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FOREWORD

The NIGHT OPERATIONS Program within the Behavior and Systems Research Labora-
tory is concerned with problems in optimizing human performance in relation to ni'ght

vision devices and related sensors. Specific aspects desI with determining: 1) perform-
ance effectiveness with sensor systems, 2) factors that affect performance, and 3) means
of improving effectiveness. The entire research program is responsive to requirements of
the Combat Developments Command and is conducted under Army RDT&E Project
20024701A723, "Human Performance in M~iitary Systems," FY 1971 Work Program.

The reeearch described was conducted at Fort Benning, Georgia. It represented a
preliminary effort to identify critical factors affecting performance and to develop in-
strumentation and technologies for subsequent research in the night operations area.

The Behavior and Systems Research Laboratory wishes to express the deepest apprecia-
tion for the generous cooperation and excellent support provided by many departments

at the U. S. Army Infantry School. Special acknowledgement is made of the efforts of
the New Weapons Department of the school.

To further the research program, a fielh unit has been established at Fort Ord,
California where, with the support of the Co nbat Developments Command Experimenta-
tion Command, research is currently being c'/nducted with passive night vision devices.

J.H E R. HA ,Director~
Behavior and Systems
Research Laboratory



SEARCH FFFFCTIVFNFSS WITH THE STARLIGHT SCOPE AND 7 X 50 3iNOCULARS

BRIEF

Requirement:

To conduct aA exploratory study with the following objectives: 1) to develop methodology and tech-
nology essential to the conduct of scientific field experimentation in search effectivenr.,ss in night oper-
ations; 21) to identify the critical factors affectitng performance and their related par-imeters; and 3) to
assess for operational purposes performance effectiveness with the Starlight Scoý 3 and the 7 x 50
binoculars.

Procedure:

Four men were tested nightly, three using the Starlight Scope, and cne using the 7 x 50 binoculars.
A total of 65 operators (subjects) were tested. Testing was conducted runder starlight, half-moon, and
full-moon illumination conditions. The 48 targets presented nightly were either soldiers or foam rubber
"aggressor" type silhouettes, in a moving and stationary mode, respe,-tively. Operators were told that
they were on perimeter defense and that it was their responsibility to ,jetect and shoot ell enemy targets
in their search sector. The search area was rectangular in shape, 40.? meters lotig and 200 meters wide.
Target detection responses were recorded electronically. The data viere analyzed to determine perform-
ance effectiveness with the two deviceond the effect of critical vatables on performance effectiveness.

Findings:

The Starlight Scope significantly improves ability to detect targets. However, pertormance with the
Starlight Scope is differentially affected by zonditions under which search is performed, At low illumina-
tion levels, target detection is greatly attenuated by small decreases in ambient light and also by dis-
tances in excess of 200 meters. Lengm of target exposure also strongly affects performance. Target mode
(stationary vetsus moving) was not found to affect detection percentages, probably because of the wide
search area,

The ability to see targets with the Starlight Scupe and 7 x 50 binoculars was higher than performance
in the actual detection of targets. Overall, one-third of the seeable targets were not found during search.

Search efficiency (rates of targets found to targets seen) was differentially affected by several of
the variobie conditions studied.

The Starlight Scope was found to be superior under ail conditions studied, The binoculars were rea-
sonably effective at short distances, or under high illumineion, and with lengthy target exposure. When
all these conditions were present at one time, the effectiveness of the binoculars approached that of the
Starlight Scope.

ProdL'cts:

Practical and effective field experimentation methodology and instrumentation were developed which
are applicable to a wide range of field experimentation and testing with night vision devices and sensors.

Utilization of Finoings:

The study provided baseline performance data on the Starlight Scope and 7 x 50 binoculars as well
as identification of factors criticaliy affecting performance and information about the effects to be ex-
pected. The findings suggest that inqroved search techniqc:s wil greatly enhance performance witn the
Starlight Scope.
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BACKGROUND

The U. S. Army has in recent years recognized a need Lo improve its
night operations capabilities. (See, for exanple, thie 1964 study by the
U. S. Army Combat Developments Command.)-- This neeU had led to the de-
velopment of sensors which greatly improve night seeing and target acqui-
sition capabilities. The development of these sensors has, in turn cre-
ated an urgent need for human factors studies to determine and improve
the level of human performance with the current generation of sensors
and to provide human performance data which can be applied in improving
the capabilities of future generations of sensors.

The Behavior and Systems Research Laboratory (BESRL) has established
a work unit with the iission of conducting human performarce experimenta-
tion to improve the capabilities of the combat solider in nignit opera-
tions. Initial research by this work unit was conducted at Fort Benning,
Georgia. As this exploratory research was being completed, the U. S.
Army Combat Developments Command (USACDC) requested that BESRL research
in this area be expanded and accelerated and concurrently requested that
the U. S. Army Combat Developments Command Experimentation Command
(USACDCEC), Fort Ord, California, support the desired BESRL research.
To accomplish the research, the BESRL Field Experimentation Unit was
established as a tenazid of Fort Ord with primary mission support to be
supplied by USACDCEC. Field experimentation with night vision devices
is currently being conducted at Fort Ord by this Unit.

OBJECTIVES

The Army has given high priority to the development and fielding of
advanced systems for surveillance, target acquisition, and night observa-
tion. The effectiveness of any system is complexly determined by the
characteristics of the system, the way in which the system is employed,
and the behavior of the human being in the system. The system musc be
evaluated in terms of the interaction of all these factors rather than
separately in terms of the effectiveness ef the equipment, the method of
employment, or the human operator. Systems measurement beds must be de-
veloped which permit the determination of the relative contribution of
equipment factors, employment factors, human factors, and the interac-
tions of all these to total system effectiveness. When these contribu-
tions are understood, suggestions leading to improvement of total system
effectiveness become possible.

!-Night Operations and the Employment of Night Vision Devices (Unclassi-
fied title) U. S. Army Combat Developments Command. November, 1964.
SECRET.



To translate these considerations into specific questions, the

re:;earch conducted by BESRL is designed to provide information which
wiil ated in the solution of the following problems:

Who shouid use night vision devices ana sensors? Inaividuals differ greatly
in their abilities to acquire targets with these devices. ro what are
these differences attributable? To what extent can these differences be
rpduced by training? What kind of training is effective? if selection
of operators is necessary, on what basis should selection be made?

How should the devices be used? What are the proper search techniques?
What are the implications of human capabilities and limitations for
employment and eeployment of men and device? How large an area can a
man effectively search? How long can a man use a device effectiveiy-?
What are suitable work-rest cycles? If two man are to use devices,
should the men be assigned separate or overlapping search sectors?

