "upper field"
position. When in the "tree position”, the target was seen against close
background of vegetation.

(). Moonlight Illuminc on

Results for sessions with the M-48 tank target in the mid-field
position are given in Table VII A, B and in Figure 14 for cbserver C.H.
The appearance of the target is seen in Figure 25, This figure may be
compared with Figure 21 to note the changes introduced by the terrain
additions. This condition is completely similar to the earlier conditiom
except for the non-uniformities added to the terrain. For this reason, it
permits a comparison of results showing the effect of the non-uniformities
added. The present results show that the target is fairly visible up to
500 to 600 yards in the moonlight alone. Beyond this, it loses detecta-
bility and by 700 yards, is essentislly not detected. Referring to Figure
11, the seme target and i{llumination with a uniform terrain, it may be

seen that at even 900 yards, the observers were still responding with
fairly good accuracy.

(2). Searchlight Illumination

A much more thorough exploration of the effects of searchlight
illumination was carried out for this condition of terrain than was done
eariier. Because there are several variables which can be maaipulated in
this situation, the results can be organized in & number of different ways
for presentation. For this reason the gseveral remaining tables will be
cited first, and date drawn from them for more meaningful graphic presenta-
tion. Table VIII gives such data for observer C.H. and C.8., for the H-k8
tanl’ in the upper field position and several distances from the observer.
The various searchlight configurations are shown in the left hand column
of the table. SL-C means that the searchlight was projected along the
obgserver's line of sight. If the searchlight was displaced from the obser-
ver, this is shown as to distance and direction of displacement. The
flicker conditions all used the same displacement of two lights. One was
the equivalent of 75 yards to the left and the other an equal equivalent
distance to the right, For the flicker sessions, the First figure is the
duration of a single light flash and the sc:omd,the total continucus time
of illumination. Table IX shows similar information for the tank target
in the tree position, for observer C.H,

2l -

[ —




r——  The University of Michigan . Engineering Research institute ——
2699-1-F

Table X shows rasults for the AFC target in the upper field posi-
tion in a like mimner for observer C.H. and C.8., and Table XI gives this
informatiocn for the target in the tree position. Data for the remaining
target, ths anti-tank gun and crew are shown in Tabie XII for observer C.H.

Iilustrations of the appasrance of ths vehicle targets illuminated
by a single searchlight displaced to the obsarver's right are shown ir
Figure 26 - 29, Figures 26 and 27 show the tank ir the upper field position
with the searchlight displaced 75 and 150 yards respectively. Pigures 28
and 290 axe similar illustrations for the AIC target. Smaller displacements
for the searchlight cammot be photographed yeadily since the camera must
ba closer to the target than the searchlight,hence interferes with the
illexination. Illustrations are not shown for targets in the tree position
since they are practically impossibie to distinguish in a photograph at
this location.

Combining data from Tablee VIII and IX for the most mesningful
compariizon leads toc Figures 15, 16, and 17, Figure 15 shows the change
in visibility for the tank with increased distanca of the observer from
the target. This comparison is for the condition in which the target is
in the tree position, illuminated by a single searchlight along the obser-
ver's iine of sight for a duration of L seconds per observation. It may
bs seen that under these conditions, performance is fairly accurate at
1000 yards but gets progressively poorer with increased distance.

Since the foregoing information is all for the searchlight on the
observer's line of sight, the effect of varying its displacemant from the
observer is tc be shown next. We selected the single observing distauce
of 1350 yards since performance was relatively poor (M = .193) ,with che
expectation that displacing the searchlight from the observer would result
in some degree of improvement. Figure 16 shows our results arranged to
show such effects. Two durations were employed. The first we empoyed was
b seconds. As anticipated, performance improved being as good at 40 yards
s it subsequently was at 75 yards displacement. With greater displacement
there was soms loss i{n performance which will be commented on later. It
is possible to show the affect of flicker, here, also. The single point
labeled 1-sec-F, k-sec-total is shown for this purpose and is noticesble
lowsr than the 4 second continuous {llumination curve at the 75 yards
displacement,

The second curve labeled 8-sec duration in Figure 16, is not in
error although it at firs: might appear so. After results were at hand for
the h-second condition, the 8-second condition was employed to assess such
further improvement as could result from additional time to search for the
target. Instead of improvement, the opposite occurred., This result was
sufficiently startling that it was checked with additional observationms,
as was done for ~ertain of the points on the k-second curve. The finding,
to be discussed more fully later on, held up in that additional obser-
vation tiwe simply degraded performance for this target under these condi-
tions.
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Considering that the foregoing results might be due to unique
civcumstances in which the tree background became more confusing with addi-
tional observing time, the effect of both duration of the searchlight and
the background were asscssed with the target in the upper field position
«# shown in the next figure, 17. In this figure, the target distance is
tixed at 1512 yards. it was necessary to use the extrems distance becamse
at nearecr distsnces, performance for the more open upper-field target
position would be practically perfect even at the shortest searchlight
duration. In this analysis, curves are shown for each target pcsition and
performance is plotted as a function of searchlight duration. For both
target positions,increasing the duration of the searchlight illumination
only leads to ‘mprovement of ths observer's performance. The difference
in visibility for the target for the two locations in the terrain is quite
marked. Also, it may be seen that the greatest gain in performance is for
the target in the more open positior and occurs meginly within 10 seconds.
Further comment will be made later ralative to the latter point.

