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PREFACE

This report presents a summary and discugsion of published data and in-
formation relevant to visibility under low levels of natural illumination. Those
changes that occur 1n the nature and intensity of light between sunset and sun-
rise are described and related to the visibility of objects of military significance.
Six field studies of night target detection arz reviewad and assessed as to com-
preh :nsiveness in terms of a set of factors that affect visual perception. Suggestions
for future research are offered and procedures for the praparation of moon diagrams
and charts that provide comprehensive information on the potential availability of
moonlight are described.

This work was undertaken as part of Task SWiINGSHIFT's program of research
and development directed toward improv~menrt of individual and squad Infantry
operations under conditions of limited visibility. Preliminary investigation indi-
cated that the importance of illumination factors had r ;t been given adequate
attention in field studies and that the:i.e was no single source of informaiion about
the changes in natural light that occurl between the hours of sunset and suniise.
The material presented was, t_herefore, gathered and prepared from widely scattered
sources as an essential preliminary to further systemstic study and experimenta-~-
tion directed toward improving the performance of visual tasks required by Infantry
night operations .

In addition to being of interest to those concernad with field research on
visual perception, the content of this report has obvious significance fc- =Vl those

responsible for the planring and conduct of night training and night operations.




CHAPTER 1

MAJOR VISIBILITY FACTORS

The visual performance requirements of militai - personnel assigned to Infantry
night operations have yet to be determined. As a result, the necessary skills in
seeing and the development of proper attitudes ha: to date, been defined only in
terms too general to be useful in the design and implementation of training pro-
cedures. Furthermore, relatively little is known about the actual capabilities and
limitations of night vision under field conditions. Hence, the gathering of em-
pirical data under conirollecd field conditicns representative of typical Infantry night
operations is prerequisite to the development of more effective training procedures.

The vital 1ole of ficld studies in advancing our knowledge of vision under low
levels of natural illumination makes it essential that such studies be carried out
and reported in such a way that the work may be replicated, thus enhancing the
valiidity and reliability of results. To this end, it seems useful to emphasize the
impourt ance of considering all the factors that affect visual perception in the plan-
ning, implementation, and reporting of such field studies.

1L seems reasonable tc assume that a common set of factors determines the
visual perception of objects under all conditions of observation. This is not to
deny that, under certain conditions, the contribution of a given factor may appar-
ently be quite negligible. However, to assure adequate control and to facilitate
replication, it is important, even in such cases, to explicitly account for each of
the factors in the set whenever data on visual detection and ideatification under
field conditions are collected and reported.

The following six major categories provide a convenient way of specifying
the variables and conditions affecting visual perception in outdoor settings. The
entries under each category are illustrative of the kind of information required
about each factor and are not intended tc be exhaustive.

1. Atmospheric conditions - degree of clearness, presence of fog,
haze, dust, rain, snow. '

2. IMumination conditions - intensity, directional or diffuse,
orientation of source to observer, orientation of source to object.

3. Object variabics -~ area, shape, movement, orientation to observer,
general brightness level, brightness contrast with immediate back-~

ground, intta~object hrightness contrasts.




Background variables ~ brightness level, textural effects.

5. Observer variables ~ visual adaptation level, acuity at adaptation
level, attention, motivation, t.aining.

6. Situational variables ~ instructions, time permitted for judoments,
degree of search required, criteria for correctness of respcase.

Since the dramatic change in the nature and intensity of illumination that dis-
tinguishes night from day has far reaching effects on visibility, the specification of
illumination conditions during the hours between sunset and sunrise warrants the
special attention of those concerned in any way with visual perception. The value
of field studies designed to advance our knowledge of night vision under natural
illumination is in proportion to the rigor with which illumination conditions are
specified. Furthermore, accurate forecasts of illumination conditions are of sig-
nificant value to those who plan, as well as to those who carry out, night operations

ier as pe¢ * of training or under actual combat conditions. For these reasons, we
W turn to a consideration of the varieties of natural illumination that occur between
the hourc of sunset and sunrise.

The two succeeding chapters of this report are specifically concerned with the
characteristics of low levels of natural illumination and their effects on visibility.
First, studies which present data on the luminosity of the sky under "no-moon"
conditions are analyzed. Then, pertinent facts about the moon and their signifi-
cance for visual perception are presented and discussed.
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CHAPTYR 2

TWILIGHT AND THE LUMINOSITY OF THE
NIGHT SKY UNDER MOONLESS CONDITIONS

INTRODUCTION

Military writing and doctrine have oftentimes compartmentalized activities
intc the separate areas of day operations and night operations. In this chapter,
twilight and the light of the night sky are discussed in terms of variations in
illumination which exist under these conditions, and evider.ce will be presented
which demonstrates that the gross categories of day and night do not adequately
represent the wide variety of light situations.

TWILIGHT

By definition, at the exact moment the upper rim of the sun meets the true
horizon, sunset is said to occur (1). However, because the light of the sun is
still reflected back to the earth from various layers in space, complete darkness
does not start with this occurrence. In fact, it has been found that there is little
loss of visible light for some time. The period from sunset unti! the time darkness
occurs has been labeled the period of twilight.

The phenomenon of twilight has been extensively studied since the early
1900's. As a means of classification, it has been broken down into three separate
time periods. These periods are called civil, nautical, and astronomical twilight,
and each of these shall be discussed separately.

CIVIL TWILIGHT

Civil twilight is defined as that period of time occurring from sunset until the
center of the sun is 6 degrees below the horizon. Under ordinary conditions, this
period offers enough light to carry on normal daytime activities. The US Army
considers that normal artillery fire adjustment is possible, and Visual Flight Rules
for aircraft apply during this period (5, 17).

NAUTICAL TWILIGHT

The period c¢f nautical twilight is that time during which the center of the sun
moves from 6 to 12 degrees below the horizon. Although there is a reduced amount
of illumination, enough light is provided to carry on most types of ground movement
without difficulty. Army doctrine indicates that visibility during this time is limited
to about 400 meters (5, 17).




ASTRONOMICAL TWILIGHT

As tha coenta of the sun passes 12 degrees below the horizon, the period of
darkness, for United Statss military purposes, {s said to start (5, 17). However,
there 1e a further period of twilight that occurs as the sun moves from 12 to 18
degrecs below the Forizon, and ti.is is called astronomical twilight. This period
offers only meager licht, and normal daytime activities cannot be carried out
unless an artificial light source is provided. For asironomical purposes, the

period of darkness starts as the sun passes throuch 18 degrees below the horizon.

The relative i1llumination gradient for nautical and astronomical twilight is presented

in Figure 1.
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FIGURE 1. ILLUMINATION GRADIENT FOR NAUTICAL AND
ASTRONOMICAL TW1LIGHT (Adapted from Chiplonkar, 3)

TWITIZHT Al SUNR(SE

As the earth continues its rotation, the time cycle continues anc the sun
starts tc comec above the horizon. The three stages of twilight now :peat them-
selves 1n revzerse order from the sunset cycle. That is, as the cent . of the sun
passes throuah 18 degrees below the horizon, astronomical twilight starts. The
sun's passing of 12 degrees declination signals the start of nautica’' twilight,
and its movement past 6 degrees starts the period of civil twilight. Junrise
occurs exactly at the moment the upper rim of the sun comes above the true
norizon,
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DURATION OF TWILIGHT

The durations of the three periods of twilight vary with the iatitude of the
observer and the season of the year. At the equator, the twilight periods are
almost exactly equal, being about 22 minutes in length regardless of the season.
.n the higher latitudes, however, especially above 50 degrees, there is such
seasonal var.ab'lity that no general rule can be established. For the portion of
the earth betwee 50 d=grees north and south latitude, the p¢ ods o ' vilight are

each about 22 to .5 minutes long, and, although there are some seasonal varia-

tions, the preceding times can be used as a general rule (1). Much of the inhabited

portion of the earth lies between 50 degrees north and 50 degrees south latitude
including all of the United States with the exception of Alaska.
LIGHT OF THE NIGHT SKY

As the sun moves a sufficient distance below the horizon that its light is
no longer reflected back upon the earth, the celestial bodies of the universe
come into view. These bodies act as a source of light, either by internal
illumination or by acting as reflecting surfaces for an exterior light source.
Alithough not all the illuminating sources of the universe have bheen 1ot %o
the entire amount of visible light that is present on a clear night, witli no moon,
shall be referred to hereafter as the light of the night sky (LNS).
MIEASUREMENT OF LNS

Many investigators have made systematic meastirements of the LNS.
Although the literature on this is by no means limited, the results cannot be
considrred as definitive. The major difficulty in assigning a specific intensity
value to the LNS is that it has be=n found that there are geocraphical variations,
seasonal variations, and even local variations in intensity. These variations are
cdue to physical phenomena in the universe and are independent of any purely local
light source {such as the reflected lights of a large metropolitan area) which may
also influence the amount of visible light present at any one time.
SEASONAL VARTATTONS TN LIS

The fact that there are seasonal variations in LNS intensity is rather well
¢ s)owiented. Larly work (4) demonstrated that there appeared to be a maximum
intensity about Tune and a minimum in December. Later work (2, 4) supported
this view but also offered some evidence that there may be two lesser maxima
occurring in spring and fzall. Tor the purposes of this report, it is enough to say
that there will be seasonal variations in LNS intensity, although the amount of

these variations has yet to be determined.