Which devices should be used and under what conditions? The devices differ in
their characteristics and capabilities and are affectec differently by
changes in environmental-terrain-target conditions. What is the rela-
tive performance with the devices under different light levels? On
different types of targets? On targets at different distances? On
different types of terrain--open versus cluttered with trees, brush,
rocks. For diffe.ent tactical applications?

What should be the Basis ot Iscue (BOI and Phix of devices? How much is gained in
target acquisition if two men with devices of the same type are used?
If three men are used? How much is gained by the use of two or more men
with different types of devices?

Questions such as these can be answered best by extensive and
rigorous experimentation. Mhe results of this experimentation provide
information for operational employment, training, selection, and for the
development of concepts, doctrine, and organization. Also, the informa-
tion provided forms a basis for subsequent troop tests. From such experi-
mentation, too, the parametric data essential for effective linear model-
ing and war games are obtained. In addition, determination of the com-
plex interactions of the man, the device, and the operational situation
provides valuable information for the design of future generations of
devices.

The present publication is a report of the research conducted at
Fort Benning, Georgia. This was the initial research conducted by the
work unit in the area of night operations and was primarily exploratory.
The de-ices tested were the Small Starlight Scope (AN/PVS-2) and standard
Army 7 x 50 binoculars. The objectives were threefold: first, to develop
the methodology and technology essential to the conduct of scientific
field experimentation in night operations; second, to identify the criti-
cal variables affecting target detection performance and their related
parameters; third, to provide information on the operational usefulness
of the devices under varying conditions.

-2-



Before it was- osn.h tr, t nrevid7e t iz the effectiveness
of tne devices a technology was required that would make it pofsib]e to
collect reliable and valid experimental data under field conditions.
Existing instrumentation, procedures, and techniques were not adequate
for research of this type. Therefore, the first objective was the de-
výlcpinent of an appropriate technology--instrumentation, training, test-
ing, control methods and procedures, special experimental techniques.

Instrumentation was necessary which would provide for accurate
measures of target detection and search behavior. The instrumentation
system of measurement haa to be flexible and reliable under widely vary-
ing field conditions, it bad to provide for simultaneous recording of a
variety of data, allow for control and monitoring of the players, and
provide a data output that could be rapidly analyztd, Methods and pro-
cedures had to be developed which would insure that all subject, support-
ing, and controller personnel were Properly tarrying out their assigned
missions. Each participant had to be oriented, motivated, and trained
for his job. Because of the large number of test and environmer.tal
factors and the large number of differing types of p rsonnel involved,
a great deal of procedural redundancy, as well as constant monitoring,
was required in order to maintain a standardized testing situation.
Special experimental techniques had to be developed in order to identify
and consider the effects of various factors on performance. An example
of such techniques is the "seeability" test described below under Pro-
cedure. The "cfficiency score," derived from the Seeability measure and
search performance data, makes it possible to determine the degree to
which failures in target acquisition are attributable to the intrinsic
capabilities of the devices and to less than optimal human performance.
Identification of the relative contribution of such factors as these to
performance revealb which subsystem elements need to be improved in
order to improve overall system effectiveness.

In regard to the second and third objectives--to identify critical
variattes and their parameters and to piovide information for operational
use--there is no doubt that devices such as the Starlight Scope improve
performance. The basic question is to what extent and under what condi-
tions. A number of variables were therefore included in the present ex-
periment because it seemed likely that they represented conditions
especially critical to performance. 'hese variables were ambient illu-
mination, distance, target mode, and target exposure times. The
parameters--that is, the measure or amount of a variable--were selected
to shw how cha-ges in the p.antity of a variable affect performance.
For example, illumination unquestionably affects performance with passive
night vision devices; but do changes from starlight to half moon to full
moon result in equal amounts of improvement? This information is impor-
tant for operational use as well as for design of future experiments.
For example, if performance under half-moon illumination is about equal
to that under full moon, then both conditions need not be included in
futrre experiments, and savings in resources and time would result.

3



PROCEDURE

Four men were tested nightly, three using the Small Starlight Scope
(AN/PVS-2), and one using standard Army 7 x 50 binoculars (M417). Subjects
were instructed that they were on perimeter defense and that it was their
responsibility to detect and shoot all enemy targets in their search area.
Testing was conducted under starlight, half-moon and full-moon illumina-
tion conditions. Thn terrain was an unused small weapons range, heavily
covered with grass and brush and containing a number of small bunkers con-
structed of logs. The search area was rectangular in shape, 400 meters
long and 200 meters wide. The distance limit uf 400 meters was naturally
defined by the crest of a hill. The area was surrounded by dense pine
woods, with the width limit being defined by the tree line on each side
of the range.

Targets were placed in this area at distances of 50 to 300 meters
and over the full width of the range with some targets actually in the
tree lines. For purpose of analysis of the effects of distance, targets
were in three bands: 50-100 meters (aear-distance); 101-200 meters
(mLi-distance) and 201-300 meters (far-distance). Targets were presented
in two modes--moving and stationary. Stationary targets were electrically
controlled pop-up foam rubber "aggressor" figures with fatigue trousers
added to give a full human silhouette. Pilot tests confirmed that these
figures and stationary human targets in the same position were equally
difficult. Moving targets were soldiers dressed in fatigues who moved
at a walking pace over a ten-foot path parallel to the line of subject
cubicles--that is, across the line of sight if the soldiers who were
searching. Target exposure time was varied--lO, 20, 3C, and 90 seconds.

Prior to testing, approximately 60 minites of training was given.
The purpose of this training was to instruct the subject in the use of
his device, to teach him what targets looked like when viewed through
his device, and to allow him to develop facility in the rapid detection
and simulated shooting of the targets. Training was given on an indi-
vidual basis. During testing, the ability of the soldiers serving as
subjects to find targets through search was determined. They were re-
quired to search for targets, to depress a "detection" button when they
detected a possible target, and to line up the reticle and shoot the
target with a "recognition" button when they determined that it was a
real target. Azimuth and elevation of a device at time of a response
were recorded electronically. During subsequent data analysis, device
orientation at time of response was compared with true location (azimuth
and elevation) of the exposed target to determine whether the target had
actually been "hit." The two responses were used to determine the
differential probability of detection and recognition of targets, as
well as the time required to go from initial detection of a possible
target to recognition and shocting of the target.

-4-
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again., and the ability of each man-device combination to see targets
when no search was required was determined. Thus, it was possible to
establish the effects of illumination and distance on target "sesability"
with tha devices, The seeability measure also provided a baseline with
which search performance could be compared. This comparison provided a
measure of the extent to which overall effectiveness of the devices could
be improved by improved work methods and search techniques to be made
available to the soldier using the devices.