The dashed line curve shown in Figure 17 allows a comparison of
searchlight flicker at this point, also. The flicker data, also, are for
the target in the upper field position. At the tocal illumination times
of 4 gnd 8 seconds, performance was definitely better than for equal contin-
uous illumination durations. The shadow of the target quickly "wig-waged"
the observer tc a detection from this relatively open locsa*ion in the
terrain., With 15 seconds total flicker at the l-second rate, the task
became phenominally more difficult as reflected at the right of this curva.

Considering next information for the M-59 APC target, data are
shown from Tables X and XI in Figure 18, 19 and 20, In Figure 18, the
visibility of the APC for two conditions of searchlizht displacement (SL-C
and SL-75-R) is shown as a function of distance of the observer from the
target. It mgy be seen that with the sesrchlight projected on the obser-
ver's line of sight, the target is detected only poorly as close as 1000
yards compared with the {nstance where the searchlight is displaced75 yards
to the right of the observer., For the latter situstion, performance is very
good to nearly 1200 yards and then drops very rapidly to bacome as poor
as vitn the first configuration of the searchlight. In general, the ARC
is less visible than the M-48 tank and ressons for this will be given in
& later discussion., It was possible to graph two additional points for
flicker conditions in this figure, also. With l-second flicker, perform-
ance 1s noticeably poorer than with continuous illumination for the same
total time., When the flicker rate is decreased to two seconds, performance
improves, From Table XI, it may be sean that if the 2-second flicksr is
continued for a total of 8 seconds, performance becomes perfect,

The effect of d/ffering searchlight durations are shown in
rigure 19 for the APC targst. Data are thown for two observers. For this
target position, increased duration resulted in improved detection. Two
aets of flicker observations are shown also. Again, for a target in the
fairly open upper field pcsition, some improvement is noted for flicker
compared with the condition of continuous illumination.
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Figurs 20 shows the sfiect of searchlight displacement for the
AIC target. In Figure 19 it already has been shown chat a substantial
isprovement in visibility resulis for this target wiaen the searchlight is
displaced 75 yaxrds to the right of the obscrver, ccmpared with the SL-C
arrangemsnt. 7Ths present Figure indicates that the improvement results
prinsrily after disp’acementsof about 60 yarde nave occurred. With further
displacemsnt of the searchlight, as with the tank target, some loss of
visibility appears to take place. Also, as with the tank target, the
snalomous result that doubling the duration of the searchlight i{llumingtion
produces a reduction in performance level for the observer is noted,although
to a lesser extent.

Final results concarn the anti-tank gun and crew target. Data
for the limited stuly given this target are shown in Table XII. From this
table it may be seen that at approximately 900 yards the visibility of
this target in the fairly open upper field position ranges from good to
poor depending on the searchlight duration and displacement. The best
results were obtainad from the flicker condition shown. However, increasing
the observers distance only an additional 200 yards made the target very
difficult to detect. Waen the target was placed in the tree position, it
beca.s impossible to datect at all even at much closer distances. Since
the target was fairly visible at as great as a range 1200 yards under
searchlight illumination on the earlier uniform terrain, the effect of
concealment for this type of target by vegetation is fairly well demon-
strated. In the case of this type of target, if there are nearby bushes
or treas, confusion results; viewed against bushes or trees, such a target
readily blendsr, into the background ss neither the tank or APC can do.

The final comments {n this section concern the response latency
data shown in certain of the preceding tables. In order to keep this
report within some limit, no detailed analysis will be presented of these
data although they will be considered further in rhe next section. It
may be seen on inspection that the average times taken by observers was
fairly consistent depending on the catagory of response and the difficulty
of the immediate observing task. The shortest response times are seen in
general for '"yes", target present' responses while the false positive,
or '"yes”, target absent' responses generally take as long as a correct
or incorrect "no" response. All responses tend to increase in latency as
the observer's task became more difficult due to increased observing
distance, with the correct positive responses increasing the most. Over
a variety of conditions it may be noted that the range of average latencies
was from as short between 5 and 10 seconds to as long as 50 to 60 seconds.
The three observers differed in latencias typical of their responses.
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IV. DISCUSSION OF RESULTS

First to be considered are the results from ths starlight end
moonlight conditions. It was noted eariier that under these conditions
taxgets were phenomenally darl targets (relative to their background).

An observer was able to detect them only by using peripherzl vision. An
observer's ability to do this secemed to depend upon some kind of scanning
technique in which a distirguishable terrain feature (such sa a particulsr
patch of tree«s in the extreme background) was used for relativs orientation.
Whea attempting to judge the presence or absen:e of ths tsrget, the observer
scanned in the direction of the orientation feature of the terraii. but
attended to the pecipherally aroused densatiocis in the area where the tarzet
should be. Scanning was recessary bacause of the generally indistinct
appearance of terrain features even undsr moonlight., It should be added
that since between the observer and the model there was essentislly & void,
nearby terrain features present 1n the field were not gvailable tc aid
orientation in our simulator studises,.