GEOGRAPHICAL VARIATIONS IN LNS
Geographical variaticns in the intensity of the LNS have been reported for
many years. These are usually reported as "lights" of the night sky, and, during
the recent International Geophysical Year, all known types of night lights wers
investigated. The IGY data have not yet been reported in detail, but brief descrip-
tions of the more common LNS phenomena are given below (15).
Aurora (northern lights) - These are bright lights often seen in the far
northern or southern sky (dependingaupon the hemisphere of the observer)
and are usually colored, many times being red or green. These are probably
caused by an excitation of the magnetic field of the earth. The lights move
across the sky wiith the usual movement being toward the east. These lights
are rarely seen between 40 degrees north or south latitude, although they
have been infrequently reported at all latitudes,
Airglow - This is a phenomenon about which very little is known. Airglow
is said to exist whenever the night sky is strangely bright and the illumina-
tion is not focused, but, rather, is spread out over a large part or all of the
sky. Although it has been reported all over the earth, it apparently occurs
most often in the more northerly and southerly latitudes. It is hypothe=izec
that there is a link between airglow and the inner Van Alien radiation beit.
Most of the time the light has been reported as greenish in color.
Zodiacal light - This light appears as a belt of light across the sky, and it

is seen most often between the tropics of Cancer and Capricorn, although

it has occasionally been reported slightly to the north and to the south of
this regicn. It has been hypothesized that it is produced by light shining
on dust in the atmosphere; however, it is not known why this usually occurs
only in the tropic zone.

Gegenschien (opposite shine) - This is a faint, circular spot of light that
appears in the heavens directly opposite the sun. Thus, it appears only
after sunset and disappears at sunrise. This phenomenon is reported only
rarely, but it seems to occur most often in the tropic zone. There ic no
known scientific explanation of this phenomenon.

Noctilucent clouds - These are luminous clouds that appear to be very

high in the sky. They are arare sight, seen primarily during summer
twilight near the horizon in Canada, Europe, and the Soviet Union. They
appear to move with great speed. It has been hypothesized that they are

clouds of meteoric dust illuminated by sunlight or by incoming atomic particles.
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LOCAL VAKIATIONS IN LIS

Littte resecarch has been done on local variations in LNS intensity. One
i~vestivaior (12) reported that, at one station, the ratio in brightness from one
night to another was someiimes as high as 2 to 1, However, further research
which swdicd LIS variations at three different geographical locations found that,
althcu /h riwere were variations at each station, the daily variations did not corre-
laie with onc another (12).
PERICD O WIGHT

Accepted United States military doctrine defines the duration of night as that
time eriod from the End of Evening Wautical Twilight (EENT) until the Beginning
of Morning 1Yautical Twilight (BMNT) (5, 17). Other nations of the world do not
necessarilv use this same sysiem, but, because the sun cycle follows natural

I laws, o35t of the methods of categorizing twilight are quite similar, For example,
the armed forces of the United Kingdom use the terms first light and last light.
Tihis jeriou includes a slightly greater period of twilight (0-9 degrees) than that
defined by the Uuited States term of civil twilight (17). The complete cycle of
sunse: i sunrise, with the appropriate time periods labeled, is shown in
Figure 2,

E/EMNG TWILIGHT RANGE WORNING TWILIGHT RANGE

i
EENTC Period of Night —-—

For US Military Purposes

FIGURE 2. PERIODS CF TWILIGHT
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CONCLUSIONS

The occurrence of sunset does not mark the beginning of a period devoid of
militarily useful natural illumination. Since the transition from day to night and
from night to day is gradual, sufficient light is available for considerable periods
of time immediately after sunset and immediately before sunrise to permit the exe-
cution of ground operations without undue loss of proficiency and effectiveness.

The period of time designated as night has been defined in various ways
depending upon the purposes of those who formulated the definitions. On moonless
nights under standard atmospheric conditions (clear, no haze or other obscuring
weather conditions), there is always some light in the night sky. This light is
variable and dependent on such factors as geographical location, season of the
year, unidentified atmospheric phenomena, and local conditions. However, enough
light is present to make possible a restricted range of visibility.

The regular cyclic nature of the sun's apparent movements makes it possible
to predict the gradient of natural illumination to be expected between sunset and
sunrise under moonless conditions and without regard for local weather conditions.
This predictability is useful to those who plan military operations and to those who
study visual perception under relatively low levels of natural illumination.

10
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CHAPTLR 3

THE MOON

INTRODU CTION

The presence or abseénce of moonlight is an especially salient feature of
natural illumination during the hours of darkness. Research has demonstrated
that visibility is determined, in large part, by the nature, intensity, and direc-
tion of incident light with reference to the object and to the observer. In the
absence of moonlight, natural incident lighting at night is diffuse, i.e., there
are no sharp shadows and there is a less«#ning of definition of objects. Moon-
light, on the other hand, is directional, and, if of sufficient intensity, casts
shadows that may change the apparent shape and brightness of objects. Facts
about the moon and its apparent movements as they relate to visibility would
thus seem to have direct application not only in field research on visual percep-
tion but also in the planning and implementation of military night operations.

The purpose of this section is to discuss those moon facts that have a direct
bearing on illumination at night.
PHASE CYCLE

Since moonlight is reflected sunlight, the amount of moonlight received
on earth depends principally on how much of that portion of the moon which is
lighted by the sun can be seen from the earth. How the moon appeéars, i.e.,
its phase, uepends on where it is in relation to the earth and to the sun. The
moon completes iis cycle of phases, e.g., from new moon tc new moon, in
twenty-nine and one-half days. The new moon phase occurs when the moon lies
between the earth and the sun. During this phase, the moon rises and sets with
the sun, no light is reflected to the earth, and, as a result, we are unable to see
it.

The moon's position in the sky shifts to the east about 13 degrees each day.
This eastward movement results in a daily delay of about 51 minutes in time of
moonrise and a daily change in the point on the horizon at which the moon appears.
Thus, a few days after new moon, the moon's position will be about 30 degrees
east of the sun and it will be seen as a thin crescent.setting shortly after sunset.
The size of the crescent .ncreases daily until full moon, when the earth is between

the moon apd the sun. During the full moon phase, the moon rises just as the sun
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cots, and we can sa2 it during the entli= night. Following the full phase, tte
moon vizes later and later and reflects less and less light untii the cyeale of
phanse is complete. Before full moon, the eastern side of the crescent (thi: left

<'d: in the notthern hemisphera), and after full moon the western sid=, is thz

dark edge.
ETYEZTS OF PHASE ON INTENSITY

Sincz the illumination of equal surface areas on a solid sphere decreaces as
the cbliqueneass of the rays of incident light increases, moonlight intensity is not
3 simple function of phase. The first quarter moon, for example, is half of the
dizc visible at full moon, but the measured intensity of illumination received
from it is only ons-twelfth that received from the full moon (14). The striking
rapidity with which illumination changes from one phase to the next is shown
in Figurs 3. The illumination received from the full moon is shown as 100 par-
cent in this [i yjure, which deals only with the period from new moon to full meon.

FQ

100%

FLEURE 3. INTENSITY OF THE LIGHT GIVEN
B¢ THT MOON AS A FUNCTION OF TS PHASE
‘Adapted from Rudaux and de Vaucouleurs, 14)
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Due to the fact that dark areas on the moon's surface are preponderant during
the period from full moon to new moon, the phases after full moon are slightly
less brilliant than those before.
EFFECTS OF ELEVATION ON INTENSITY

The height of the m' .11 above the horizon also has a significant effect on
the amount of light received. This effect is a joint function of the length of the
light path within the ea?fh's atmosphere . since the terrestrial atmosphere absorbs
light, and the angle of incidence, since the moon's rays are increasingly concen-
trated as its inclination to the horizon is increased. Hence, the moon's brightness
is reduced when it is near the horizon, i.e., atrising or setting. Absorption of
light by the earth's atmosphere becomes negligible when the moon reaches an
elevation of 45 degrees or more above the horizon. Figure 4 illustrates the effects
of atmosphere absorption of light on the visibility of stars. When observed at an
elevation of 10 degrees above the horizon, a star will appear to be about two and
one-half times fainter than it does when observed at an elevation of 45 degrees or

more above the horizon.