FINDINGS AND THEIR IMPLICATIONS

The effects on search performance of four variables are reported--
ambient illumination, distance, target mode (moving versus stationary),
and target exposure time. A fifth variable reported, detection versus
recognition, was included in order to determine the differential prob-
ability of detection and recognition of targets, as well as the time re-
quired to go from initial detection of a possible target to recognition
and shooting of the target. In practice, however, the detection and
recognition responses were nnade almost simultaneously. Therefore, de-
tection responses were uEee. for data analysis. The subjects' night vision
ability was also measured .nd compared with performance on the Starlight
Scope and the 7 x 50 Binocular devices. The correlation was not signifi-
cant.

The analyses of the data centered on: 1) the Starlight Scope--to
show how performance is affected by illumination, distance, target mode,
target exposure time, and their interactions; 2) search efficiency under
varying conditions of illbmination, distance, and mode; and finally,
3) comparison of the Starlight Scope and binoculars in terms of percent
detections under various conditions.

The bincculars have been much used as a night viewing and search
aid. Atthough the general level of performance with the binoculars was
not expected to equal that with the Starlight Scope,- it was possible
that, under some conditions, performance with the two devices might be
highly similar and, conside:ing cost-effectiveness trade-offs, the
binoculars might be preferred. Additionally, objective measures of the
effectiveness of the binoculars would provide valuable information on
the level of performance that could be expected when binoculars are the
only night viewing aid available.

Starlight Scope

In general, the performance with the Starlight Scope significantly
improves ability to detect targets. Its use is therefore recommended.
Performance, however, is differentially affected by a number of variables,
and the operational effectiveness of the device must be considered in
light of these factors.

-5-



Effect cf Illumination. Search performance improved with increased
S.......•natIon. "-rLociianue was much more affected by small illumination

increases at low ]ight levels than by equal incredses in illumination at

h.*'h.a 11....l levels. in fact, beyond half moon illumination, large in-
creases in illumination resulted in relatively little improvement in per-
formence. (Percent detections went from 59% to 68% when illumination
increased from half moon to full moon--a relative gain of 15%. Increases
in illumination from clear starlight to overcast starlight causel per-
formance to improve from 25% to 38%--a relative gain of 32%.)

Effect of Distance. Overall, performance was significantly degraded,
with increasing distance, but the effect of distance was much more severe
with low illumination. Under starlight conditions, approximately 60% of
targets at distances less than :i00 meters were detected comiared to
approximately 10% At distances of 200-300 meters--a 6:1 ratio. Under
full moon, tke comparable values were 79% and 56%--approximately a 6:4
ratio. In general, the Starlight Scope was highly effective in detecting
personnel targets at distances up to 20C meters. At more than 200 meters
it was effective under half moon and full moon and relatively ineffective
under starlight. However, without the use of some aid to the eye, targets
beyond 200 meters under starlight conditions would have escaped detecLion.
Although Basis of Issue was not investigated in the vresent experiment,
subsequent experiments suggest that using two Starlighz Scopes under the
test circumstances would result in about 15% detections (as opposed to
10%)--a relative gain of about 50%.

Effect of Movement. Movement did not increase the probability of
detecti.c.n, perhaps because of the wide search area size used in the study.
For a tactical situation (such as an interdiction point in which the
search area size is narrow), there is little doubt that movement would
assist detection. A subsequent BESRL report (in preparation) on the re-

lation of search area size to detection supports this inference.

Effect of Target Exposure Time. This variable was studied for two
reasons: 1) to provide data for subsequent research by EESRL and other
DA agencies, and 2) to provide operational data. Obviously, in combat,
the duration of target exposures will vary inmensely. Nevertheless,
these data on varying times do provide information necessary to the
evaluation of the efficiency of the devices. As expected, increased
target exposure time resulted in greater target detection. However, the
amount of gain differed with differences in the illumination levels and
distance of targets. For the higher illumination levels, performance
did not improve markedly with exposure times longer than 30 seconds
(percent detections went from 76% to 8&% with 30- and 90-second target
exposures--a relative improvement of 16%). For starlight, performance
continued to improve with increesing exposure time (under clear starlight,
percent detections increased from 26% to 4W% for 30- and 90-second
exposures--a relative improvement of 85%). Increased target exposure
time resulted in increased target detections for each of the three dis-
tanzes studied, but the increases were greater for far than for near

-6- n~mmm,• me~.



targets. This finding indicates that far targets have a fair probability
(45%) of being detected provid ta t th o d g ............... ..... •= 5 IS x~oue for a rela-

tively long period of time (90 seconds). As targets it combat are fre-
quently expo'ed for a brief time, the Starlight Scope uould have limited
usefulness under these distance conditions. On the other hand, the data
show that even for short exposure times, the Starlight Scope is an effec-
tive device at the closer ranges.

Search Efficiency

Target difficulty varied as a function of distance and illumination.
Under some conditions, some targets in the experiment could nover be
deterced during search because they exceeded the capabilities of the man-
device combination to see the target. The percentage detections reported
previously was based on the total number of targets presented, whether
or not all targets could be seen. These data aze meaningful because the
differential ability ro see targets at different distances and under
different levels of illumination is a func-tior of the intrinsic properties
of the devices and, as such, is an important contributor to their effec-
tiveness. However, another type of comparison is also meaningful; if the
differences in ability to see targets are partialled out, how effective
is the device operator in finding targets that he can see? Such an anal-
ysis has implications for operational employment of the devices, for
engineering, and for improvement of search effectiveness. It was neces-
sary, therefore, to develop a measure of how many targets were actually
visible to a given operator on a given night--simply, whether the operator
could see the target, whether or not he found it during search.

Under the darkest starlight conditions, only about half the targets
could be seen. Under half and full moon virtually all could be seen.
The respective search scores were divided by the seeability scores to
determine th5 search efficiency of the operators--that is, considering
only targets that they could see, how many did they find? Overall, 65%
of the targets which could be seen were actually found; conversely, 35%
of the targets which were seeable were not found. Efficiency was con-

-siderably lower for starlight than for moonlight conditions and for far
targets than for near targets. Why were targets that were visible not
found? The most likely explanation is that the loss was due to some
aspect of the individual's search behavior. The search problem involved
was relatively simple, the terrain being of moderate size and largely
open, although covered with brush. On a more complex and larger terrain,
search efficiency can reasonably be expected to be even lower. This
finding suggests that, without modification of the devices, their eftec-
tiveness can be greatly improved through the use of more effective
search methods and procedures.

The ability to see targets was less impaired by distance than the
ability to find targets. Again, the utilization of more effective search
techniques could greatly increasL the probability of detection of far

"-7-



targets that although difficult, can be seen and hence detected during
search. For closer ranges, a wider search area can be effectively
employed, and highly efficient search techniques are relatively less
important.

Comparison of Starlght Scope and 7 x 50 Binoculars

The general level of performance with the binoculars was not expected
to equal that with the Starlight Scope but it was possible that under some
conditions, considering cost-effectiveness trade-offs, the binoculars
might be preferred. Additionally, objective measures of performance with
the binoculars v'ere obtained to provide information on the level of per-
formance when binoculars are the only night viewing aids available.