Vhen observing even a fairly closs target undar these conditions,
it could be held in phenomenal regard only a short time. Fhen the obssrver's
distance was increased, the target tended to appear less frequently and
disappear more rapidly. The limit of a given Larget's visibility was
characterized by such a fleeting appearance that the observer generally
lacked confidence in his judgments entirely. All observers were impresssd
by the "noise" inherent under these conditions. Although the terrain
appeared uniform in the target area, it was very diffuse and the peripheral
phenomena 3ensed often were as convincing when the target was asbsent as
when it was present, The task, gensrally, was very difficult.

It was noted earlier that our exploratory experiments of the
tank target in moonlight led us to believe that we had failed to achisve
the maximum distances for detection for the uniform terrain condition.
Foilowing, we developed the altered procedure reported. In connection
with the later findings it was stetsd that the target, under the starlight
and moonlight conditions appeared to behave very much as tsrgets in a more
basic psy:hophysical study for uniform targets against a uniform background.
To supplement this point it may be ncted, from photometric inforumation,
that a reasonable value for the tank contrast w.th its background for
starlight and moonligat would be about -.,50, Coneidering the background
to have a luminance of 1070 foot lamberts snd given thias target contrast,
the minimum vigual angle for the target to be detectable at the 50 perceat
level of probability can Le estimated crudely from isual detection data
(Ref. 7). Under these conditions, about 40 minutes of arc represents the
minimum detectable angular size of a target. This would correspond to
the APC or tank asbout equally well st gbout 300 yards froa the observer.
Under these conditions our targets remained vigible to slightly over 200
yards and were stili detected very occasionally at 300, The complexity
of having no discrete fixation point for the obaserver and having, actuslly,
& relatively non-uniform field of view (compared with the more pure psycho-
physical case) make for losses of detactabiiity of about the order to
gccount for our results.
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& siwilar snalysis made for moonlight conditions shows that the
thresiiold detection angle would be about T minutes of arc. This would
corraspona £o the width of oms of our vehicle targets at sbout 16850 yards
range., Again, rasidual non-uniformities in the field of view, lack of
disciete and consisteutly optimal orientation, snd other complexities can
be cited to account for noi reaching such an extrems visibility distance
undar this condition of our study.

However, under the sabove mentioned conditions we have showm
visibility distances approaching limits of clLserver sensitivity. These
results sxceed the performsnce conventiinally expecte’ - seen, given only
starlight or moonlight illumination, While scme quali: catione will be
nade shortly, our results auggest *hat certain obsarver capabilities along
these lines might be worthy training objectives, If observers could take
better advantage of existing natural illumination, possible targets may
be located prior to more revealing active observation is initiated using
segrchlights.

Probably at best, under starlight, unaided vision is not parti-
cularly helpful. However, given added s iitory and motion cues under these
conditions, possible targets can be lccated and supplementary optical aids
employed for ths advantsge they might give. Under these conditiomns, wken
a targst seems probable, even a brief duration of searchlight illumination
would mauke the detsction and identification highly certaln.

Under moonlight illumination a greater range of visibility was
seen, The remarks of the preceding paragraph are considerably wore pert-
inent here. The observer can scan a fairly largc target area. Since he
is not revealing his position by deing 8o, an - ilimited time can be
provided, (Actually, for a given area datection may occur in a fairly
si.ort time so observing techniques might well involve discrete observations
in specified sreas). If an observer has had the advantage of previous
reconnaissance under better illumination, the moving of a target into the
area may wall bs seen by him within the iimits we have noted. Optical aids
ther mgy be adequat. for complate identification or at least a more certain
detection, At all distances that wmoon illumination is adequate for some
degree of detection, the increase of detectability and identifiability
with added searchlight illumination is very marked (given an optimal
searchlight configuration, of course).

Two additional questions coancarn our findings under these condi-
tions of {llumination. First, to what extent are they representative of
what may be expected in the field, 8econd, what are the roles of training
and motivation to achieve such resuits., Following discussion of these
questions, attention will be given to ths factor of identification and to
the degrading effects of increased field non-uniformities.

With refarence to the first question, sbove, the visit of the
writer and observer C.8. for the field studies at Fort Knox gives some
indication of an answer. Puring the first run of the evening of June 27,
the moon was nearly full and oriented with respect to the target area
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almost exsctly as in ovr simuiator studies, During this run it was possible
to look for sither an M-48 tank or M-59 APC target st distances of 500,

700, 1000, or 1175 yards sfter they moved into positior but before the
searchlight was tucned on. Dark adaptation could not be optimal because

of ths oragerce of the sea~chlight as well as other illuminstion in the
observirg area. Also, there was & mildly dense ground fog visible in the
target ares. However, both the writer and C.S. could detect the presence

of the tsnk or the APC at 500 and 700 yards with the unaided eye. At

500 yazde, detection was certain; at TOO it was poorer but still occurred.

The preceding figures compaxs well with our model study findings
for the non-uniform terrain. Had the ground fog been absent, somewhat
greater visibiiity would have ~esuited although with the highly non-
upiform terrain conditions probably not wmuch improvement would be ssen.

It may be sdded that these tazgets, when detected, were identifiable usiug
saven power binoculars. Firslily, it should bz added that at the field
test and in the model study, tke moon’s angular location relative to the
target poeition and observer was optimal for target detection as may be
inferred from Gordon's s*udy cited previously (Ref. 3).