2,04

'USJ

Visual Magnitude

T_ T VT T USSR U U T T T
49 6° 10AU© 1390 | 7019921 © 69 32° 43°

Elevation Abov. Horizon

FIGURE 4. EFFECTS OF LIGHT ABSORP1"ON BY THE
EARTH'S ATMOSPHERE ON THE VISIBILITY OF STARS
(Prepared from data in Rudaux and de Vaucc leurs. 14)
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Additional evidence of the effects of phase and elevation on the intensity
of moonlight is shown in Table 1. These data, gathered at an approximate lati-
tude of N 50°, were extracted from a publication of the Canadian School of
Aviation Medicine (13) and are expressed in terms of ground brightness. Itis
instructive to asider the ground brightness values of the other phases as ex-
pressed in terms of percentage values of the ground brightness value at new
moon. Thus, from Table 1, for the quarter-moon phases, an increase in eleva-
tion from 15 degrees to 35 degrees doubles the ground brightness, and an
increase from 15 degrees to 55 degrees triples it. The effects of elevation at
full moon are even greater. Similarly, at an elevation of 15 degrees, the full
moon produces a ground brightness five times that of a quarter moon and twenty-
five times that of a new moon. These ratios increase with increasing elevation
until at 55 degrees the ground brightness produced by the full moon is six and
one-half times that at quarter monn and ninety times that at new moon.

TABLE 1
EFFECTS OF PHASE AND ELEVATION ON INTENSITY OF

MOONLIGHT EXPRESSED IN TERMS OF GROUND BRIGHTNESS
(Prepared from data published in 13)

Phase of Elevation Ground Brightness Percent of New
Moon (degrees) (LgMML) (mfl) Moon Value
New 15 4,33 20

35 4,33 20
515 4,33 20
First 15 5.02 100 500
Quarter 35 511818 200 1000
£19) 5.51 300 1500
Full 15 5 /3] 500 2500
35 6.15 1300 6500
515 6.29 1800 9000
Third 15 5.02 100 500
Quarter 85 58,318 200 1000
516 5r 1531 300 1500
14




SEASONAL VAKIATIONS IN INTENSITY

Seasonal variations in the intenzity of moonlight are due primarily to
changes in thc maximum attainable elevation of the moon. The maximum
northern latitude attained by the moon is N 28° 35' and occurs on winter
solstice (about 22 December). Thus, the northern hemisphere receives its
greatest amount of illumination from the moon during winter. Following winter
solstice, tne maximum northern latitude attained by the moon declines until
summer solstice {21 or 22 june) at which time it reaches its minimum value of
N 18°19'. For all points on the earth's surface with the same latitude, the
apparent movement of the moon will take place in the same way. The effecis
of seasonal variations in the maximum elevation of the moon are illustrated in
Table 2 in terms of degrees of elevation above the horizon and units of correspond-
ing ground brightness.

TABLE 2

SEASONAL VARIATIONS IN MAXIMUM ELEVATION OF THE MOON
AND CORRESPONDING CHANGES IN GROUND BRIGHTNESS
AT APPROXIMATELY 50° NORTH LATITUDE
(Prepared from data published in 13)

Elevation Ground Brightness
Season Phase (degrees) (LgMML) (m£l)
Spring New Mocn 35 4.33 20
First Quarter 55 SRS 300

Full Moon 35 6.15 1300

Third Quarter I5S 5.02 100

Summer New Moon 515 4,33 20
First Quarter 35 5) o8 200

Full Moon 15 5.73 500

Third Quarter 85 5.33 200

Autumn New Moon 35 4,33 20
Firec Quarter 15 5 0% 100

Full Moon 315) 6.17 1300

Third Quarter 55 Skers 30(

Winter New Moon IS A5 8 20
First Quarter 35 5 3K 200

Full Moon 55 6.29 1300

Thi~d Quarter 35 5, 3] 200
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An il!istration of seasonal and bihourly changes in moonlight intensity is
provided in Table 3 in terms of degrees of elevation above the horizon and units
of ground brightness,

TABLE 3

BIHOUKRLY AND SEASONAL CHANGES
IN MOONLIGHT INTENSITY
(Adapted from Jayle,et al., 8)

Midwinter Midsummer
Moon Ground Moon Ground
Elevation Luminance Elevation Luminance
Lours (degrees) (LgMML) (degrees) (LgMMT)
1600 0 4,35
1800 13 870
2000 31 6.05 6 5.35
2200 47 6.20 16 S0 7/
2400 56 6.25 18 5.80
0200 50 6.22 13 5.65
0400 35 6.10 0 4.35
0600 17 5.85
0800 3 4.75

VISIBILITY AND LUMINANCE

The preceding paragraphs have indicated that the amount of light available
from the moon at any one time is quite variable. However, many investigators
have attempted to measure the average amount of light supolied by the moon
during the different phases under 1deal atmospheric conditions. Although the
results of the various studies are not in absolute agreement, the measurements
obtained can be grouped into meaningful patterans. In order to establish the
amount of available light present during twilight, moonlight, and starlight, Figure
5 has been prepared.

The graphic representation of luminance ranges shown by Figure S indicates,
in general, that. as the sun sets below the horizon, there will be no effect on
vision for about 15 minutes. After this time, there is a shift in the visual process
so that hoth the rods and the cones are used by the individual at the same time.
The incident light may stay in this mesopic range during the entire period from
sunset to sunsise if the light from a full moon is available during this time. Even
if there is as much lLight available as is reflected by a quarter moon (about one-
half of the total moon area), there mav be times during the night when mesopic

16
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At left, in black: no visual perception

possible
Dark gray: night vicion or scotopic range
Light gray: twilig ‘~esopic range
‘White: day vision u pic range
P
Q
R

LgMML

On the oblique line luminance values indicate differing lighting conditions.,
SQUARES INDICATE
A, Night ground luminance with overcast sky, no moon. (Guide of
Canadian AF)
B. Clear starlight (after CAF)
C. Sky luminance, full moon (after CAF)
L. Firs' _sarter moon, 15 degrees elevation (after CAF)
E. Half moon (after CAF)
F. First quarter moon, 55 degrees elevation (after CAF)
G. Full moon, 15 degrees elevation (after CAF)
H. Ground luminance, full moon .after CAF)
I. Full moon, 35 degrees elevation (after CAF)
Jo Full moon, 55 degrees elevation (after CAF)
K. Sky luminance, full moon (z2fter Middleton)
L. Sky luminance, full moon (after CAF)
M. Sky luminance 1/2 hour after sunset (after Middleton)
N. Mean luminance of street lighting in town (after LeGrand)
O. Sky luminance 1/4 hour after sunset (after Middleton)
P. Mean weak artificial lighting (after LeGrand)
Q. Good reading luminance for white paper (afier Sheard)
R. Good artificial lighting (after LeGrand)
S. Mean diurnal lighting (LeGrand)
T. Snow luminance in noonday sun (after LeGrand)

(Sources referenced in Jayle, et al., 8)

FIGURE 5. GRAPHIC REPRESENTATION CF LUMINANCE RANGES
FCR VARICUS LIGHT SCURCES
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vision is utilized. These times will occur if the quarter moon rises at least 55
degrees in elevation above th~ horizon. However, for all light levels of less
than quarter moon, the ground luminance will be sufficient to excite only the
rods of the eye, and thus, true night vision will occur.
CONCLUSIONS

The foregoing discussion makes clear the importance of knowledge about
the moon and its apparent movements through the sky to the planning and conduct
of visual rese-rch and military operations. ':Forecasts of the duration, intens.ty,
and directional characteristics of moonlight for any given night may be made with
a knowledge of the phase and local times of moonrise and moonset. Sources of

this information and the preparation of moen charts are discussed in Appendix A.