Effects of Illumination and Distance. As expected, search perform-
ance with the Starlight Scope was clearly superior to that with binoculars
(under starlight, 52% vs 10%, respectively; under moonlight 72% vs 41,
respectively). With both devices, percent detections decreased with in-
creasing distance. For operational purposes, binoculars are virtually
useless under starlight at any distance beyond 100 meters (about 5% of
the more distant targets were detected, as opposed to about 25% with the
Starlight Scope) and of questionable value for shorter distances (25%
detection at distances of less than 100 meters, as opposed to 60% with
the Starlight Scope). Under moonlight, substantial numbers of targets
(about 5-%) were detected with the binoculars at distances up to 200
meters, but performance was still inferior to that with the Starlight
Scope (about 80% detections). Beyond 200 meters, detections dropped off
sharply with binoculars (to 25%), but less so with the Starlight Scope
(59%).

Effects of Illumination and Target Exnosure Time. Performance with
both devices improved with increasing target exposure time. Under star-
light, the binoculars were relatively ineffective (22% detections) even
with targets exposed for as long as 90 seconds (compared to 54% detections
with the Starlight Scope). Under moonlight, substantial numbers of tar-
gets were detected with the binoculars even with exposures as short as
20 seconds (54% detections) or 30 seconds (41% detections). When targets
were exposed for as long as 90 seconds, performance with binoculars (72%
detections) approached the level of effectiveness with the Starlight
Scope (85% detections).

General Level of Effectiveness of the Two Devices. The binoculars
were reasonably effective under conditions of high illumination, partic-
ularly at distances less than 200 meters, and with long target exposure
times their effectiveness approached that with the Starlight Scope. Under
these conditicns. they could be used for surveillance activities with some
confidence. Under starlight conditions, their value was low. As these
specialized and restricted conditions cannot reasonably be expected to
occur with a high frequency under operational conditions, use of the bin-
noculars is limited and cannot be recormmended if a device such as the
Starlight Scope is available, If such a device is not available, the
binoculars probably serve as a significant aid in surveillance activities,
at least undex rno_'nlight illumination.

- 8-
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METHODOLOGY AND DATA ANALYSIS

METHODOLOGY

Apparatus

The apparatus employed can be classified into three categories:
night vision devices, tse data acquisition systcm, and ancillary equip-
ment.

Nipht Visior Devices. The night vision devices consisted of the
Starlight. Scope (AN/PVS-2) and 7 x 50 (1117) binoculars. As the standaid
zeticle in the binoculars was not visible at night, it was removed and a
hypodermic needle was inserted through the reticle slot. The needle was
so pcsitioned that the tip appeared in the center of the eyepiece. A
small light bulb was inserted into the base of the needle. The bulb was
powered by a battery and its brightness controlled by a potentiometer.
On moonlight nights, the needle appeared to be a stake-type reticle, but
on starlight nights only a small spot of light at the tip of the needle
waa visible. Brightness was kept at a low level which did not appreciably
affect dark adaptation. This modification made it possible to accurately
aim the binoculars at targets.

Data Acquisition System. The data acquisition system had three
components: 1, the tripods which supported the device platforms and the
viewing devices; 2) the device platforms; and 3) the electronic control
and data recording apparatus. Four heavy duty tripods were used in line,
dach tripod being set in concrete for stability. The device platforms
consisted of a metal casing attached to the tripod head, the viewing
devices being attached to the platforms. The platforms rotated with
respect to a fixed base and were adjustable for elevation. Each platform
contained a shaft encoder which indicated to within 0.2. the azimuth
orientation of the instrument and two microswitches for indication of
elevation, the front microswitch being depressed when the instrument was
lowered to view close areas and the rear microswitch being depressed when
the instrument was raised to view far areas. Each platform also con-
tained two "trigger" or target acquisition microswitches for recording
subject responses. These microswitches were designed and located so that
their use did not interr' pt searching or disturb orientation of the device.
The data recording van contained an electronic logic system and an
electronic printer which recorded target acquisition data, including type
of target acquisition response (detection or recognition), response time,
device azimuth orientation to 0.10, and device elevation orientation
(near or far) when a responso was made, and subject number.

Ancillary Equipment. Communication equipment included a speaker
which was used by the test director to instruct subjects when they were
in the test booths and radios which were used for communication between
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the test director and the expertmenter at the test bonths, the tesL
director and the cngineer in the data recording van, and the test director
and the human targets.

The Army Night Seeing Tester (ANST-TI) was used to test the night
vislon of the subjects. This instrument and its use is described in BESRL
Technical Research Report 1120.&--

Photometric readings were obtained with a Gamma Scientific Corpora-
tion Model 202n photometer•-' with a S-l1 photocathode and a cosine filter
which gave an integrated reading, in foot candles, of illumination from
the upper hemisphere. Readings were taken at regular intervals through-
out the e'periment.

Targets

A total of 24 target locations were used in the exieriment. Twelve
of the targets were soldiers wearing unstarched fatigues. During test-
ing, these targets walked slowly back and forth over a ten-foot path,
parallel to the line of subject booths. The other 12 targets were
"pop-up" manikins controlled electrically by the test director. The
manikins were foam rubber "aggressor" figures, with fatigue trousers
added to give a full silhouette of a standing man. A nimber of other
targets were tested in pilot studies to determinc whether their prob-
ability of detection was equivalent to tha: of a human soldier in
fatigues, but only the manikins met the criterion. Targets were located
in three bands: 50-100 meters (near-distance); 101-200 meters (mid-
distance); and 201-300 meters (far-distance). A complete description'of
the targets appears in Table 1.

-- 'Uhlaner. J. E. and J. Zeidner. The Army Night Seeing Tester--Develop-
ment and Use. BESRL Technical Research Report 1120. May 1961.

A-Commercial designations are used only for precision in describing the
experiment. Their use does not constitute indorsement by the Army or
by the Behavior and Systems Research Laboratery.
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Table I

DESCRIPTION OF TARGETS

Distance Azim.uth

Target in meters Range in Degrees Mode

IA 295 Far 35 Moving

1B 251 Far 28 Moving

IC 220 Far 30 Stationary

2A 256 Far 59 Stationary

2B 240 Far 40 Stationary

2C 234 Far 48 Moving

5A 259 Far 69 Stationary

3B 254 Far 73 Stationary

3C 218 Far 78 Moving

4A 156 Mid 9 Moving

4B 147 Mid 25 Stationary

4C 326 Mid 16 Stationary

5A 155 Mid 43 Moving

5B 128 Mid 62 Moving

5C 119 Mid 52 Stationary

6A 179 Mid 04 Moving

6B 126 Mid 94 Moving

6C 117 Mid 80 Staticnary

nA 84 Near 20 Stationary

7B 57 Near 5-5 Moving

8A 79 Near 56 Stationary

8B 55 Near 43 Moving

9A 82 Near 93 Moving

9B 61 Near 88 Stationary
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Ambient lilumination Conditions

Testing was conducted under three ambient illumination conditions:
starlight, one-quarter to half moon fhalf moon), and three-quarter to
ful1 moon (full moon). Clear and overcast starlight conditions are pre-
sented separately because of differences in both photometric readings and
performance for the two conditions, Suprisingly, illumination was higher
under overcast starlight than under clear starlight. The test site wae a
few miles from the population center of Fort Benning. Light from illumi-
nated areas of Fort Benning and nearby Columbus, Georgia, presumably re-
flected from the underside of the cloud cover and raised the illumination
level. Under higher ambient illumination conditions, this phenomenon was
not as marked and did not produce differences in performance, although
the general level of illumination was probably raised. The photometric
readings (in foot candles) under each of the four conditions are given
below.