The rcles of motivation and trsining can only be discussed in
& speculstive manner. Howaver our experiences during the course of the
studies give riss to definite opinions concerning thase variables. In the
first place, it has been shown that trained observers in psychophysical
experiments can perform bettar than naive (Ref, 8). In the more complex
field situation, the differernces between trained and untrained performance
may well be greater. During our esrliest experiments, the writer (already
s "trained" obssrver in the geraral sense) probably achieved pesk perform-
ance during a few exploratory seesions. However, observer C.8., and
subsequently W.D., began observing sessicns relatively raive to the nature
of the task. For four consecutive two-hour sessions, observer C.8. could
not perform better than chanie when he was more than about 650 ysrds range.
Nearly up to this point, hiz responses were perfectly accurate. (One
should note this range in connection with comments to follow concerning
identification of targets, iater),

Following these sessinns, two additional sessions resulted in a
fairly rapid improvement (wizhin each session) in which the target could
be datected at su::essively greater distances, Waen C.S.'s parformsnce
became stable, Le was sble to give some detections at vearly 1200 ysxds
range., His account of the change indicates the learning of appropriate
scanning and fixation techniques and, more importantly, to “tease out”
the phenomenally vague and intsngible target from the unfamiliar visual
displey. Recalling that the observer was not informed of the sccuracy of
his responses during a sexies of observations, it may be inferred that
more rapid improvement woulc result with immediate reinforcement of
responses, Falrly extersive impzovement was seen, however. Similar
improvemant occurred for observer W.D. and, ir addition; he did not improve
substantiglly until he became willing to respond effirmetively even though
the response might be s false positive. Following this shift in motivation
(or set) his improvement was nearly us great as for C.S. It may be noted
in the figures where data are shown for the other observers in addition to
the writer, their finul pe=formence was as good or better than the writer's.

&
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The pcesibliiity of vairg ¢ mocel sim:lator for training purposes
{2 evident sni shoxid be coreidered. There is, of course precedent in
various i{nstances ir wilitary treinirg rrograms. Once constructed, &
model eimulates offers g valativelv inerpensive and rezadily available means
of presenting information érd promoting s:quaintance with field conditions.
Conditions can be highly controlled. Demonstratione of the capabilities
of an observer as wel. as better exposition of techniques employed are
readily possible. The step is svrprisingly short from a well simulated
fiel2d sitvation to actual fiell conditions.

Using 2 model similato> for training purposas vrequires evalua-
tion, however, in i{¢s own right. Face validity 1s high and, perhaps, has
been misleading in :he past. Eaxlier programs hgve not shown clearly that
any pacticulsr advantage was gairec by observess so *vained. Such failure
in the past h«s been due, in tke writer's opinion. to first, not having
specific and measurable criteria for performgnce as objectives during
trairing, and, gecondly. not having gimiia~ criterie for subsequent evalua-
tion., Cenerally it has been agreed that such devices are interesting and
motivating but the actual 2ffects on field performance have been difficult
if nct iwmpossible to evaluate. Our study, as an investigation of observer
capabilities. is quite specifis as to meacurable aspects of performance.
(In fact, the pattern of a training study was reported a little earlier.
Having at hand performance dats ‘~<: one; trained observer, it was poesible
to continue practice on the part of new observers uncil they had reached
similar levels of performance.) Possibilities for training use certairly
merit considerable further investigation,

In our original outline it was ncted that identification data
wvere sought. The earliest studies showed clearly that the vehicle targets
would always be identified as such without confusion with the anti-tank
gun and crew target. This was because of the difference in visihility
distances involved and because the observer wus generally aware of the
range *o the target area, For the two vehicles under moonlight and uniform
terrain conditions; one set of observations were taken with the writer as
observer to estimate the maximum range at which each vehicle could be
identified, The APC could be distinguished as such out to about 600 yards
and the tank & little further. Actuslly, in both instances the targzets
were only vaguely identifiable at eve~ shorter ranges, due probably because
they were viewed in peripheral vision (about 5 degrees from central).
Within the ranges noted, the tank had « .ague humped appearance vhereas
the APC was squat and more zpread out in appesrance. Beyond the ranges
noted the targete remained readily detectable, as shown earlier; but quite
indistinguishable.

Data presented in Figure 14 showed that the tank visibility under
moonlight in the non-uniform terrain condition was very poor beyond about
600 yards although it had been considerable better for the uniform terraln
condition. This range for detection in non-uniform terrain appears to
correspond to the range for identification noted above. It was confirmed
in the writer'’s experience that when the terrain was non-uniform the task
became essentially an {dentification tssk. Any number of equally detecu-
able visuil stimull were present along with the target and the character-
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istic shape of the target had to be perceived tc sowme extent in order to
achieve any accuracy of responding.