18
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CHAPIZR 4

ARV YW OF §7" D'ES ON TARGE ! DETCLCTION
UNDER LTOW LTy ELS OF \LIA"MINAT.ON

INTRODU CT!'ON
" Relatively few studies of visual perception und-r low levels of natural

illumination have been published. A diligent search of the literature covering
the past three: decades ‘Appendix B) revealed only six major investigations in
which visibility data were gathered on the detection or 1d=ntification of objects
of military significance under low levels of natural light. These six studies will
now be reviewed and discussed.
STUDY ONE

The first experiment was done at the Tapanese Infantry School during the
mid-1930's {11;. The basic documents that originally reported these studies
were evidently destroyed during World War II. The cited reference was compiled
by a group of Japanese officers after the war at the request of the US War Depart~
ment. Some of the figures reported were obtiined { om exi.sting training manuals;
however, there is apparently some material included th at was compiled from
memory. Because of this, parts of the document may be of questionable origin,
but the target detection studies are still quite valuable for reference purposes.
Procedure

Possibly as a result of the method of compilation, the Japanese report very
little information about experimental procedure. The number of subjects and the
basic statistical analyses are lacking. 7t is repoited that the "experiments were
conducted on the Visibility Range by well trained soidiers at the Infantry School."
The exact training of the observars is not 1eported, but a general outline of the
subjects discussed 15 m ntioned. These subjects include off-center vision,
scanning, dark adaptation, var.ations in visibility according to the age, slant,
and position of the moon, cloud cond:tions and the development of confidence
in night seeing ability.

Results
The results of the studies, including description of the phys ! surroundings
used in the expeiriments, are presented 1n Tables 4 and 5. It is .ated whether

the distances reported are detection distances or identification distances. Also,
it is not made clear whether the visibility distance is a mean, or whether 100

percent of the observers saw targets at these d stances.
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TABLE 4

VIS!BILITY AT N1IGHT

Obj=ct

Single
Soldier

Patrol

Unit

l

f
i

1
l
l

Moorn_Age Ground and Background (meters) (meters) (meters) ﬂ
Level, Grassy Ground 25 30 40
Starlit Level, Bare Ground 30 40 45
Night Dark Background 10 10 15
Silhouettad Against Sky 35 55 80
Leval, Grassy Ground 30 60 75
12th Day from Level, Bare Ground 30 45 50
the Full Moon Dark Background 10 15 20
(Crescent) Silhouectted Against Sky 130 140 180
Level, Grassy Ground 60 70 80
7th Day from Level, Bare Ground 35 50 55
the Tull Moon Dark Background 10 185 20
(M alf} Silhouetted Against Sky 140 170 230
Level, Grassy Ground 70 75 120
3d Day from Level, Bare Ground 40 S 70
the Ffull Moon Dark Background 15 20 25
(3/4) Silhouetted Against Sky 160 220 280
Level, Grassy Ground 75 100 150
15th Day of Leve!, Bare Ground 50 80 100
the Moon Dark Background 15 20 25
(Full) Silhouetted Against Sky 180 250 300
Notes:

1. Patrol is three or four men. Unit is a platoon in column. The above

flgures show the visible range when the object is not in motion.

It

is easior to idontify an object in motion especially when it is moving

crosswise,

2. This experiment was conducted on clear nights during January and February.

It can be assumead that the brightness is practically equal for two or three

nights before and after each age of the moon in the chart.

3. Tnis chart applies for visibility after the full moon as well as before.

20
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TABLE 5

VISIBILITY ON MOONLIGHT NIGHTS

Single Soldier Unit
Object Observer (meters) (meters)
Facing moon 190 264
Halted
S o] With moon behind 115 113
BEES e Facing moon 223 310
In motion
With moon behind 121 151
Facing moon 128 171
Halted
With moon behind 69 102
Kneeling
Position
Facing moon 150 184
In motion
With moon behind 75 76
Facing moon 79 127
Halted
With moon behind 41 56
Prone
Position
Facing moon 83 131
In motion
With moon behind 45 59
Notes:

1. Soldiers employed in the experiment were equipped with full pack
and camouflaged.

The unit was approximately a squad in extended order.

2. 16th day of the moon (Full Moon), p ‘cn 60 degrees from the ground, no
background. Ground covered with gi. ,0 centimeters high. There was
no haze, but a high percentage of humidity.
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Discussion

This was evidently a well designed and carefully conducted investigation.
The omissions that occur 1n reporting are probably due to the way the material
was compiled. This study is the only one that has been discovered that in-
cluded the illumination conditions of quarter moon, half moon, and three-quatters
moorn. Further, there was systematic variation of target backgrounds. The main
shortcomings are that the visual distances reported are not identified as to type
{detection or identification) and there is no index of score variability.
STUDY TWO

At Camp Blanding, Florida. in 1944 an experiment was done on the detec~
tion and identification of targets under no-moon conditions (6). This was one of
the early studies accomplished by the Personnel Research Section of the Adjutant
General's Office, United States Army.
Procedure

On an unused .rle range, a field course of 12 marked lanes was set up on
which various pieces of military equipment were used as targets (range in size,
50-caliber machinegur. to M-2 tank). Subjects were first given a 30-minute
lecture in a dark room on the techniques of using their eyes for scotopic vision
and then were taken to one of the 12 lanes and told to look in & prescribed direc-
tion. If they could not see the target, they were told to walk on the path toward
the target area until they saw "something." This was labeled the "Perception

Distance."” Subjects then continued to walk forwarc until they could recognize
the target, and this was called the "Identification Distance." Two series of
targets were used over the same marked lanes. This study was completed by 560
soldiers on moonless, cloudless nights.
Results

A correlation between series scores on specific lanes (e.g., observers'
ecores on Lane 1, Series 1, were correlated with observers' scores on Lane 1,
Series 7., regardless of equipment on the lanes, yielded a Pearson r of .936.
A correlation between specific pieces of equipment, regardless of which lanes
they were on . gave .an; of .603. These recults imply tha' -~e physical char-
acteristics of the target backgrounds for the specific lanes re more important
in detection and identification distances than were the physical characteristics
of the equipment 1tself. Unfortunately. the physical backgrounds of the target
areas used 1n this study are not adequately described.

22
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In Table 6 are listed the combined mean detection and identification dis~
tances for each lane, regardless of the specific equipment on the lane. These
means were combined from the data of the various military groups used in the

investigation.
TABLE 6

VISIBILITY DISTANCES FOR SPECIFIC LANES

Detection Identification

Lane _{yards) (yards)

1 47 .06 23.34

2 50.09 30.74

3 48.46 21.67

4 77.06 34.68

5 53.36 36.14

6 51.87 27.50

7 47.13 32.12

8 61.32 35.15

9 8l1.13 22.15
10 44.60 26.46
11 51.91 26.03
12 52.13 31.32

*

As can be seen, there is a greater range of scores for the detection dis-
tances than for the identification distances. The identification distances are
remarkably similar, having a range of from 21.67 yards to 36.14 yards. The
combined means for all stations and all pieces of equipment give a detection
score of 55.51 yards and a recognition score of 28.94 yards.

Discussion

Tt is unfortunate that more description is not given in this study about the
physical characteristics of the various target areas. Because of the vast array
of equipment that is available for military night operations, it wouid be a diffi-
cult task to determine what the visibility distances are for specific pieces of
equipment.

A more rewarding approach would seem to be an unspecified kind of target
against a specified type of background. Although the high correlation obtained

for lanes implies that there may be some general rules on visual range for specific

target backgrounds, this study does not help in the identification of them.
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STUDY THREE
This research was conducted by the U. S. Army Infantry Human Research
Unit at Fort Benning, Georgia (16). Although a large number of variables were
investigated tbe results reported here wil! be limited to those pertaining to night
target identification distances.
Procedure
This experiment investigated these four major variables:
1. Night Vision Training of Observer - Group 1, Classroom Training
(2-hour lecture), (Problem 1220, USAIS); Group 2, Field Training
(2 hours of target detection practice in the field); Group 3, Class-

room and Field Training (1 hour of lecture and 1 hour in the field);
Group 4, No Training.

2. Level of illumination - no moon or full moon

3. Position of target - standing, kneeling, prone

4. Position of observer - standing, kneeling, prone

After the appropriate training, the 216 subjects were taken to a field detec-
tion course in a very flat, grass-covered area of the reservation. There, subjects
were dark adapted, assigned to one of nine lanes, and told to assume specific
positions. In order to ensure that successive subjects were in approximately the
same positions, a series of stakes were driven in the ground and the subjects
were told to place their chins upon the stakes when making observations.

The subject looked down the lane for a target. All targets were humans
dressed in fatigues but not otherwise camouflaged. The targets were at various
distances down the lanes (for any one lane there was just one target) and had
assumed various positions. The observer, if he saw a target, was required to
write down the target's assumed position on a standardized score card. The
primary data collected was number of correct responses as a function of target
distance. The authors report that the full moon moved slightly behind the ob-
servers' positions; however, no elevation data are given.