Clear Starlight 1.5 x 10-4 to 2.8 x 104 ; m. 1 = 1.9 x 10-4

Overcast Starlight 4.7 x 10"4 to 7-7 x 10 4; mean = 6.3 x 10-4

Half Moon 1.0 x 10"3 to 3.2 x 10"3; mean = 2.4 x 10i-

Full Moon 4.4 x 10-3 to 2.0 x 10"2; mean = 1.0 x 10-2

Terrain

The terrain was an unused small weapons range at Fort Benning,
Georgia. It was thought that this range was distant enough from lighted
areas of the post to minimize the problem of akyglow but, as indicated
above, the problem was not completely eliminated. The terrain had light
to moderate clutter which consisted of small bunkers, a few trees, and
low to high brush and grass. The range was rectangular in shape, about
400 meters long and 200 meters wide, and was surrounded by pine woods.
The distance limit of the search area was naturally defined at 400 meters
by the crest of a hill. The width limits ware shown by dim lights on either
side of the range defining an area of 100 degrees and by the tree line
on each side. Targets were placed over a 300-meter distance and a full
200-meter width, with some targets actually in the tree lines.

Subjects

The subjects were 65 enlisted men from the 197th Infantry Brigade at
Fort Benning, Georgia. All had a combat military occupation speciality.
Age ranged from 19 to 38 years with a mean age of 24 years. Four subjects
were usually tested each night, three using the Starlight Scope and one
using binoculars. The number of subjects tested on each device and under
each iliumination condition is shown in Table 2.
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Table 2

NUMBER OF SUBJECTS

Illumination Starlight 7 x 50
Condition Scope Binoculars

Clear Starlight 13

5
Overcast Starlight 12

Half Moon 12
8

Full Moon 15

Total 52 13

Procedure

Orientation of Subjects. Upon arrival at the test site, the subjects
were brought into a building without being permitted to view the terrain
prior to the training and test sessions. No subject had prior experience
on the particular terrain used. The subjects were introducted to the ex-
perimenters and the importance of the research as well as the necessity
of their wholehearted participation was explained. Every attempt was made
to motivate the subjects at this time and to keep them motivated through-
out the evening. The subjects were then dark adapted and the Army Night
Seeing Test was administered. The subject assigned to the 7 x 50 binocu-
lars was given red goggles to preserve his dark adaptation and was in-
structed to put them on before he entered a lighted area.

Training. A training session of approximately one hour was given
to the subjects each evening. This session had three purposes: 1) to
instruct the subject in the use of his device; 2) to teach him the
appearance of targets viewed through the device; and 3) to allow him to
develop facility in the rapid detection and simulated shooting of the
targets. Training did not commence until at least the End of Evening
Nautical Twilight (EENT), when the sun was 120 or more below the horizon.
Training was conducted by the test director witlt the assistance of the
engineer who remaled in the experimental control center to monitor
subject's response. Throughout training, tape-recorded instructions were
given to the subjects over the loudspeaker. If any point was not clear,
the test director was informed during the frequent pauses in the tape and
the tape delayed until all subjects understood the instruction thoroughly.
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During the first part of training . Iuor; helped ... subjects
adjust tripod height and diopter setting, and instructed them on the use
of the detection and recognitinn "firing" buttona. ,ibl..ct. were Eo

P press the left-hand button as soon as they detected a possible target
(detection response). They were then to line up the center of the reticle
with the center of maass of the target and to press the right-hand button
when they had determined that it was a real target (recogniticn response).
The use of two resvonses was intended to give measures of the probability
of both detection and recognition, and the difference in time between
the two. In practice, recognition responses almost invariably followed
detection responses within one or two seconds. Thus, the distinction
between the two types of response was not meaningful in this situation
and, fcr purposes of aralysis, only the detection responsec were used.
For purposes of aaalysia, a response was defined as a hit when azimuth
orientation indicated that the device was within ±3O of true target
azimuth and elevation orientation indicated that the device was pointed
at the correct distance zone. All the Starlight Scopes were prefocussed
at 175 meters which gave reasonably sharp focus for all targets. Subjects
were not allowed to change the focus during the experiment as it was felt
that the time required for focussing and the probability of bad focussing
outweighed any possible advantages.

In the second part of training, moving and statiouary targets were
present.d, one at a time, in different parts of the field. Subjects were
told where to look for the targets and to fire on the targets, using the
approp.iate procedures, when they were located. The engineer in the data
recording van compared subject responses with a catalog of actual target
locations an& informed the test director which subjects had failed to
locate th1 - t,•rget and/or had not followed the appropriate procedures re-
garding the target. The test director, in turn, informed the appropriate
instructor that his subject had failed to locate the target, or fire, or
both. The inatructor then assisted his subject and reviewed the instuc-
tions on "firing."

When all subjects thoroughly understood the procedures and had
become familiar with the appearance of targets viewed through the instru-
ment, they were given 30 minutes of additional practice in locating
targets, without assistance, to allow them to develop skill in rapidly
locating and shooting the targets. At the conclusion of training, the
subjects were given a rest period. Photometric readings were taken at
this point and at reg'ilar intervals throughout the evening.

Testing. Data collection did not begin until after the End of
Evening Astronomical Twilight (EBAT), when the sun was 18i or more below
the horizon, and was ended prior to the Beginning of Morning Astronomical
Twilight (BMAT), before the sun approached 180 below the horizon. When
testing was conducted under moonlight conditiona, daLe collection did not
begin until the moon had ascended to 150 above the h!rizon and testing
always ended before the moon descended beyond 15' above the horizon.
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In the search experiment, target exposure times were 10. 2, ,
:70 st ocu.Nt. Subjects were told the length of target exposure at the

beginning of each group of targets and a buzzer sounded each time a new
target was presented. In the 10- 8nd 20-second conditions, eight targets
were presented in each condition. After four targets were presented,
subjects were given a 3- to 4-minute break while the targets were re-
located; then the second group of four targets was presented. In the
90-second condition, eight targets were presented with a short break
between target presentations. The particular targets presented in the
10-, 20-, and 90-second conditions were randomized across nights with the
restriction that all targets occur an equal number of times. In the
50-second condition, all 24 targets were presented each evening, order
of presentation being systematically varied across evenings. In this
condition, a break was given after each group of three successive targets.
The order of the conditions was counterbalanced across nights. Subjects
were given a 15- to 20-minute rest at regular intervals during the
experiment to warm up and get coffee.