When the nature of the observing tark is considered for the search-
light conditions, the role of target identifiability becomes even more
pronounced, Probably for most conditions when the visibility of the target
used was less than perfect, factors of confusion with other visible stimulil
vere basic to the results. This interpretation is plausible when the detect-
abiility of the targets is assessed as was done eariier for the conditions
of natural {llumination. In Pigures 30 and 31 several figures show the
principal photometric values which can be assigred portions of the targets
under typical searchlight illumination. Figure 31 shows these values for
the APC target illuminated with the searchlight at 1000 yards, displaced
75 yards right of the observer. Figure 23 shows this target much as the
observer saw it. Two aspects of the target are evident as detection features.
The horizontal front panel and treads form a roughly rectangular bright
target against a somewhat darker background. The sloping front panei, not
reflecting as much light to the observer, forms a roughly equal sized rectang-
ular derk target with the background. In addition to the target, its shadow
may be seen and this forms & high ~ontrast dark target with the remaining
background. Considering only the rectangular areas noted, the lighter has
a contrast of about ,70 with the general surroundings and should be detect-
able to an observer at about 3000 yards range on the same line of aight.

The dark target area has & similar contrast of about -.40 and would be
detectable to a distance of about 2100 yards. The shadow obviously would
be more detectable in these terms than the sloping front.

Such an analysis is more difficult for the tsnk and will not be
attempted. Reference to Figures 26 and 3] shows simiiar but less well
defined areas of high contrast with the background and within the target as
well. Consequently, such analysis 1f successful, should show this target to
be detectable well beyond the maximum range of iaterest. Of course, if both
the observer and the searchlight are moved further from the target the back-
ground level is reduced. To some extent contrasts may be changed also.
However, this reduction in level of illumination would still lsave the
vehicle targets highly detectable, especially if their shadows are visible
as well.

If the targets are detectsble, in principal, at ranges where we
have already shown their visibility to be quite poor, then the loss of
visibility must be accounted for. Our data shown for hoth the tank and the
APC in tha successive mid-field and tree positions support the contention
that as the background beccmes more non-uniform -"1sibility suffers. To the
obgserver, the task becomes an identification task because not only can the
targets be detected but so can everything else in the immediate surround.
The problem becomes that of distinguishing the target from the other objects
seen. For the tree position this is very difficult indeed. These terrain
conditione, incidentally, were very similer to those of the field atudy at
Fort Knox; our informal observations in the field with searchlights compare
closely to our resuits from the corresponding conditions of the model study.
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Two results for searchlight conditions were noted which may be
explained more adequately now. Pirst, it was noted that the tank target
wvas more visible than the APC under searchlighc illuminstion. This was
particularly true for the targets in_the tree position. Reference again
to Figure 31 shows that the luminancg,tree background was somewhat lower
than the terrain ground itself. In this location, the sloping front of the
APC goes to lower contrast with the background. Also, the vehicle shadow
may be lost duec to additional ground shadows. This leaves only the smaller
ares of the vertical front panel and treads to be detected. When one success
fully locates the front panel under these conditions, it is fairly visible.
However, its dimensions are smaller in proportion to distinguishable aspects
of the jsurroundings and much harder to find. Visibility was lost accord-

ingly.

The tank, on the other hand, has its internal contrast features
distributed to form a single pattern. Perts of the tank might become low
in contrast with the tree background but the over-all pattern would not be
changed. Also, the tank being a taller vehicle tends to overlay its shadow
on the tree background more than the APC. Consequently, it seems reasonable
that the tank should be more visible under these conditions than the APC.

In the variation of searchlight duration described earlier, it
was noted that for the most non-uniform terrain condition, there appeared
to be an optimal cbserving time. Increased time beyond this amount actually
appeared to handicap the observer. The writer's experience tells what
happened. When the searchlight came on; the target area was quickly scanned.
The mosc likely thing to look like a target was, of course, tne target
itself. Hence, if enough time was afforded to scan the target area, the first
fmpression was likely to be corrsct (regarding the presence or absence of
the target). If more than this time were allowed, there were many parts of
the target area which could be imagined as a target. The tree position
target location was a veritable "ink blot" situation for targets if one
studied it for any length of time, Hence; given the additional time, the
observer formed a judgment and then tended to lose confidence in it before
being required to state it. This led to definitely degraded performance.

Probably the optimal duration would vary among observers and with
the specific situation. If knowledge of the probable target location is
good, some fairly short duration of the searchlight flash may not only be
adequare but best for the task. In our studies knowledge of target location
was high. We always found; however, that a searchlight l-second flash was
too short to scan within the area illuminated, and 2 seconds quite marginal
in the same respect. A flash of 4 seconds appeared optimal, as noted, for
targets located in the tree position. For the upper field condition, greater
visibility ranges were obtained and it was evident that 4 seconds of sesrch-
light illumination did not lead to &s confident judgments as when 8 seconds
illumination were provided. Doubling the searchlight duration again led
in no case to any further substsntial improvement on the tasks. It is the
writer's opinion, based on these studies and observation at the field tests
that from 8 to 10 seconds is adequate for any attempt by a solitary observer
to judge the presence or absence of a target in the beam of the searchlight
1f the probable target locations are reasonably easy to identify.
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The effect of flicker probably mevite much further study. Some
conclusions can be drewn from our experiments, however., For targets in
the open, flicker rather definitely improves detectability due to the "wig-
wag" effect. In part this may be due to the fact that the shadow of the
target may be detected more resdily than the tavget itself. Many times it
is probable that only the shadow is seen. Under flicker conditions, the
shadow sppears alternately at one boundary then the other boundary of the
target. Under these conditions. two borders of the target are seen in
succession; and the target is more resadily perceived as such; the shadow,
moving with flicker, is not misperceived &s & substential object. With
non-uniform terrain;, however, the asme fi:ctors may make every bush and large
=ock ejually improved in visibility end lead to poorer observer performance
ingteand.