Results
The general results were:
1. Nigbt vision training has no significant effect on the correctness
of identification under either illumination 'condition.
2 Under the no-moon conditions, the position of the observer (standing,

kneeling, prone) did not affect the correctness of identification.
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Percent Correct Responses

Under full moon, standing observers could identify targets
approximately 9 to 17 yards beyond kneeling observers, who
could identify targets approximately 20 tc 30 yards beyond
prone observers.

4, Under no moon, standing targets could be seen 7 to 8 yards
beyond kneeling targets, which could be seen 9 to 11 yards
beyond prone targets.

5. Under full moon, standing targets could be seen 13 to 20 yards
beyond kneeling targets, which could be seen 12 to 25 yards
beyond prone targets.

6. In general, the full moon conditions (mean observation range for
all variables about 85 meters) extended the range of observation
approximately three times the range for no moon (mean observa-
tion range about 28 meters). (See Figures 6 and 7.)

100 .- = s e e S A y
90 . v ity
\\

80 -uiI \\
7U-|

|
60 « -~
50 4 \\

=

40 . \

!
30 4
202.’

| - J

10~ 20 30 40 SO 80 70 80 9J0 100 10 120 Yards

FIGURE 6. EFFECTS OF DISTANCE Oi\I TARGET IDENTIFICATION FOR

COMBINED OBSERVER AND TARGET POSITIONS (FULL-MOON EXPERIMENT)
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FIGURE 7. EFFECTS OF DiSTANCE ON 'ArRGET IDENTIFICATION 'OR
COMBINED OBSTRVER AND TARGET POSTT O.1S INO-MOON EXPERIMENT)

Discussion

The data of this experiment are reported c:fferently than were the data of
the fi~st iwo studies. In this study, the perc=nt of correct responses 3s a
function of distance is reported. This is very halpful for determining the
extreme range of detection distances, but it niak 2 comparison with otnaer studies
that have not accomplished this more difficult.
STUIy. TOUR

Tr.2 next study was done in 1957 by the 1 . S. Army Armor Human Research
Tinit at Fort Knox, Kantucky (10). The primary goal of the investigation was to
study the recognition distances of vehicles wi ich were silhouetted by an 18-inch,
2000.-watt searchliyht. However, since a cortrol group under a no-searchlight
cond.tion was included, thess results are of p-_mary 'interest for this raport.
Procodus

A group of 180 soldiers from the Armor Center was used as subjects in the
study. A field detection course was set up which had four paths on a flat,

grass-covered field., Path 1 was 60 yards to tte left of the observer, Path 2 was
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immediately to the front of the observer, Path 3 was 50 yards to the right of the
observer, and Path 4 was 125 yards to the right of the observer. These paths
extended approximately 1500 vards to the front of the observer's position.

Two pieces of equipment, an M-48 tank or a 2-1/2-ton truck were used as
targets. Under the no-searchlight conditions (no moon), a target drove down one
of the paths until the observer detected it and then continued driving until the
chserver identified it.

In order to mask the sound of the motors of the targets, a loud speaker which
played white noise was positioned behind each observer. The variables studied
were the two types of targets, the four paths, and the two sound conditions

(noise or no-noise).

Results

- The data are shown in Table 7. The authors reported that there was no sta-

tistical difference between detection and recognition ranges; so all data are
median recognition ranges expressed in yards. The authors stated that the
median was used since there were cases when the targets were never seen, and,

thus, there were zero scores.
TABLE 7

RECOGNITION RANGES (YARDS) FOR THE
M-48 TANK AND THE 2-1/2-TON TRUCK

Tank Truck

Path Noise No Noise Noise No Noise

4 111 210 86 77

g 126 192 100 95

2 184 155 83 108

1 157 165 91 97
Paths
combined 140 173 85 81

Discussion

This study is the only one reviewed which varied the position of the target
to the right and ieft of the observer. Although this apparently caused differences
in the scores, the results do not establish a definite trend that can be generalized

to other situations.
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The presence or absence of noise did not appear to affect the scores in any
systematic way. The authors suggest that the noise may not have been of the
appropriate frequency, or of sufficient intensity, to mask the sound of the
vehicles.

STUDY FIVE

The next study was accomplished at Fort Knox in 1959 (9). Although the
determination of visibility distances was not the primary purpose of this in-
vestigation, some of the data reported are of interest.

Procedure

The 83 subjects used were enrolled in Armor Advanced Individual Training.
On a relatively flat, grass-covered field, a detection course was established
which had 14 lanes. For 10 of the lanes, a piece of equipment was placed in
the target area; a kneeling target was used in one lane, and the remaining lanes
contained no targets. Subjects were dark adapted and then required to walk along
the lanes until they detected " something." They were then asked to continue
walking until they recognized the target. All testing was done under moonless
and cloudless conditions.

Results

The targets were grouped into three categories according to size. "Large”
targets included such things as a 2-1/2-ton truck, "medium" targets included
such things as a jeep, and 2-man tents and similar size material were grouped
as "small" targets. The mean scores reported in Table 8 are measurements in
yards. These scores were derived from data presented in the report by combining
the means of the two experimental groups.

TABLE 8

VISIBILITY RANGES FOR TARGETS GROUPED
ACCORDING TO SIZE

Detection Scores Recognition Scores
(yards) (yards)
Large Targets 73.5 45.0
Medium Targets 43.2 24.3
Small Targets 16.6 11.4
28
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Discussion

The procedure in this study was remarkably similar to the Camp Blarnding
investigation (Study Two). No range of scores was reported, but the analysis
of data as a function of target size is of interest.

STUDY SIX

The last study that will be discussed was conducted in 1962 at Fort Benning
(7). Once again, the primary purpose of the study was other than target detec-
tion; however, some of the data are relevant to the purposes of this report.
Procedure

Ten observers were seated about 60 feet above a very large, flat, grass-
covered field. Targets, which were camouflaged human figures, were presented
at varying distances to the front of the observers, and the observers were
required to detect the targets within a two-minute time limit, The targets were
either standing or were walking (relative direction not given). This investigation
was conducted under full moonlight conditions, but no data are given about the
position of the moon relative to the observer or about moon elevation.

Results .

The results are presented in Table 9. The data are the percent of targets
detected for varying distances. NoO targets were presented at distances of less
than 100 meters because of a limitation in the physical characteristics of the
experimental area.

TABLE 9
VISIBILITY RANGES FOR HUMAN TARGETS

Distance Percent Detected
(meters) Standing Walking
Target Target
250 25 No data
180 50 25
130 75 No data
100 90 45

Discussion
Since a complete report of this study has yet to be published, the data

presented here were taken from a condensed version. For our purposes, it is
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regrettable that no targets were presented at distances of less than 100 meters,
since it prevents comparisons with the other studies which include data for this
range. It is interesting that the observers were apparently better able to detect
a stationary target than a moving target. No reason is given by the authors for
this finding.

~ MMARY

In this summary we shall first determine the adequacy of the target detec-
tion studies in their treatment of the visibility factors which were identified in
Chapter 2, and then discuss the results of the investigations with regard to
specific distances.

T:""2 10 outlines the :x major visibility factors previously presented. Each
study is rated on the significant variables, with each column indicating a specific
study. It is ciear from Table 10 that some of the major factcrs are described more
adequately by the studies than others. For example, the parameters of illumina-
tion conditions and situational variables are at least partially described by almost
all of the studies. However, the factors of atmospheric conditions and background
variables are discussed only sketchily, if at all. The six studies appear to be
generally consistent in that a variable discussed in one study was usually men-
tioned in the others; and, likewise, some variables, particularly those having
to do with target background, were usually not reported.

Because of the omissions in the studies, it is judged that it would be
extremely difficult o replicate the exact exr imental conditions that were used
in most of the investigations. This problem will be discussed further in Chapter
6, in which some specific suggestions for future research in this area will be
made.

Because each of the preceding six studies on target detection under low
levels of illumination used a somewhat different experimental procedure, it is
very difficult to make meaningful comparisons among the results of the various
investigations. In order to give some categorization to the divergent data, a
somewhat standardized reference situation must be established and selected data
must be used.

In order to summarize the data on detection and identification of stationary
targets, either the mean detection or identification distances for stationary
targets ‘have been used, or, if the data is reported as the number of correct

responses as a function of range, the distance that 50 percent of the observers
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saw the target has been chosen as the criterion. Using these parameters as
a means of consolidating the data, Figure 8 has been prepared. This figure
presents in graphic form the general results of the various experiments cn
target detection.