At the conclusion of the search experiment, all targets were presented
again to determine the ability of each man-device combination to st:e
targets when no search was involved. In this seeability test, each in-
strument was aimed and locked on a specific area of the terrain. The
subjects were required to report whether or not they saw a target and,
if they saw a target, to tap the arm of the instructor assigned to them
at the moment the target went down. The time of target disappearance
varied and was not known to the subjects. As a further precaution
against false reports, on three trials the instruments were aimed at
terrain locations without targets. All 24 target locations were tested,
plus three false trials for a total of 27 trials. This experiment was a
measure of target visibility with ambient illumination with device and
subject held constant. It thus provided a baseline seeability measure
against which search performance could be evaluated.

RESULTS

Results ire presented and discussed in terms of target detection
performance with the Starlight Scope as affected by varying conditions,
search efficiency, and relative effectiveness of performance with the
Starlight Scope and 7 x 50 binoculars. Factors entering into the
analyses are ambient illumination, target distance, target mode (moving
versus stationary), and target exposure time. Both percentage of targets
detected and seea)ility of targets were compared for the Starlight Scope
and the 7 x 50 ½noculars. All differences reported as significant Are
at least at the .01 level.
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Performance with the Starlight $cope

Effect of Illumination op Target Detection. A& the Strlght Sop..
is a passive night vision dev;ice, level of illumination was expected to
be one of the most critical determiners of performance. Table 3 shows
the percentage of targets detected under each illumination vondition.
Performance under clear and overcast starlight conditions is pre.2nted
separately because of differences in both photometric readings and per-
formance for the two conditions. As explained above, the higher illumi-
natizn observed under overcast starlight presumably resulted from the
reflection off the underside of cloud cover of light from Fort Benning
and Columbus, Georgia.

Table 3

EFFECT OF ILLUMINATION ON PERCENT TARGETS DETECTED
WITH THE STARLIGHT SCOPE

Illumination Condition Percent Detected

Clear Starlight 25

Overcast Starlight 38

Half Moon 50
Full Moon 68

Overall 48

As expected, performance improved rignificantly with increasing
Lilumination. Performance was much more affected by small illumipation
increases at low light levels then by equal increases at higher light
levelo. In fact, beyoud half-moon illumination, large increases in
illumination resulted in relatively 11-tle improvement in performance.
Percent detections went from 59% to 68j when illumination increased from
half moon to full moon, a relative gain of 15%. Increases in illumina-
tion from clear starlight to overcast starlight caused performance to
improve from 25% to 38%, a relative gain of 52% (See Figure 1).

- 18 -



60

Ir z

0

oot

0

0

SNO113130 L3:).,

19&



++L_ + t ý = • •&+ - 1 ntIcc. Th c di st _ • 1 A ...- - -C •+ n_1^rN

(near), 101-200 meters imid), and 201-300 meters (far). The number of
Table 4 shows the percentages of targets detected at each distance and

for each illumination condition. The percentages given in Table 4 were
calculated by dividing the number cf near, mid, and far targets detected
by the number of targets presented for each distance. The percentages of
targets detected, over all distancee, are appropriately weighted. A word
of caution--the overall figures for illumination used in this table as
well as other tables are simply an arithmetic average of four experimental
illumination conditions and do not describe average values for any given
month or moon cycle. For example, there are more starlight nights in a
month than any other specific moonlight condition. The overall data,
however, has value as a simplified ready approximation.

Table 4

EFFECT OF DISTANCE ON PERCENT TARGETS DETECTED
WITH THE STARLIGHT SCOPE

Illumination Distance
Condition Near Mid Far Overall

Clear StarLight 49 27 8 25

Overcast Starlight 69 42 12 38

Half Moon 73 67 42 59

Full Moon 79 72 56 68

Overall 68 53 51 48

8Weighted bV number of targets presented per night at each dlstIQ:*C 12, 18. and 18 for near.

nod. far distances, restpectively.

In general, performance was significantly impaired with increasing
distance. However, the degree of degradation was significantly different
for the different illumination conditions. Under clear starlight, 49% of
the near targets were detected and 3% of the far targets, an absolute
decrease of 41%, or a relative decrease of 84%. For overcast starlight,
the absolute and relative decreases were "7% and 8%, respectively. The
values for half moon were 31% and 42% and for full moon, 23% and 29%.
Thus, the effect of distance was much greater under lower than under
higher illuminations. Table 4 also shows a marked difference in percent
detections of near-distance and mid-distance targets for low illumination
(49% and 27%, respectively, for clear starlight) and little or no differ-
ence for high illumination (79% and 72X, respectively, for full moon).
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In general, the Starlight Scone was hiph!y effectlve in detecting person-
nel targets up to 200 meters. At more than 200 meters, it was effective
at higher illumination levels, but relatively ineffective at lower illu-
mination levels. With the naked eye, however, it would probably have
been impossible to detect any targets at this distance under starlight
illumination.

-ffects of Target Mode_-Mov_ versus Stationary. Target mode was
included as one of the variables for study because it is commonly believed
that moving targets are more easily detected than stationary targets. The
percentage of moving and stationary targets detected, under each illumina-
tion condition, is shown in Table 5. Unexpectedly, the differences in
percent detections were small and not statistically significant. One
possible explanation lies in the size of the area to be searched. In the
present experiment, subjects were searching a wide area and were, there-
fore, more or :ess continuously moving their devices. Under these con-
ditions, movement of the target would be less conspicuous than under con-
ditions in which the device was held relatively stationary and a target
moving across the device field of view would produce an obvious disrupt-
ment of a static environment. In a subsequent experiment, this hypothesis
was confirmed when more moving than stationary targets were detected in a
search area 250 wide but not in a search area 750 wide.