Cur experienze with flicker showed that it required some getting
used to. Tnitially, when one searzhlight came on;, the observer would scan
forward slong *he ground path of the light beam. As this went off and the
other searchlight came on, ha turred his direction of sight to scanning the
second ligrt path, This resulted in zonsiderable overshooting and retracing
which was confusing as well as fatiguing. With further experience, however,
observers found that they simply dire:ted their line of sight towards the
terrain and within the first two alternations. would lozk-in on the common
area of illum ration. In this regard, the l-second flicker rate was always
uncomfortably fast whereas the 2-secord =ate was quite ecceptable. As noted
earlier; when flicker was continued very long {15 seconds) the observer
became confusecd, This probably was due to losing fixation within the field
and returning to the less efficilent beam-scanning behavior; at least in
the writer’s experience, such a tendency was compelling on the long durations
of 1l-second flicker.

Final consideration will be given to the effects of differing
searchlight separations from the observer. In nearly all our experience,
increased sepsration from searchlight to observer results in improved
target visibility up to about 75 yards separation. Beyond this displacement,
there may be some loss. In our experiments we did not have the effects of
atmospheric light from the searchlight. For the conditions of no displace-
ment betvween observer and sear:zhlight; we have obtained artificially high
detection levels since under these conditions, the observer must look through
a substantial veil of back-scattered light, This veil would markedly reduce
contrast for the target and also affect the observer visually {adaptation
level, pupil responses, and "eyeball" veiling glare) in a very adverse
m&nner .

While observing during Fort Knox field tests, the writer was able
to detect a tank at 500 yards by moonlight slone. When looking at the
same target along the searchlight beam (from the first adjacent platform)
the target barely could be made out at all. The writer then attempted to
assegs the range of this interference by moving to a platform about 10 yards
displaced. From this vantage point the immediately adverse effect of rhe
searchlight seemed drastically reduced. Of course, the extensive data of
the field stuly bear more formally and sdequately on these coneiderations.
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From the observations described, however, it would seem that insufar as
our {llumination scaling was done correctly, the searchlight displacement
findings are probably adequate axcept for the SL-C conditions since the
task confronting the observer seems to be a complex {dentification task
rather than & simpls detection task. In other words, most of the stimuli
may be far enomgh above detection threshold levels under the conlditions
of our study that the back scatter from the seaichlight would interfere
seriously only in its immediate neighborhocd. (Some further information
of this point is treated in Appendix A.)

As noted earlier, because of limitations of time and relative
erphesis given tu studying searchlight forms of illumination, no study was
given to flare illumination. Gcrdon's research (Ref. 3) is directly rele-
vant to flare conditiuns. In general, he found that wher the flare was
directly behind either the observer or target, its visibility was best.

As it vas displaced to the side, in azimuth, visibility decreased. Cownpari-
sons cannot be made between Gordon's end our study to assess relative per-
formance under searchlight and flare illumination. Such relationships
probably are worthy of further investigationm.
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APPENDIX A

In order to relate the model simulator studies bettei with field
test dats, documentation was obtained for the inherent luminances of targets
and their backgrounds as used in the field tests. This documentation,
carried out by Mr. Pritchard of these Laboratories, wss obtained u2ing the
photoelectric telephotomster to measurs directly the luminances of targets
and backgrounds under the field conditions employed.

Two Fpoints of comparison may be madse from this documentation.
First, the degree of correspondence for levels of {llumination established
for the model may be compared with that occurring in the field., Secondly,
comparison may be made of relative contrasts for sslected portions of the
targets and backgrounds.

With regard to the first comparison, sbove, only two sets of data
from the field tests providz the desired information. This was because at
the time documentation was obtained in this regard, following the actual
tests, & limited number of target conditions had been studied when the last
remaining 2500 watt searchlight lamp burned out. T\ e remaining documentary
data were cbtained using a 2000 watt lamp and although the contrast inform-
ation is of use in comparison with model simulator conditions, no absolute
comparisons are possible.

The sets of documentary data obtained when the 2500 watt lamp was
available provide the comparisons of inherent luminances appearing below.

A, Tank, 1000 yards, observer Post 6 (separated from searchlight approxi-
mately 140 yu'dls
(luminance in foot lamberts)

Model Study
Area Measured Field Study (SL75 R)
L Track .0090 L0154
Center 04T .0088
R Track L0104 .0183
Turret .0058 .0150
L Bkgnd .0106 .0170
Tank Shadow .0029 0015
R Bkgnd L0104 O18
Top Bkgnd .0022 .0150
Bottom Bkgnd .001% L0154
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5. Teuk, 1000 yards, obsexver Post 1 (adjscent to searchlight)
Model Study

Ares Megsured Fleld Study ‘ﬂ.-c)
L Track 0780 0162
Center 0685 Ol3k
R Track OThh Ok
Turret 0658 01hé
L Mkgnd 0780 0185
R Bkgnd 0780 0150
Top Pkgnd .0560 0150
Bottom Bkgad 0780 .0166

Examination of the foregoing information shows, first, that fairly
close correspondance results when measures were taken with the sezrchlight
displaced at its maxi=um distance from the observer post. The luminance
values shown for the model target sre approximately twice corresponding
measures taken in the field. It is possible :’.at greater accuracy could
be achieved in the model study in srianging the searchlight besm to center
exactly on the target and {lluminate it with peak candle power. This
poseibility, at least, 13 consistent with the difference noted.