Numbers in circles refer
to specific studies men-
tioned in text

| | ] Full Moon @
No Moon No Moon , Human Targets
@ ldentification Detection
Medium size Medium Size
Targets Targets
|
Full Moon
ggmhgg‘){’ar ots No Moon Human Targets
ge Detection
Equipment
L] M.oon i Full Moon
I‘dentlﬁcation Human
No Moon Lquipment P Arigeiis
@ Human Targets
| fe |
20 30 40 50 60 70 80 90 7 Sl'_BO
Meters

FIGURE 8. VISIBILITY OF TARGETS UNDER EITHER
NO-MOON OR FULL-MOON CON DITIONS

Figure 8 demons.;ates that even when data standardization is attempted, a
definitive picture is not obtained for stationary target detection and identifica-
tion distances under either no-moon or full-moon conditions. There are two
general statements that can be made from the present data:

34




e N

1. Under no-moon conditions, the maximum visibility range was
about 55 meters.

2. Under full-moon conditions, the minimum visibility distance
was about 75 meters.

Thus, the data for stationary targets indicate a discontinuous distribution
with the maximum visibility distance under no-moon conditions being separated
from the minimum visibility distance under full-moon conditions by about 20
meters. However, consideration must be given to the fact that group means are
presented here, and, thus, for any one individual, it is poscible that the no-
moon and full-moon visibility distributions ay overlap.
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CHAPTER 5

SUGGESTIONS FOR FUTURE RESEARCH

NTRODUCTiON

Although the target detection studies reviewed in Chapter 5 provide data
for certain specific situations, they are by no means definitive in scope.
Moreover, few general conclusions applicable to a wide variety of situations
were established. Further research is thus needed if a more adequate under-
standing of the capabilities and limitations of unaided visual perception under
low levels of natural illumination is to be achieved. Several suggestions,
formulated to foster the soundness, replicability, and validity of such research,
wiil now be offered for consideration.
COMPREHENSIVENESS

The shortcomings of the reviewed studies demonstrate the need to take into
account, within each investigation, all of the factors known to affect visual
parception. ldeally, each factor should receive specific attention during the
planning, should be varied or controlled during the implementation, and should
be accounted for in the write-up of every piece of research. A checklist based
on the set of perceptual factors presented in Chapter 1 should prove useful for
this purpose. In comparison with past studies, such research could more easily
be replicated, and the findings would provide much sounder and more valid bases
for conclusions.
ATMOSPHERIC COND!TIONS

Studies of the effects of the presence of dust, fog, haze, rain, smoke, and
snow 1n the atmospher= on the visibility of military targets are virtually non-
existent. Thus, solutions for many problems of visual detection, identification,
and range estimation under these conditions in daylight and darkness-~including
the development of performance, training, and instruction techniques--await the
findings of future research.
ILLUMINAT.ON CONDITIONS

Past studies have limited themselves almost exclusively to the two extreme
concitions of full moon and no moon. More often than not, the position of the
moon with respect to the target and the observer has not been specified. Thus,
even with respect to full-moon conditions, much remains to be learned of the

spec fic effects of elevation and directionality on visibilitv. The effects of
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interm~>riate g~ 3525 of moonlight remain largely unexplored. The systematic
investiaation of the effects of changes in moon phase, elevation, and direction
with rospect to observer and target would fill what is perhaps one of the most
seriots gaps in our knowledge in this area.
OLECT VARJABLES

Little bas neen done toward determining those object characteristics that
increase and those that decrease the probability of detection and identification
under low levels of natural illumination. The effects of size and motion have
been 1nvestigated in a limited way. The findings with respect to motion, as
reported in two of the reviewed studies, are contradictory. Research on the
effects of such attributes as area, brightness level, brightness contrast with
immediate background, internal brightness contrasts, movement, orientation to
observer, and shape would contribute not only to knowledge of the stimulus
correlates of visual perception but also to the development of techniques both
for raising and for lowering the likelihocd of the visual detection and identifi-
cation of cbjects under low levels of natural light.
BACKGROUND VARIABLES

The effects of variation in background variables have not been systemati-
cally investigated. In fact, the scant attention that has been paid to these
variables has generally been limited to nominal description. Hence, the effects
of change in the brightness level, proximity, and texture of backgrounds on the
visibility of objects under low levels of natural illumination have yet to be
explored.
OBSERVER VARIABLES

So few studies have been conducted in the natural environment that prac-
tically no direct knowledge about observer characteristics is at hand. Findings
of laboratory studies of the dark-adapted eye and the dark-adaptation process
have been used in the past as a basis for the development of selection and train-
ing procedures without verification of their validity for the detection and
identification of objects in outdoor settings under low levels of natural illumina-
tion. As shown in Chapter 4, the range of light intensity varies from photopic
through mesopic to scotopic levels during the hours from sunset to sunrise. It
would be surprising, therefore, if visual perception under such conditions were
found to be a simple function of the absolute threshold for light or of scotopic

acuity . Consequently, the investigation of relationships between perceptual
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prrformance on a set of visual tasks representative of those encountered in
Infantry night operations and photopic, mesopic. and scotopic visual acuity
would sigrificantly increase our understanding of the sensory requi:rements for
effective perceptusal performance.

Since so little is known about the effects of observer characteristics on the
perceptual performances of interest, there is a need to identify those attributes
that contribute to effective performance and those that detract from performance.
The intenzive study of a group of exceptionally effective observers and a group of
exceptionally poor observers selected on a set of representative visual tasks could
conceivably result in the isolation of such attributes. The ieads derived from the
study of extreme groups could then be followed up by experiments designed to
establish the validity of a set of characteristics necessary for proficient perceptual
performance. The results of such research would have important implications for
the selection and training of observers and would contribute to gur knowledge of
perceptual procescses.

Soundly based knowledge of the capabilities and limitations of visual per-
ception under low levels of natural illumination would greatly aid the planning
of both offensive and defensive night military operations. It is clear from thie
discussion in Chapter 5 that the data gathered to date are insufficient for this
purpose. There is a need, therefore, for normative data based on the perform-
ance of a set of representative visual tasks by an adeguate sample of personnel
normally assigned to night operations.

SITUATIONAL C ONDITIONS

Past research has demonstrated only slight concern for the representative-
ness of the visual tasks and the situational conciitions under which performance
has been evaluated. Fc xample, as shown in Chapter 5, observers were
usually told the specific uirection in which to look, thus little or no search was
required. The compilation of a catalog of infantry night operations and a sub-
sequent analysis into component visual tasks and situational conditions would
provide populations of tacks ar;d conditions from which representative samples
could be drawn,

CONCLUSIONS

In view of the small amount of research affort that has been expended on

investigations of visual perception under low levels of natural illumination, 1t

is not surprising that needs for further research are indicated for all of the
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visibility factors outlined in Chapter 2. That this area of visual perception has
received so little attention is understandable when it is realized that Infantry
night missions are about the only source of situations in which the detection and
identification of objects under such conditions is a vital matter. Another factor
has been the willingness to extrapolate the results of studies of the dark adapted
eye under laboratory conditions to problems of the perception of actual targets
under low levels of natural light. It seems clear that resolution of the many
problems referred to is desirable and that improved techniques of performance,
training, and instruction would derive from the indicated research.
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APPENDIX A
Knowledge of the intensity and other chavacteristics ot the illumination
pct sitially available between the hours of sunset and sunrise is of considerable
impoitance to those concerned with visual performance under natural illumination
during those hours. The following items of information are especially pertinent
to the planning and implementation of outdoor night operations and 12search:
V. Local times of sunrise and sunset
2. Local times and durations of
a. civil twilight
b. nautical twilight
c. night
d. moonlight
C. Moon phase
4. Path of moon across night sky
Astronomical tables, prepared and published locally in connection with the
operation of air fields and weather stations, are prime sources of information on
the above phenomena. Such tables are usually prepared for each month and in-
clude local times of sunrise, sunset, moonrise, moonset, beginning of morning
nautical twilight, end of evening nautical twilight, beginning of morning civil
twilight, end of evening civil twilight, and the phase of the moon for each day.
Accurate ki.owledge of the moon's phases and apparent movements across
the sky during the hours of darkness is, without doubt, most helpful in the dlau
ning and execution of night operations. Such information, coupled with knowledge
of the relative visibility ranges for personnel and equipment under various condi-
tions of natural illumination, seems essential to the conduct of consistently
successtul Infantry missions at night.
To aid interested personnel in gathering and classifying visibility iuforma-
tion, two methods of displaying moon data are presented. The first method is by

* means of a Moon Diagram. By plotting certain astronomical data on this diagram,

the apparent path of the moon, including the azimuths for rising and setting and
tlio elevation above the horizon, can be determined for any geographical position.
The second means of data presentation is a Moonlight Availability Chart. By
plotting information on this chart, the duration of night, the phase of the moon,
and the amount of light available from the moon for any time during a night can be
determined. Although the methods of data plotting for these two techniques are
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presented separately for the purpose of clarity, it should be underctood that
for complete moon information the two charts should always be used together.