Table 5

EFFECT OF TARGET MODE ON PERCENT TARGETS DETECTED
WITH THE STARLIGHT SCOPEE

Illumination Target Mode
Condition Moving Stationary

Clear Starlight 24 27

Overcast Starlight 56 39

Half Moon 60

Full Moon 64 72

Overall 47 50

Effects of Target Exposure Time. In combat situations, targets vary
from very brief appearances to almost continuous exposure. However, for
the present study, the exposure times were established at 10, 20, 30, and
90 seconds. As the number of target presentations (by experimental
necessity) had to be limited, the number of targets presented each night
were 6, 8, 24, and 8 for the 10-, 20-o 50-, and 90-second periods,
respectively.
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Table 6 shows the percentage of targets detected for each exposure
interval under each illumination condition. Significantly more targets

were detected with increasing length of target exposure and with in-
creasing illumination. For the higher illumination conditions, perform-
ance did not improve markedly with exposure times longer than 30 seconds.
Under full moon, for example, performance went from 76% to 88% for 30-
second and c)0-second target exposures, respectively--an absolute improve-

ment of 12% and a relative improvement of 16%. For the lower illumina-
tio. conditions, performance continued to improve markedly with increas-
ing target exposure time. Under clear starlight, for example, the percent
of targets detected went from 264 to 48% for 30-second and 90-second
target exposures, respectively--an absolute improvement of 22% and a
relative improvement of 85%. Thus, a significant interaction existed
between illumination and exposure time.

Table 6

EFFECT OF TARGET EXPOSURE TIME ON PERCENT TARGETS DETECTED
WITH THE STARLIGHT SCOPE

Illumination Target Exposure Time (Seconds)
Condition 10 20 30 90

Clear Starlight 12 14 26 48

Overcast Starlight 22 25 39 61

Half Moon 26 50 65 81

Full Moon 33 56 76 88

Overall 23 37 53 70

Target exposure time also was analyzed as a function of distance
(Table '). As expected, increased target exposure time resulted in
increased target detections for each of the three distances studied.
There were, however, differential effects in that increased target
exposure time increased the percent target detections more for far
targets than for near targets. For example, for near targets, 40* and

97% of the targets were detected with 10- and 90-second target exposures,
respectively--a relative gain af 142%. For far targets, the comparable
values are 12% and 41%--a relative gain of 275%. The inference from this
result is that far targets have a fair probability (45%) of being detected
provided that the target is exposed for a relatively long period of time

(90 seconds). Since targets in combat frequently are exposed for a brief
time., the Starlight Scope would have limited usefulness under those con-
ditions. On the other h3and, the data show that even for short exposure
time, the Starlight Scope is an effective weapon for the closer ranges.
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Table 7

EFFECTS OF DISTANCE AND TARGET EXPOSURR TIME ON PERCENT

Target Exposure Time (Seconds)
Distance 10 20 30 90

Near 40 53 73 97
Mid 23 45 55 77
Far 12 18 35 45

Search Efficiency

Target difficulty varied as a function of distance and illumination.
Thus, under some conditions in the present experiment, some targets could
never be detected during search because they exceeded the capabilities of
the man-device combination to see the target. The percentage detections
reported above was based on the total number of targets presented, whether
or not all targets were visible. These data are meaningful because the
differential ability to see targets at different distances and under dif-
ferent levels of illumination is a function of the intrinsic properties
of the devices and, as such, is an important contributor to their effec-
tiveness. However, another type of comparison is also meaningful. If
all targets are seeable, how efficient is the device operator in finding
targets? Intormation cf this type has implications for operational
employment of the devices for engineering, and for improvement of search
-iffectiveness. It was necessary, therefore, to develop a measure of how
many targets were actually visible to a given operator on a given night.
(This is, it was to be simply whether the operator could see the target,
whether or not he found it during search.) At the completion of search
testing, therefote, all targets were presented again with instructions
indicating target location. The operator was then tested, with precau-
tions against false reports, to determine whether or not h• could see the
target. This measure constituted the Secability Index. The percentage
of targets detected during search was then divided by the percentage that
could be seen in order to obtain an Efficiency Score. The Efficiency
Gcore thus reflects the percentage of targets found during search, con-
videring only those that could be seen.

The search scores, seeability index scores (targets capable of being
seen), and the resulting efficiency scores (ratio of search scores to the
seeability scores) under the various illumination conditions are pre-
sented in Table 8. Search scores shown in this and the subsequent table
are for 30-second target exposures. Both search and seeability index
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scres i.!creased s ni fc antly V.,iwh incr-r ng •U,,i,,i, un, search
scores going from 26% to 76% and seeability scores from 48% to 97%. As
exvectec.. signifian•n-ly mor•e . .rget~ c uld be see'a •t•.. were found. "ihe
efficiency scores show that at low light levels the ability to finU' tar-
gets was more impaired than the ability to see targets--only about 50•O

of the targets that could be seen were found. At higher light levels.
efficiency improved considerably--about 75% of the targets that could be

seen were found. The differential effect of illumination on the search
and seeing tasks was significant.

Table 8

SEARCH, SEEABILITY INDEX, AND EFFICIENCY SCORESA
(30-Second Target Exposures Only)

Illumination Search Seeability Search
Condition Score Index Scorc Efficiency Score

Clear Starlight 26 48 54

Overcast Starlight 39 86 45

Half Noon 65 95 68

Full Moon 76 97 78

Overall 53 81 65

a Percen8g.e scores.

While efficiency improved with increasing illumination (from about
50% to about 75% for starlight and moonlight conditions, respectively),
overall only 65% of the seeable targets were found. The search problem
involved was relatively simple, the terrain being largely open although
covered with brush, and of moderate size. On a more complex and larger
terrain, the efficiency can reasonably be expected to be even lower.
The finding that 35% of the targets which were seeable were not found
suggests that this loss is due to some aspect of search behavior. It is
assumed that the loss could be attenuated with improved search techniques.

Search efficiency is also affected by distance. Table 9 shows these
effects of target distance for each illumination condition. For all
illumination conditionsP efficiency decreased with increasing distance;
that is, the ability to find targets during search was significantly more
impaired by increasing distance than was the ability to see targets. The
utilization of more effective search techniques could, again, greatly
increase the probability of detection of the far targets that, although
difficult, can be seen and hence detected during search. For closer
ranges, a wider search area can be effectively employed and highly effi-
cient search techniques are relatively less important.
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Table 9

EFFECTS OF DISTANCE AND ILLUMINATION ON SEARCH EFFICIENCY SCORES,
(30-Second Target Exposures Only)

Illumination Distance
Condition Near Mid Far

Clear Starlight 66 50 31

Overcest Starlight 70 45 17

Half Moon 74 69 48

Full Moon 80 73 60

Overall 73 62 45

* PerCentage scores.

Earlier in the report it was shown that target mode--moving versus
stationary--did not affect the probability of detection during search.
However, it was possible that mode could differentially affect the ability
to see a target. The effect of target mode an seeability scores is shown
in Table 10. As was found for the search scores, movement had no effect
on the ability to see the targets. Efficiency, therefore, was also not
affected by target mode.