When the messures were taken with the searchlight very little
displaced from the observer post, shown in the second set of data above,
the luminance values obtained for -the field study are about a half log
unit greater in each instance cowpared with corresponding measures for the
model simulator. This result is indicative of the effect of light back-
scatter at positions adjacent to a searchlight. The telephotometsr, in
the fiald, received s considerable amount of back-scattered light which
increased the apparent luminance for selected target areas, and, as well,
reduced contrasts batween these areas. Due to the absence of scaled
atmosphere in the model studies, these effects are not seen. Although the
luminance values for target areas are higher, they are very little higher
for the SL-C condition compared with the SL 75 R condition.

The field data obtained using the 2000 watt lasp may be used to
evaluate the range of effect of searchlight back-scatter on contrasts.
For this purpose, ths luminance valuss obtsined at 500 yards for the front
cencer of the APC and also the sloping portion of the front are listed
below as =eseuryd at the first five observer posts. Post 1 is adjacent
to the searchlight. Approximate separations for the other locations are
shown in parertheses,

Obs. Post: §1 fe(10yds) f3(20yds) gu(hoyds) #5(80yds)

Slope Front .100 .023 017 .013 011
Center Front .«097 023 022 018 013
Ratio (“ontrast) 1.03 1.00 1.12 1.4 1.12
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From the praceding analvsis, it may be seen that the high increase
in luminance for target arcas due to searchlight back-scatter is essentially
gone when one moves from Post 1, adjacent to the tarjet, to Post 2, ten yardy
removed. The remaining values reflect some further change, but of a much
smaller magnitude. The ‘contrasts’ noted between the two selected target
areas increase with grsater separation of observer and searchlight, and
cease to show back-scatter affects at Post 3, 20 yards from the searchlight.
In the model studies, the searchlight displacement labeled SL-C would not
have the realism of field conditions due to the absence of scaled atmosphere
and resulting absence of back-scatter. However, if displacement of 10 or
20 yards is sufficient to ohviate back-scatter effects, our other condi-
tions should otherwise constitute adequate simulation.

To get a better idea of the correspondence for target and terrain
contrasts between the model and field conditfons, the following comparison
may be made., The set of field data for the tank measured at observer
Post 5 (80 yards displaced from searchlight) may be converted to relative
values by determining the ratio of each area measured to the center area
as a reference point. This leads to the values to be shown shortly.
Similar treatment is given to measures on the model simulator for the tank
at the equivalent distance for the similar displacement of thes searchlight.
These values are shown below for comparison with the first set.

Area Measured Field Tank Model Tank
L Track 1.55 1.66
Center 1.00 1.00
R Track 1.55 2.00
Turret 1.12 1.66
L Bkgnd 2.00 1.89
Tank Shadow .78 .02
R Bkgnd 2.00 1.66
Top Bkgnd .89 1.24
Bottom Bkgnd 1.55 1.66

It would appear that the internal contrasts for our tsnk target
are a little greater than for the tank in the field. Also, contrast for
tne tank with the background at the top and bottom terrain areas is greater
for the model. Terrain at the sides does not form as high & contrast. In
the field, terrain shead of the tank sloped away from the searchlight and
the woods behind the tank, although in its projected background, were quite
distant. Our terrain was simply more uniform in a relative sense.

The contrast of the tank shadow and adjacent parts of the terrain
and target is much greater in the model situation than in the fleld.
However, in the field the 2000 watt searchlight lamp provided less illumin-
ation on the target and, at the time of measurement, a full moon ' s
illuminating the terrain also. The luminance of the shadow, in tu2 field
measurements was .002 foot lamberts which could be due to moonlight prim-
arily and possible some space light present.

51
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The field study data provide a basis for much more extensive
comparisons than can be attempted here. With the exception ncted, the
correspoudence between model and field conditions appears, in physical
terms, reasomsbly close. Ia the text thare are several points of comparisca
{n terms of observer performance as well. An examination of all of these
points of comcarison is necassary to determine how much confidence can be
given to the extension of the model simulator findings to field conditions.
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APPENDIX B

The derivation of the equation for M shown in the text is gquite
straight forward. We begin with the statemsnt of several terms and
relationships as follows:

él) I(S) = initial degree of uncertainty in §

2) Isl) = degree of uncertainty in R

$3) I(R,S) = degree of uncertainty in combined R and 8
k) Ip(8) = degree of uncertainty in S given R

With (1) and (4) we have:

(5) 1(8) - Iz(S) = extent of reduction of I{8) given knowledge of R
(equivalent to stimulss information gained by
knowing R}

Then, from standard works on information theory:

(6) 1(R) + Ig(8) = 1(R,S)

Adding I(S) to each side of equation (6) and changing signs leads to:

(1) 1(s). - 15(S) = I(R) + 1{5) - I(R,8)