PLOTTING A MOON DIAGRAM

To plot a moon diagram, the Local Mean Time (LMT) of each of the follow~

ing events is required:
1. End of Evening Nautical Twilight (EENT)

A-1).

2. Moonrise (MR)

3. Merldian Passage (Mer. Pass.)

4. Moonset (MS)

5. Beginning of Morning Nautical Twilight (BMNT)

True azimuths of MR and MS will also be needed. With the exception of the
time of Mer. Pass. and the azimuths of MR and MS, all of the required data are
available in locally published Astronomical Tables. Such Tables are prepared and
distributed at Fort Benning, Georgia, by the 16th Weather Squadron-Det 10, 2d
Weather Group (MATS), United States Air Force, Lawson Army Air Field (see Table

WEST

NORTH
360 degrees

EAST
270 degrees 90 degrees
MS MR
0443 hours 1931 hours

SOUTH
18. degrees -

FIGURE A-1. 'MOON DIAGRAM
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The time of Mer. Pass. and the azimuths of MR and MS may be taken from
Tk~ ™~ Almanac issued three times a year by the Nautical Almanac Office, United
St “wal ‘Observatory, and available from the United States Government Printing
® Jashington, D.C.

The obtained data may be plotted on a diagram such as the one shown in
Figure A-1. The outer circle represents the true horizon, the intermediate circle
represents an elevation of 30 degrees above the horizon, and the inner circle
represents an elevation of 60 degrees above the horizon. The common center oL
the concentric circles serves a dual purpose: it represents the location of the
observer on the ground for determining azimuths, and it also represents the zenith
(90 degrees above the horizon) for determining elevation.

On the diagram, the line running from north to south is called the meridian
and represents the longitude of the observer. The line running from east to west,
through the center of the circle, is the latitude of the observer. The latitude and
longitude of any geographical location may be obtained from a map of the area.

To establish the apparent path of the moon for a specific geographical loca-
tion, it is necessary to locate the three points of MR, MS, and Mer. Pass. on
the diagram. Since the elevation of the moon at MR and MS is at the horizon, it
is necessary to determine only the azimuthe at which these events occur to locate
the specific points representing them on the diagram.

To compute the azimuths for MR and MS, enter the appropriate daily sheet of
The Air Almanac with the local time of occurrence for these events. Find the in-
dicated time entry in the leftmost co'* .n, which is headed GMT (Greenwich Mean
Time) .1 Follow this row across to the column headed "MOON" and extract the
indicated GHA (Greenwich Hour Angle) .1 If the local time does not correspond
exactly with a listed time entry, an adjustment s}{ould be made in the GHA value
by consulting the Interpolation of GHA table2 given on the inside front cover of
The Air Almanac, for use with the A.M. pages, and on the flap, for use with the
P.M. pages.

! A complete description of GMT and GHA will be found in the Explaration
Section of The Air Almanac.

2 For an explanation of this table see Section 4, Page A5, The Air
Almanac.
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Next, convert the obtained GHA value to a true azimuth by adding 180

degrees to 1t if the value 1s less than 180, or by subtracting 180 degrees trom
it if the value is more than 180, When this is done, piot the points repre-
senting MR and MS on the outer circle of the diagram at the respective azimuth
locations and enter the local times of occurrence.
To locate the point representing Mer. Pass., it is necessary to compute
the time and elevation at which the moon crosses the meridian, i.e., an
imaginary line running from north to south, at the observer's location. The
exact time of Mer. Pass. may be determined by locating the GHA column for the
moon on the appropriate daily sheet in The Air Almanac and determining when the
GHA reaches 360 degrees. It is at this exact time that the moon will be at its
highest point in its path across the sky. Since the times in The Air Almanac are
given in 10-minute intervals, it will probably be necessary to again use the
Interpolation of GHA Table to extract the amount of time to be added to that found
in the GMT column so that the GHA value is adjusted to the required 360 degrees.
To compute the elevation of the moon at the time of Mer. Pass., extract from

the Moon column the declination (Dec.) value corresponding to the GHA value

that approximates 360 degrees, 1.e., the GHA value that is nearest to 360 degrezs.

No interpolation is required. To convert the Dec. value to elevation above the
horizon at the specific latitude of the observer, it is necessary, first, to subtract
algebraically the Dec. value from the latitude of the observer, and, then, to
subtract the remainder from 90 degrees. Thus, for locations in the northern hemi-
sphere, if the Dec. value is preceded by N, that value is treated as a positive
number and is subtracted from the latitude of the observer, then, the remainder is
subtracted from 90 degrees. If, on the other hand, the Dec. value is preceded by
S, that value is treated as a negative number and it is, in effect, added to the
latitude of the observer and the sum is then subtracted from 90 degrees. For loca-
tions in the southern hemisphere, Dec. values preceded by N are treated as
negative numbers and, in effect, are added to the latitude of the observer, and
Dec. values preceded by S are treated as positive numbers and are subtracted
from the latitude of the observer.

At the time of meridian passage, the moon reaches its highest apparent eleva-
tion in its path across the sky. The computed elevation value is plotted on the

north-south line on the diagram at the proper distance from the center point to
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indicate the height of the moon above the horizon as seen by the observer at the
time of meridian passage. The local time of meridian passage is also entered on
the diagram as shown in Figure A-1.

The moon diagram is completed by drawing a line connectino the three points
representing M Mer. Pass., and M3. This li~e represents une path of the moon
across the s! y as seen on a specific nic' . .ecific latitude. Although the
true path would be mc_e nearly rev.esenie.d ny curved lines, stiaight lines provide
sufficient exactness for our purpose. Du« to the movement of the moon, it is
necessary to plot a separate moon diagram for each night and for each change in
latitude. : :

PREPARING A MOONLIGHT AVAILABILITY CHART
To construct a moonlight availability chart, the following data are required:
1. End of Evening Nautical Twilight (EENT)
2. Moonrise (MR)
3. Moonset (MS)
4. Beginning of Morning Nautical Twilioh* (BMNT)

It is recommended that Sunset (SS) ve included on the chart, but it is not
essential. All required data should be obtained from local weather stations, as
moonlight availability charts are prepared for a specific geographical location.

Since the period during which moonlight is available usually extends from
approximately 1800 hours one day to about 0600 hours the next day (for the
portion of the earth between 50 degrees north and south latitude)}, it is convenient
to present moonlight availability for this two-day period of time on one line. In
the sample chart (see Figure A-2), you will notice that, on the top line of data on
the far left, the date is Wednesday, 1 August, and directly across the top line to
the far right is Thursday, 2 August.

The first step in the preparation of a mooniight availability chart is to deter-
mine the maximum time range for the month under ’consuieration. To decide what
rainge should be used in the chart, you must calculate the earliest time that moon-
light is available on any evening during the month and the latec* time that moonlight
is available on any morui:g during the month.

When the tim~ range for the entire month has been computed and the hours
plotted across the top of the page, you are ready to proceed to the second step--
preparing the graphic chart. Here, the days of the month, from the first day to the

51




I'Illllllﬁnuhn]ll'.ll"

JAVHO ALTTIGVIIVAVY LHOIINOSN °2-¥ YN

"1 4epames [ zzso _w _r _ _ — _ L ﬂ _ — F 102 r.unmm maN [s10z |zz20 [8s€t [s061 ] it Teptag
e Keptag | 1250 53p stys uo INJNE pu® LNJJ Usamiaq 3[qe[IeAR UOOW ON Mo [c 161 |PE90 |BS61 |S061 | OF  Avpsinul
o¢  Aepsiul | 1250 210p siy} ud LNNE pue INJI uasmiad aiqejieae ucow bN 73N [0T61 [6£50 [6561 [906T | 62 Aepsainom
62 Aepsaupam | 0ZS0O 516p S1ul UG LNINE Pue IN3IJ Usamiag 21qRiIeAt uooWw ON T/T [sc81 [vrr0 [000Z [Z061 o Tepearl

82 Aepsany v/' {€s41 Joseo Jtooe feo6t 7 7 epUC

tz  Aepuon +/T [60£1 [S520 [200Z [606T [ oz Aepung

9z Aepung v/1 |0291 {2020 |€00Z J0i61 | ¢z Acrames

¢z  Aepieg 2/1 |¢zst |zt [vooz {1161 ¥ Aeprg

24 ey 7/1 [62zr1 [sz00 [so0z 2161 7 Atpeanul

€z Aepsinyl z/T|6eel § XX {9002 |€l61 7 fepse M

77 Aepraunam Z/T [s221 |2rcz (2007 [FT6T | 1z Fevsont
T Sebeen /€ |1Z11 | 1062 {8002 [ST61] 0z Aepuowm
7 “Puon ¥/¢ |r101 |1zzz Jotoz [stet ] et Ainung
51 Aepuns F/¢ [2060 [2riz [11CZ [L161 ] €1 7emmies
[T 61 Aepames Zwoz [stet| ¢t Aooiig
2 Kepiig €10z [oze1| o1 Zepsinul