Table 10

EFFECTS OF ILLUMINATION AND TARGET MODE
ON SEEABILITY SCORE?

illumination Mode
Condition Moving Stationary

Clear Starlight 55 42

Overcast Starlight 82 89

Half Moon 92 95

Full Moon 96 97

Overall 82 81
"'Percentae scores.
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The gený-eral lc'vel of perform with the binoculars was not ex-

pected to equal that with the Starlight Scope, but it was possible that
under some conditionsY considering cost-effectiveness trade-offs, the

binoculars might be preferred. Additionally, objective measures of per-
formance with the binoculars were obtained to provide information on the
level of performance that could be expected for situations in which bin-
oculars are the only night viewing aids available.

Fewer soldiers were tested with the binoculars than with the Star-
light Scope. In order to have ar adequate number of subjects in each
illumination condition, it was necessary to combine subjects from the
clear and overcast starlight conditions, and from half- and full-moon
conditions. The tables presented in this section, therefore, show only
two illumination conditions--starlight and moonlight.

Effects of Illumination and Distance° The effects on performance of
illumination and distance, for 30-second target exposures, are shown in
Table U.. As expected, performance with the Starlight Scope was signifi-
cantly better than with the binoculars. The effects of distance and
illunination were the same for both devices--a significant decrease in
performanca with increasing distance and significant increase with in-
creasing iillumination. For operational purposes, then, binoculars are
virtually useless undar starlight at any distance beyond 100 meters
(about 5% detections) and of limited value for shorter distance (23%
detections). However, under moonlight, substantial numbers (aboat 50%)
of targets are detected at distances of up to 200 meters. Beyond 200
meters, the percent detections drops sharply (to 25%) even under moon-
light. These values are for 30-aecond target exposure times; some
improvement in performance would be expected with longer target exposure
times. Also, it is reasonbleto assume improvement if the search area
size were reduced.

Table 12

EFFECTS OV ILLUMINATION AND DISTANCE 04 PERCENT TARGETS DETECTED
WITH THE STARLIGHT SCOPE A1ND 7 X 50 BINOCULARS

(50-Second Target Exposures Only)

Illumination Starlight Scope Binoculars

Condition Near Mid Far Overalla Near Mid Far Overalla

Starlight 60 36 11 52 23 7 4 10

Moonlight' 85 76 59 72 56 46 25 41

Overall 73 55 35 53 38 52 17 29

aVleighted by the number of iargetS presented each night by distanCe: 6.9. and 9 for near. mzn• and far distances.

resvectively.
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Ef:t of iiumination and Tara t Exposure Time. The percent
detections for the Starlight Scope and binoculars, by target exposure
time and illumination conditions, is shown in Table 12. Again, per-
formance with the Starlight Scope was significantly better than with the
binoculars. Performance with the two devices improved significantly
with increased illumination, but the improvement was significantly
greater for binoculars than for the Starlight Scope. With binoculars,
10% of the targets were detected under starlight and 41% under moonlight--
a ratio of about 1:4. With the Starlight Scope, the comparable values
were 31% and 64%--a ratio of about 1:2. In spite of the greater improve-
ment found for the binoculars, performance with the Starlight Scope was
considerably better than with binoculars, especially under starlight con-
ditions (31% vs 10% for Starlight Scope and binoculars, respectively).

Table 12

ErFECTS OF TARGET EXPOSURE TIME AND ILLUMINATION OF PERCENT
TARGETS DETECTED WITH THE STARLIGHT SCOPE

AND 7 X 50 BINOCULARS

Target Starlight Scope Binoculars
Exposure Time Star- Moon- Over- Star- Moon- Over-

(Seconds) Light Light all Light Light all

10 1s 30 23 0 20 12

20 20 54 37 7 34 24

50 32 72 55 10 41 29

90 54 85 70 22 72 53

Overall 51 64 48 10 41 29

Target exposure time was significantly related to performance, with
more detections made as exposure time increased. Under starlight, dif-
ferences between performance with the Starlight Scope and with binoculars
are considerable, even for the longer exposure times--54% and 2X% for the
respective devices, with a 90-second target exposure. Under moonlight,
the differences are less and, for the 90-second exposure time, perform-
ance with the binoculars closely approximates that with the Starlight
Scope (72% and 85%, respectively). Operational implications are that, for
the enperimental di-tances used under high illumination levels when tar-
gets can be expected to be exposed for lengthy periods, the binoculars
can be expected to perform in surveillance activities almost as well as
the Starlight Scope. These conditions, however, are infrequent and there-
fore severely limit the use of the binoculars.
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The NIGHT OPERATION3 program within the Sehavior and Systems Research Laboratory
Is concerned with problems in optimizing human performance in relation to night vision
devices and related sensors. To further this research., BESRL_ established a field lnit

at Fort Ord, California where, in conjunction with the Combat Developments Coimmand
Experimentation Conm~and (CDCEC), experimentation has been conducted directed toward
enhancement of the performance of the combat soldier in night operations." Theý first of
a series of reports on BF.SRL's research effort in this area (Technical Research Report
1163). deacril'es thea expý!rimental evaluation,-ecoiducted at Fort Ord, with four passive
night vision devices, and presents results of the assessment of operator performance
with these devices in target detection and search tasks. The research :described in the
present report was conducted at Fort Benning, Georgia and represents an exploratory
study having the following objectives: 1) to develop methodology and technology essen-
tial to conduct of scientific field experimentation in search effectiveness in night
operations; 2) to identify critical factors affecting target detection performance and
their related parameters; and 3) to assess, the operational usefulness of the Starlightl
Scope (AlN/PVS-2) and the standard Army 7 x 50 Binoculars (M117).

A total of 65-. operators were testedI, fo.!r men each n~ght, three using the Star-

L-ight Scop6 and one 
using the 7 x 50 biroculars. Subjects were required 

to detect tar-
g3ets 1 soldiers or "aggressor" type silhouattes) presented in two nodes. Responses were
recorded electronically. D.~ta obtained uere analyzed to deteririne performance effec-
tiveness with the two devices, ard the ef.fectz; of illumination (starlight, half moon.
full moon), distance (50 - 3,00 meters), target mod~e (moving v. stationary), target
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13. ADSTRACT - Continued

exposure time (10, 420, 30 and 90 seconds), and their interactions on
search performance. Results showed the Starlight Scope to be superior
under all conditions'studied and to effect significant improvement in
target detection ability. Detection performance with the Starlight
Scope, however, was differentially affected by several of the variables
studied. The binoculars were reasonably effective under high illumina-
tion (full moon), particulariv at short distances (less than 200 meters);
with lengthy target exposure, .heir effectiveness approached that with
the Starlight Scope. Under these conaitions, binoculars could be used
with some confidence in surveillance activities; under starlight con-
ditions, their value would be limited. In addition to providing base-
line performance with the Starlight Scope and the 7 x 50 binoculars,
the study resulted in development of practical and effective experi-
mental technology and instrumentation applicable to a wide range of
field experitientation and research in night operations.
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