Note that the left hand side of (7) is the defined term (5). Also,
because in our experiments, on a given observation trial the stimualus was
2qually likely to be present or absent, we know that I(5) = 1 bit. Hence
a solution for the right hand side of (7) evaluates I(S) - Ip(S) and gives
us the stimulus information gained by knowing R. To sccomplish this, we
substitute for I(R) and I(R;S) as follows, using response data to obtain
the particular probabilities:

(8) I(R) = - [P(Y) log, B(Y) + B(N) log, P(N)]

and

(9) I(R,S) = - [P(S,¥) log, P(S,¥) + P(S,N) log, P(S,N) + P(S) Y) log
’ P(S;‘Ys + p(s? N) log, P(s'ﬁ) R ’ 2

substituting from (8) and (9) in (7), rewriting I(S) as 1, and using the
sppropriate constart to convert from logarithms base 10 to base 2, we have:

(10) 1(8) - 15(s) = 1 + 3.32 [-P{Y) log P(Y) - P(N) log P(N) + P(S,Y)
log P(S,¥) + p?s,n) log P(S,N) + P(S, Y) log P(S) ¥) +
P(S) N) log B{S, N)]

Designating I(S) - Ip{S) with the symbol M, #3 the measure of stimulus
informaticn gained by knowing B, we have the formula cited in the text.
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The features of this relatiousnip are easily showm. If an observer
always responded "yes", we would of course gal: no stimulus informationm.
In terms of the above equation, P(Y) = I and P(N) = O which gives us:

M=1l+3.32([-0-0+1/210g1/2+ 0+ 1/210g1/2+0]=0

Also, 1f the observer is right (S,Y) and /s’ !N_‘, as often as wrong (S; Y)
and ( ), M= 0. If he makes no wrong responses, maximm stimulus inform-
atic. (s gained and M = 1. (This would be true if no right responsees were
made, also the system needs some external knowledge of accuracy in order
to decode the responses!)

Since the Seasure M was derived to provide a basis for avoiding
the smbiguous efficts of criterion differences in the yes-nc procedure used,
it would be well to i{llustrate the relative freedom of this msasure with an
exsmple. Consider two sets of data. The target hae been presented 10 times
during 20 observation trials. In the first; an observer has given the
following responses:

"Yes" Target “No" Target 'Yes" Target "NJ'Target
Present Present Abgent Abseont

Frequency 10 0 5 5
A second observar gives these responses:

V'y~s" Target ‘'"No" Target ''Yes" Target 'No" Target

Present Present Absent Absent
Frequency 5 10 0 5

It may be noted that the first observer has responded "yes" 15 times even
though the target was presented on 10 times during the 20 triale. The
second observer, on the other hand, has been willing to respond "yes" far
less frequently., The first has a high false positive rate; the second a
low rate.

The proportions in each of these examples are treated first, by
the conventional method. The detection proportions (from "ves", target
present responses) is adjusted in terms of the proportions of false positive
responses ("yes", target absent). Usually this is done by employing the
following relationship:

P! = BC
1-C
Where: P° = corrected detection proportion
P = raw detection proportion
C = proportion of false positives
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In terms of the above equation, the first data set would have to be repre-
sented by & corrected detection propor:ion of 1.00. The second would yield
the corrected detection proportion of .50.

If we analyse the same two sets of data for the stimulus inform-
ation quantily, M, we would find that not different but the sams values
would result. For each data set M would be 0.31. Thus if, as is possitle,
the scts are from two different observers in the iame situation, one is not
providing wore stimslus information than the other. It might be the case
that the first observer is highly wiiiing to give false positive respouses
wheress the second is highly unwilling to do so. Thas freedom of the data
measure, developed in information terms, from effects of such criterion
differences becomes fairly obvious.

It was not possible to analyse the information statistic in terms
of sampling and bias. Since in a series of observations the target was
presented on 50% of the trials, these question are probably not serious.

In any event; our measure i{s precisely defined and appears to provide for
less ambiguity in interpreting results.

25
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exploratory experiments.
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Figure 9. Results for M-48 tank, observed on uniform terrain

under starlight illumination, showing relation between fre-

quency of response data and information measure M.
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Figure 1G6. Results for M-48 tank and M-59 APC, observed on
uniform terrain under starlight illumination.
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Figure 11. Results for M-48 tank, observed on
uniform terrain under moonlight illumination.
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Figure 13. Resulis for anti-tank gun and crew, observed on uni-
form terrain under moonlight illumina.ion.
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Figure 14. Results for M-48 tank, observed on non-uniform terrain
in midfield position under moonlight illumination.
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Figure 18. Results for -39 APC. observed on non-unif orm terrain in
tree position under 4-sec searchlight illumination at differing displace-
ments from observer.
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Figure 19. Results for M-59 APC, observed on non-uniform
terrain in upper field position under differing durations of
searchlight illumination.
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terrain in tree position illuminated by searchlight at differ-
ing displacements from observer.
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600 YDS.

Figure 30. Target and terrain luminances for the three scale model targets when
illuminated by searchlight along observer’s line of sigat.

1000 YDS.

Figure 31. Target and terrain luminances for the scale model vehicle targets when
illuminated by a searchlight 75 yards right of observer.
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Figure 32. Candlepower distribution for simulated searchlight
beam using corrector slide.
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