91  Aepsinyl

S10Z |u¢el | <1 Avpsaupem

e

-
3 )

A
ol 8
;) 4

2]
>

=il =l =
=1 =1 =
a8\l 2 &
(4 I~
< o| o
] ]| »
wl o] ~
o] ®| e
wl ~] ~
™ < -
o o Ll
- o~ ~

P TUIMOI[0] 943 ,UDT[Im] [eoineN DUILIOW utbag, ([13 ,.iubi[1m] [eonineN butuaad jo pul, woij Afiqeiteae 1WYBITUCOW - 2961 1snbny

St Aepsounam b : S L e e iy B Ltoz v/€ |ecvo |over {zroz [ezet| 1 Aepsany
71 Aepsony SRR Sy Rl T ey 8102 v/t [1eco fesct Istoz {sze1 [ €1 Aepuom
€l Aepuoiy : owom v/€ |v€£20 |8S91 J0Z0Z |9261 z1 fepung
A Aepung i e | ) R 1707 v/ [sv10|esst |1zoz |eze1 | 11 Aepiming
10 . Aepinies | f it SoEEE R ez 7,7 |ooto [ tost [ezoz Jezet | o1 Aeptig
ot Aeptad copnloapsal o Em; = 2/t |zz00 [eovt [rzoz Joest [ 6 Aepsinug
6 Aersinul . : . m1 Z/1| xxx |06t [szoz 1e61| & 4epsaupam
g Aepsaupam Z/1|evez |ezt JozoT |eesl | ¢ Aepsany
7 Aepsanj v/1|stez |e1tt |szoz |ece1 | @ Aeprop
9 AEpuo v/1 |vbzz |9201 |CEOT [rE6T S /epung
S Aepung v/1 |c1zz |ee60 |1€0z [se61 ]| ¥ Aepinjeg
b Aepinjeg v/1|2y1Z |1¥80 |2£02 |9€61 € Aepiid
<< £ Aepud | 00S0 . P ) maN 0112 fors0 |e€0z |2€61 ] ¢ Aepsirul
m % Aepsinyl | 6Sv0 _ 33Ep Sty UO ININE pue LNJJ usamiaq ajqe[teae ucou oN MIN |pEC2 11590 [be0z (861 [ Aepsaupam
w s1e@ pue Ae@ INWE 0090 00SO  00¥0  00€£0 00Z0 0010 00yz 00€Z  00ZZ  001Z  000Z 006l aseyd SW ¥W INII Ss 9e@  pue Leg
m 13suUcoiy - SN WYBIIm] TeonneN buruaaj jo puj - INI1
W“ - WbIIM] [eonineN butuio jo butuuibag - ININE 3suucoW - YW 195Ur.g - §§ (e a{ele]
<%




APPENDIX A
last day of the month, are listed 1n sequence on the left side of the chart. Listed

directly to the right of each day of the month are the data indicating the time of
SS, EENT, MR, MS. and the phase of the moon for that day. These specific data
were obtained from the Climatological Summary for August 1962, Lawson Army Air
Field Bulletin, Astronomical Tables, page 2 (see Table A~1). Listzd, in sequence,
on the far right of the chart is the BMNT for each day of the month from the second
day of the month to the first day of the next month.

In the center of the chart,. the period of time moonlight is available for any
given night is shown in graphic form. Notice that ou the left side, the time given
for beginning of the perniod of available moonlight is given either as EENT or MR.
This is due to the fact that sometimes the moon will rise befcre dark (before the
EENT), making this moonlight "unusable" until after dark. If the moon rises
before the EENT, then the EENT is used as the beginning time for the period of
moonlight availability; but if the moon rises after the EENT, then the time of MR
is used as the beginning time.

Now, the same reasoning applies to the process of determining the time of
termination of the moonlight availability period, i.e., if the moon sets before
the BMNT, then MS 1s used as tl.. and of the period of moonlight availability,
but if the MS is after the BMNT, then the time of the BMNT is used as the end
of the pério‘d of moonlight availability.

Variations in MR and MS can cause confusion in preparing the graph unless
it is remembered that sometimes the moon will rise on one day and not set on
that day, or the moon will set on a day with no moonrise. These situations occur
when the moon either rizes or sets after 2400 hours (midnight) of the day under
consideration. These instances are depicted on the chart by the symbol "XX,"
used in the absence of moonrise, and by the symbol "XXX," used to indicate the
absence of moonset for that particular 24~hour period. Of course, the n.oon will
eventually rise or set, but if 1t either rises or sets after 2400 hours, it will be
considered to have occurred during the next day, and not during the day on which
it had originally started ite movement.

Occasionally, there will be no moonlight available for a certain night even
though the moon 1 in one of 1ts light-giving phaz~s (see Wednesday, ! August,
F:qure A-2). This phenomenon will occur when the moon sets at the same time
as, or before, the EENT.
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BMNT BMCT
0459 0529
0459 0529
0500 0530
0504 0530
0501 0531
0501 0531
0501 0532
0502 0532
0502 0533
0503 0533
0504 0534
0504 0535
0505 0535
0506 536
0506 0536
0507 0537
0508 0538
0509 0539
0510 0540
0511 0541
0512 0541
0513 0541
0514 0542
0515 0543
0516 0544
0517 0545
0518 0546
0519 0547
0520 0548
0521 0549
0521 0549

Moon does not 1i182 this date
Moon does not set this date

Beginning of morming nautical twilight

ASTRONOMICAL TABLES

SR

0555
0555
0556
0556
0556

0557
0557
0557
0558
0558

0559
0559
0559
0600
0600

0601
0602
0602
0603
0604

0605
0606
0607
0608
0609

0610
0611
0612
0613
0614

0614

TABLE A-1
August 1962
8S  EECT

1938 2004

1937 ik

jiEis, ™ 0.

1935 2001

1934 2000

1933 1959

1932 1958

1931 1957

1930 1956

1929 1955

1927 1953

1926 -1952

1925 1950

1923 1949

1921 1947

1920 1946

1918 1945

1917 1944

1916 1943

1915 1941

1914 1940

1913 1939

1912 1937

1911 1936

1910 1935

1909 1934

1908 1933

1907 1932

1906 193]

1905 1930

1905 1930

Beginning of morning civil twilight

Sunrise
Sunset

End of evening civil twilight

End of evening nautical twilight
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MR MS
0651 2034
0746 2110
0841 2142
0933 2213
1026 2244
1118 2315
1213 2347
1307 XXX
1403 0022
1501 0100
1559 0145
1658 0234
1753 0331
1846 0433
1935 0540
2021 0648
2102 0758
2142 0907
2221 1014
2301 1121 °
2342 1225

XX 1329
0025 1429
0112 1527
0202 1620
0255 17039
0350 1753
0444 1835
0539 1910
0634 1943
0727 2015
Moonrise
Moonset

PHASE

NEW
NEW
1/4
1/4
1/4

1/4

e
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AP. ENDIX A
The advantage of a moonlight availability chart is in its concise met' »d of
data presentation. By merely glancing at the chart, an observer can gqu:i.h:lv
determine the phase of the moon, the times of moonrise and moonset, and swnether
there will be any moonlight availabie during the period of time that is of interest
to him. Thus, night operations in which the amount of moonlight present is a
significant factor, can be accurately planned far in advence.
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In attempting to identify studies on night target detection that were accom-
plished in a field situation, the following sources were surveyed.

1.

ASTIA reference material covering the period 1952-1963 under the
following Divisions and Subject Headings:

Divisions Subject Headings
2. Astronomy, Geonhysics, Detection
and Geography Identification
6. Detection Military Training
16. Medical Sciences Night Sky
18. Military Sciences and Night Warfare
Operations Range Finding
23. Personnel and Target Recognition
Training Targets
28. Psychology and Human Visibility
Engineering Vision

Visual Acuity
Visual Perception
Visual Signals
Visual Threshold

ASTIA, Report Bibliography on Target Detection and Range Estimation by
Humans, Armed Forces Technical Information Agency, Arlington, Virginia,
November 1960,

Human Engineering Information and Analysis Service (Project Staff),
Human Engineering Bibliography (1960-1961), Institute for Psychological
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